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Foreword 


It is hard to believe that the time has come for a fifth 
edition of Clinical Pediatric Urology. It is even harder 
to realize that it has been over 30 years since our first 
edition was conceived and delivered. The history lead- 
ing up to the first edition might be of some interest. 
Both Kelalis at the Mayo Clinic and King at Chil- 
dren’s Memorial Hospital in Chicago had contracts to 
write or edit books. However, there was so much 
going on at that time in this new, young field of pedi- 
atric urology, clinically and academically, that there 
was little time for either to get the job done. It was a 
fertile, uncultivated field and a very exciting time. 
New discoveries and advances were being made daily. 
Kelalis and King ultimately joined forces, enlisting 
Belman, who was working with King in Chicago, as 
an author and associate editor, as well as most of the 
few other pediatric urologists in the field at the time 
to write chapters. The first edition was well received, 
with nearly 4000 of the two-volume text sold. The 
sales exceeded that of the edition of Campbell’s Urol- 
ogy published about the same time. 

The book was meant to continue in the tradition of 
Meridith Campbell, who had published a two-volume 
text entitled Pediatric Urology in 1937 and the original 
Clinical Pediatric Urology in 1951. The controversies 
of the day — such as the significance of vesicoureteral 
reflux, particularly in the absence of infection, the role 
of the urethra and bladder neck as causative factors of 
urinary tract infection and reflux, management of the 
child with neuropathology, and innovative surgical 
techniques — were all addressed in both Campbell 
texts as well as in our first edition of 1976. Most of 
these same questions are addressed in this current edi- 
tion, although at a much more sophisticated and sci- 
entific level. Others have been resolved and the 
progress that has been made, particularly regarding 
the surgical treatment of hypospadias, bladder exstro- 


phy and endoscopic treatment of reflux as well as 
other problems, as reported in this edition, is truly 
amazing. 

Each of the editions that followed the first was 
meant to build on the previous one. Different authors 
were often chosen in following editions to keep the 
information ‘fresh.’ Of course, this became easier as 
the field grew and more experts became available. 
Often portions of previous chapters were incorpo- 
rated to build upon by new authors and to offer his- 
torical perspective and depth. We continue to 
appreciate all the efforts by those who contributed to 
the first four editions. 

This is the first edition in which none of the previ- 
ous editors participated. This is a good thing, as it 
offers the opportunity to consider totally new per- 
spectives of our growing field. We hope that the pre- 
vious editions were of use to the current editors and 
authors and wish them well with their endeavor. We 
know from first-hand experience that ‘doing a book’ is 
a huge undertaking and often a frustrating experience. 
We wish them well. Our only regret is that Panos 
Kelalis is not here to see the fruits of his labors and 
take pride that his ‘baby’ has grown into this mature 
body. 


Lowell R King 

Professor Emeritus of Urology 

Duke University School of Medicine 
Professor of Urology 

University of New Mexico School of Medicine 
Albuquerque, New Mexico 
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Preface to the fifth edition 


The textbook Clinical Pediatric Urology, known affec- 
tionately as ‘Kelalis, King and Belman’, has been the 
primary resource for pediatric urologists, residents 
and fellows for 30 years. We are honored to have the 
opportunity to edit the fifth edition. To commemo- 
rate the origins of this book, the title has been 
changed to The Kelalis—King-Belman Textbook of Clin- 
ical Pediatric Urology. We are fortunate to have the 
assistance of Barry Belman and Lowell King, who 
have supplied a Foreword to this text. Their contri- 
butions, along with Steven Kramer, who served as co- 
editor of the fourth edition, and of course the late 
Panayotis Kelalis cannot be overestimated. We are 
indebted to their vision, and the strong foundation 
they created, and upon which the current text is built. 

The specialty of pediatric urology continues to 
grow and change rapidly. In the United States, pedi- 
atric urologists will soon have the opportunity to earn 
a Certificate of Added Qualification in pediatric urol- 
ogy, in addition to the Urology Boards. More pedi- 
atric urology is being done by full-time specialists, 
and less by general urologists. Areas of great contro- 
versy in the past, such as the utility of laparoscopy in 
pediatric urology, are now better defined, whereas 
areas for which we thought we had the answers, such 
as the management of vesicoureteral reflux, seem to 
be completely up in the air. We are on the verge of an 
era of translation of basic science discoveries to clini- 
cal therapies — most notably in pharmacotherapy and 
tissue engineering. We hope that this book will 
enlighten in all of these areas, and supply guidance 
where it is needed most. 

We reorganized the textbook, starting with chap- 
ters of general interest, and then proceeding through 
each of the systems or anatomical areas of interest to 


urologists. Within each section, we have tried to 
incorporate a basic science chapter. Understanding 
that this is a clinical text, these authors have been 
tasked with enlightening the reader with those basic 
science efforts that are likely to impact clinical care 
now or in the future. The embryology and radiology 
chapters have been distributed throughout the book, 
according to system. Finally, minimally invasive 
surgery is no longer sequestered in a chapter of its 
own, but is incorporated in each section of the book. 
We are indebted to our returning authors, who gra- 
ciously accepted and enhanced our new format, and 
to our many new authors who have infused the text 
with their energetic contributions. 

As always, this is intended as a reference work, but 
not necessarily the last word. We have tried to present 
controversy where it exists, but in the end all recom- 
mendations are made based on the experience and 
best belief of the authors. The authors have been 
chosen in every case for their expertise, experience 
and rationality. Although we, as editors, may not 
have agreed with everything our authors have stated, 
we consider each of them a master in their area, and 
have tried to minimize our influence on their 
message. 

We are especially indebted to our publisher, Alan 
Burgess of Informa Healthcare, without whose trust 
and guidance this work would not have begun; and 
his development editor Kelly Cornish, and to our 
production editor Cathy Hambly without whose hard 
work it would not have been finished. 


Steven G Docimo 
Douglas A Canning 
Antoine E Khoury 
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Evaluation of the 
Pediatric Urologic Patient 


History and physical examination of 1 


the child 
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Although the perfect history has never been taken 
by any physician, his careful, sympathetic and 
discerning questions frequently yield information 
from the sick person which enlarges the doctor’s 
horizon of knowledge and experience as well as 
presenting him with unexpected examples of the 
dramatic or bizarre. 
David Seegal MD 
The Pharos of Alpha Omega Alpha 
1963, 26: 7 


The medical history 


The path to caring for a patient and offering a solu- 
tion to a medical condition commences with a well- 
taken and thorough medical history, and subsequent 
physical examination. These are the most basic of ele- 
ments in medical care, and when properly conducted, 
allow for the understanding and appreciation of the 
medical condition, and the ability to initiate appro- 
priate care for the patient. The extensive progress in 
medical technology has given the physician new tools 
for the diagnosis and treatment of most medical con- 
ditions; however, no technological advance can 
replace the sympathetic and discriminating ear of the 
physician, or the gentle and perceptive hand during 
the physical examination. In the diagnostic process, 
history accounts for 80% of the information, physical 
examination for 15%, and special investigations for 
5%. A thorough history is the clearly most enlight- 
ening component of the diagnostic process.” 

The field of pediatrics presents a very different sit- 
uation than the other branches of medicine in that the 
history is usually given by a second person instead of 
the patient, this being the mother, the father, other 
relatives, or a foster parent.* It is important to iden- 
tify the person giving the history, and to clarify the 
relationship to the patient. As we first encounter the 


child and the parent, it is essential to introduce our- 
selves and offer our services to the patient and the 
family. The accompanying adult should be asked in a 
non-threatening way about his/her relationship to the 
patient. In an era of significant governmental regula- 
tory oversight and the obligation to protect the 
patient’s confidentiality and privacy, it is necessary to 
define the precise relationship to the patient early on 
in the interaction, and to determine who will be the 
recipient of the medical information related to the 
pediatric patient.* Current federal regulations estab- 
lish limitations on the medical information that can 
be shared with individuals other than the patient, and 
there can be serious penalties for ignoring this federal 
directive. We should not assume that the accompany- 
ing adult has legal custody of the child. 

Upon approaching an examination room, it is 
important to remember that small children will often 
move about the room, as the family waits for the 
physician. Prior to entering the room, the physician 
should first knock gently at the door to alert the par- 
ents to pick up the child who could be sitting behind 
the door, and then open the door cautiously. As we 
first encounter the child and accompanying adult, it is 
helpful to ask what the child likes to be called, and 
address the child in that manner. Also, it is beneficial 
to find an area of interest that will show patients that 
we care and are interested in them, such as asking 
what type of play they enjoy, offer a supportive com- 
mentary about their clothes, or inquire about their 
interests in sports or other activities. The child should 
feel that they are the primary interest of the interac- 
tion, and regardless of the age, the physician should 
look at the child and talk to him/her in words that the 
child can understand at various times during the 
encounter. A soft and courteous tone of voice and a 
sympathetic look are essential in developing a trusting 
relationship with the child, assuring the patient and 
the family that the physician is concerned about 
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his/her condition. Abrupt, pressing and hurried inter- 
faces often have a profoundly negative effect on the 
initial, and subsequent, patient-physician inter- 
actions. The physician should convey a willingness to 
listen, and demonstrate empathetic understanding for 
the information being gathered.? If a young child is 
not receptive to the interaction and is disruptive 
during the history taking, it is helpful to seek distrac- 
tion techniques such as a toy box, coloring books, for- 
mula or snacks, or removal from the examination 
room, to allow adequate history gathering. A com- 
fortable environment can enhance communication.’ 
In essence, it is important to convey to the parent the 
interest in the child as well as the illness.5 

The pediatric urologic history should be tailored to 
the condition of the patient, with some conditions 
being rather evident, such as the healthy newborn with 
hypospadias or undescended testis, and thus requiring 
a more focused and limited approach to the history. 
Other conditions, such as combined diurnal and noc- 
turnal enuresis in an older patient, are likely to require 
a more detailed and comprehensive assessment of the 
medical history. Thus, not every patient seen by a pedi- 
atric urologist will require an extensive medical history 
with a need to cover all of the items traditionally listed 
in the medical history of a child. However, the role of 
the pediatric urologist is to determine what key ques- 
tions are necessary to formulate the most accurate 
description of the patient’s genitourinary condition. 
Once the pediatric urologist has established the main 
reason for the visit or interaction with the patient, 
additional information is necessary to complete the 
history. The family should be questioned about possi- 
ble associated genitourinary symptoms including flank 
pain, abdominal pain, dysuria, hematuria, inconti- 
nence, frequency and urgency, difficulty with urina- 
tion, previous urologic surgery, and scrotal pain and 
swelling. Other symptoms such as malaise, fever, 
weight loss, constipation, vomiting, or body postur- 
ing should be reviewed as part of the history of the 
present illness. The past medical history should include 
information about the prenatal history of the patient 
and pregnancy of the mother, including any fetal 
assessment, and illnesses or medication to which the 
mother was exposed. Any current or previous med- 
ications should be listed, as well as allergic reactions 
to medications. A comprehensive developmental his- 
tory is not crucial to the pediatric urologic history, 
though a general awareness about the patient’s ability 
to reach developmental milestones is important. Seri- 
ous previous medical conditions and operations need 
to be documented. In assessing the review of systems, 


particular attention should be given to the overall state 
and growth of the patient, the presence or absence of 
reactive airway disease, and a history of congenital car- 
diac malformations. 

Genitourinary surgery is one of the common indi- 
cations for subacute bacterial endocarditis (SBE) pro- 
phylaxis in patients with some types of congenital 
heart disease, and the child’s cardiologist should spec- 
ify the need for antibiotic use for these patients. Other 
important elements of the review of systems include 
recurrent abdominal pain, constipation, diarrhea, or 
vomiting, and any nervous system abnormalities such 
as seizure disorders or attention deficit disorder. 
Recurrent abdominal pain and vomiting may be a 
presentation of intermittent hydronephrosis in a 
child. The assessment of the family history is impor- 
tant for many pediatric urologic conditions, including 
vesicoureteral reflux, urinary tract infections, genital 
malformations including hypospadias, and voiding 
disorders and enuresis. Finally, if not already obtained 
during the initial interaction, an assessment of the 
social history should be completed, including the 
marital status of the parents, who cares for the 
children when the mother is employed, number of 
siblings, progress at school, recent stressful experi- 
ences such as moving or loss of a family member, and 
the type of interactions with other children.356 All of 
this information may elicit a diagnostic path possibly 
unrelated to the initial complaint of the patient. 

The gathering of medical information occurs in 
many scenarios in the field of pediatric urology. The 
interaction with an expectant mother with a prena- 
tally detected urologic malformation is very different 
from the interaction with an acutely ill boy with scro- 
tal pain. Just as the types of questions and data gath- 
ering need to be adjusted according to a given 
medical scenario, so does the documentation of that 
encounter. In the 1990s, the ‘Documentation Guide- 
lines for Evaluation and Management Services’ were 
developed by Health Care Financing Administration 
(HCFA) and the American Medical Association, and 
since then, many variations of these guidelines have 
evolved. The guidelines, commonly referred to as the 
E/M service guidelines, were developed with the 
premise that medical interactions should provide spe- 
cific documentation of the history, physical examina- 
tion, and decision-making process, in order to be 
processed and reimbursed by Medicare. Each interac- 
tion, be it with a new or an established patient, is 
coded according to the number of items (bullets) cov- 
ered during the interaction. Three broad categories 
are used (office visits, hospital visits, and consulta- 
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tions), and each of these categories is further subdi- 
vided according to a new or established interaction 
with a patient.” In the context of this chapter, it is 
necessary to mention this newer component of the 
medical history and physical examination, though it is 
not the intent of this chapter to expand on these com- 
plex and controversial coding guidelines. 


The physical examination 


An important component of the physical examination 
occurs while obtaining the medical history, and that is 
the observation of the patient and the relationship 
with the family. While listening to the family, the 
physician can assess the level of comfort of the child 
and his/her overall physical health, and anticipate the 
approach to the physical examination. Perusing the 
vital signs, including the weight, blood pressure, tem- 
perature and pulse, prior to examining the child may 
point to the need to focus on specific areas of the 
examination. An elevated blood pressure is often seen 
in the agitated child, or when the blood pressure cuff 
is too small for the child, although it may also be the 
result of renal disease. Selecting the appropriate blood 
pressure cuff size for the child is vital to obtaining 
reliable blood pressure readings.? 

When the time comes for the examination, the 
child should be informed in simple terms that are 
understandable to him/her that an examination is to 
take place. With younger children, having the parents 
stand or sit next to them during the examination can 
help reduce the fear of the experience. Young chil- 
dren, less than 1 year of age, can occasionally be 
examined while they recline in their mother’s lap. 
Every effort should be taken to minimize separation 
anxiety in these children, common in children 
younger than 3 years of age. Preschoolers, ages 4—6 
years, fear the possibility of bodily injury and mutila- 
tion, possibly castration, so the genital examination 
usually produces significant anxiety in this age group. 
In older children, and adolescents, privacy is very 
important, and respecting that privacy during the 
examination is vital, by asking the family members to 
look aside or to step out of the room. Examination of 
the adolescent should always be handled with sensi- 
tivity to avoid unnecessary embarrassment and pre- 
serve the dignity of the patient.!? 

Prior to placing the hands on the patient, the exam- 
ining physician should wash his/her hands, and repeat 
this routine, though fundamental, exercise at the end 
of the examination. A cold pair of hands can tense the 


patient unexpectedly. The physician owes to the 
patient the courtesy of a warm pair of hands during 
the examination.!° Upon placing the patient on the 
examining table, the pediatric urologist can determine 
if the child will cooperate with the examination. If the 
child is cooperative, the examination should include 
an assessment of the configuration of the chest and 
abdomen, appearance of the breast tissue in both boys 
and girls, presence of axillary hair, palpation of all 
four quadrants of the abdomen for abdominal wall 
tension, masses, rigidity, guarding or tenderness, and 
the presence of umbilical hernias. Auscultation of the 
chest for clear symmetric breath sounds and abdomen 
for normal bowel sounds can be performed while the 
child is held by a parent, or after placing the child on 
the examination table. In small children, the sigmoid 
colon can often be palpated when it contains a large 
amount of fecal material. 

Detection of an abdominal mass may be the first 
manifestation of a pathologic or non-pathologic 
process, such as a distended bladder, a multicystic dys- 
plastic kidney, a hydronephrotic kidney, or Wilms’ 
tumor.!! Palpation of the abdomen should be initially 
soft, gentle, and superficial, and progress to a more 
deliberate, deeper palpation. The inguinal and scrotal 
areas can be assessed simultaneously, looking for asym- 
metry, hernias, hydroceles, and undescended testes. 

Hydroceles should be closely examined to ensure 
that the testes can be palpated. Transillumination is 
frequently performed to demonstrate a fluid-filled 
hydrocele sac (Figure 1.1). Failure to identify a testis 
in a patient with a tense hydrocele should prompt fur- 
ther evaluation with a scrotal ultrasound if surgical 
exploration is not planned. Placing a hand over the 
inguinal area at the pubic tubercle before touching the 
scrotum will often prevent a retractile testis from 
ascending into the inguinal area (Figures 1.2 and 
1.3). The position of the testes in the scrotum should 
be observed prior to touching the patient. 

The examination of the scrotal contents should be 
performed during each visit despite the findings of 
scrotal testes on an earlier visit, to exclude the possi- 
bility of testicular ascent.!? When a testis is unde- 
scended, sliding the examining hand lubricated with 
soap over the inguinal area will often demonstrate the 
location of the testis. The consistency and approximate 
size of the testes should be noted, as well as the stage 
of sexual development. As the boy reaches adolescence, 
the first sign of puberty is the growth of the testes, 
which usually occurs around 11-12 years of age, cor- 
responding to a Tanner stage 2.134 Secondary sexual 
development follows over the ensuing 1.5-3 years. 
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Figure 1.1 Transillumination of a hydrocele. 


Figure 1.2 Physical examination of the groin and 
testis. 


In girls, the first sign of puberty is usually breast 
development, followed by the appearance of pubic 
hair (Tanner stage 2). The onset of menses corre- 
sponds to a Tanner stage 4, and the corresponding 
external appearance for this stage of development is 
that of curly, coarse pubic hair, though less abundant 


Figure 1.3 Physical examination of the testis. 


than in adults, and the breast areola and papilla form- 
ing a secondary mound.!® 

In the male patient, the examination of the penis is 
conducted next. The child to this point should be 
comfortable with the examination, and the transition 
to the examination of the penis should be painless and 
well tolerated by the patient. The presence of a fore- 
skin and appearance of the glans should be noted, as 
well as the presence of any penile abnormalities 
including hypospadias, penile torsion, and chordee. 
Occasionally, the urethral meatus may be in an 
ectopic location in boys with hypospadias (Figures 
1.4 and 1.5). In circumcised boys, the glans should be 
assessed for the presence of mucosal adhesions 
(Figure 1.6) or skin bridging (Figure 1.7). A hidden 
penis should be differentiated from the rare but more 
serious micropenis (Figure 1.8). When a micropenis 
is suspected, measurement of the stretched penile 
length with a ruler is necessary, while pressing the 
prepubic fat away. If the child remains cooperative, 
the various abnormalities identified during the exam- 
ination should be demonstrated to the parents as part 
of their education into the child’s urologic condition. 
In the normally uncircumcised male, the foreskin 
should be retractile in 90% by 5 years of age, though 
some residual glanular preputial adhesions may 
remain. Gentle, atraumatic retraction of the prepuce 
should be attempted. The location and size of the 
meatus should be noted, remembering that a small 
meatus on examination is not always indicative of ure- 
thral meatal stenosis (Figure 1.9). The appearance of 
the deflected urinary stream during the assessment of 
the urinary flow in the toilet-trained patient will 
determine if urethral meatal stenosis is present.!° 
After examining the penis, the child is asked to turn 
to his side, or helped to do the same, to assess the 
anus, which can be inspected while pulling the but- 
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Figure 1.6 Foreskin adhesions. 


Figure 1.4 Ectopic meatus in hypospadias. 


Figure 1.8 Micropenis. 


tocks apart. Anal winking often occurs during this 
maneuver. With the exception of cases of congenital 
anorectal malformations such as imperforate or ante- 
riorly placed anus, abnormalities of the anus are rare 
in this age group.” Inspection should reveal a sym- 


Figure 1.5 Ectopic meatus in hypospadias. 
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Figure 1.9 Meatal stenosis. 


metrical pigmented perianal skin. A digital rectal 
examination should be reserved for special circum- 
stances, such as a patient with urinary retention, 
assessment of the neurologically impaired child, or in 
cases of severe constipation, and it is best performed 
using a well-lubricated, gloved, small fifth finger. 
Examination of the lower backs and extremities com- 
pletes the examination in the male child. 
Examination of the genitalia in the preadolescent 
female is best conducted in the supine position with 
the legs in a frog-like position, with the soles of the 
feet touching each other. If this is not satisfactory, 
then a knee—chest position, asking the patient to per- 
form Valsalva’s maneuver, will allow satisfactory 
inspection of the introitus.!7 This should be the last 
part of the examination, and the girl may remain 
clothed until then. Practicing this part of the exami- 
nation with a nurse prior to the physician conducting 
the genital examination may reduce the girl’s appre- 
hension related to the examination. To this effect, we 
often will tell the patient that a nurse is coming to 
help her undress, and to teach her a task. Talking to 
the girl and explaining what we are doing in a 
friendly, but professional, manner, is also helpful in 
comforting the patient. Depending on the age of the 
patient, the examination can be conducted while the 
girl remains in her mother’s lap. If the child is placed 
on the examination table, the mother is encouraged to 
bend over to embrace the child and offer additional 
comfort. We ask the girl to try to touch the wall 
against the table with her knee, effectively encourag- 
ing her to flex and abduct her hips. After observing 
the external genital appearance, the labia majora are 
firmly, but not tightly, grasped between thumb and 
index finger, and pulled outwards and upwards, 
allowing full assessment of the open introitus, distal 
vaginal canal, and urethral meatus?’ (Figure 1.10). 


Any discharge or pooling of urine in the introitus 
should be further assessed with appropriate imaging 
studies. A pelvic examination, if necessary in the pre- 
pubertal female, should probably be conducted under 
general anesthesia, as manipulation and insertion of 
fingers or devices may have long-lasting psychologic 
consequences. Upon completion of the examination 
of the introitus, the girl is placed on her side to assess 
the appearance of the anus, as well as the cutaneous 
and bony aspects of the lower back. Attention should 
be given to the presence of dimples, scoliosis, discol- 
ored skin patches, or hairy nevi in this area. The 
examination of the lower extremities completes the 
examination, and particular attention should be given 
to symmetry, strength, and skin temperature. 

When the child is uncooperative, the physician may 
rely on distraction techniques such as allowing 
him/her to play with a penlight, or toys, or hold an 
otoscope, to console the child. It is noteworthy that 
many patients who are uncooperative probably have 
had a negative experience with a healthcare provider 
in the past. If the child remains uncooperative, we 
should try to make the best of the situation, but never 
force an examination on the combative child. If an 
acute surgical condition is suspected, and the child is 
uncooperative, persevering with the examination with 
the use of assistants to gently restrain the combative 
child may be necessary. A useful technique to exam- 
ine the abdomen and genitalia of anxious young boys 
is to have the mother embrace, and hold, the upper 
torso of the child against the examination table, while 
an assistant places the palms of their hands on the 
patient’s thighs, close to the pelvis, to keep the body 
in place against the examination table. This allows the 


Figure 1.10 Examination of the female introitus in an 
infant. 
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examining physician to conduct a quick and effective 
examination while the child is reassured by the close- 
ness to the mother. 

In pre- and postpubertal males, the physical exam- 
ination should always include examination of the 
scrotal contents while the patient is standing, specifi- 
cally to determine if a varicocele is present.!? Failure 
to include this step in the physical examination will 
result in missing this common condition. 

Finally, an uncomplicated neurologic examination 
can be easily performed in most children, and, in the 
context of the urologic patient, this part of the exam- 
ination is usually reserved for patients with voiding 
disorders. Normal-appearing patients with genital 
disorders will rarely have neurologic conditions that 
can be uncovered by the urologist, and neurologic 
examination of the infant and young child by the 
urologist is usually unnecessary. In the older child and 
adolescent, the neurologic exam includes assessment 
of mental status, muscle tone, deep tendon reflexes, 
cerebellar function, and sensory responses.” 


Key points 


History in pediatrics 
E Identify caretaker 
E Privacy and confidentiality issues 
E Establish relationship with the child and the parent 
E Present illness and past medical history: 
Urologic symptoms 
Prenatal and neonatal history 
E ROS: 
Growth and development 
Pulmonary: 
Reactive airway disease 
Cardiac 
Gastrointestinal: 
Constipation 
Diarrhea 
Central nervous system: 
Seizure disorder, ADD 
E Family history 
E Social history 
Physical examination 
E Vital signs 
E The cooperative young child 
E The uncooperative child 
E Genital examination in the boy 
E Techniques for examination of the female external 
genitalia 
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Laboratory assessment of the 2 
pediatric urologic patient 


Paul F Austin and Erica J Traxel 


In general, laboratory assessment of the pediatric 
urologic patient is not as extensive as in the adult 
counterpart. Patients tend to be healthier and there 
are no recommended routine preoperative laboratory 
screening tests for pediatric urologic patients. How- 
ever, there are certain instances when laboratory 
examination in pediatric urology is invaluable. This 
chapter will outline the most common laboratory 
tests used in pediatric urology, demonstrating the 
clinical scenarios in which each test should be 


employed. 


Commonly ordered laboratory 
examinations 


Urinalysis and urine culture and 
sensitivity 


The most commonly utilized laboratory examinations 
in pediatric urology are urinalysis and urine culture 
and sensitivity. These urine tests are routinely ordered 
to identify a potential infection prior to invasive uro- 
logic procedures. A urinalysis with urine culture is 
also standard of care in investigating a fever of 
unknown origin in the infant. The prevalence of uri- 
nary tract infection (UTI) in pediatric patients with 
fever of unknown origin is 5%.! Ifa UTI is identified, 
the child requires more extensive testing to rule out 
further urologic pathology or anatomic abnormali- 
ties. 

When children present with symptoms suggestive 
of a UTI such as dysuria, genital pain, diurnal enure- 
sis, urgency, frequency, and urinary retention, it is 
important to understand that they may not have a 
UTI. These children may have a history of incomplete 
bladder emptying or a history of bladder and bowel 
holding termed ‘dysfunctional elimination’.? A urinal- 
ysis and urine culture can help to discriminate 


between UTIs and the irritative voiding symptoms 
inherent to this group. Dysfunctional eliminators may 
have irritative voiding symptoms secondary to their 
behavior but they also have a higher risk of UTIs. 
When a UTI is identified, antibiotic treatment is 
essential acutely, but behavioral modification is the 
mainstay of treatment for children with dysfunctional 
elimination.’ 

It should be noted that there are certain instances in 
which the urinalysis should be interpreted with cau- 
tion. In patients who perform clean intermittent 
catheterization, or who have undergone bladder 
reconstruction using intestinal segments, testing 
should be selective as a positive urinalysis in these 
patients may only represent colonization with bacte- 
ria. Antimicrobials are used when symptoms of infec- 
tion, such as dysuria, pelvic pressure, and fever, 
accompany a positive urinalysis and urine culture. 
Overtreatment, however, may lead to the develop- 
ment of highly resistant organisms. +6 

Additionally, the method of collection can impact 
interpretation of laboratory urine tests. For example, 
a pediatric ‘clean catch’ urine specimen may yield 
growth not necessarily representative of an infec- 
tious process. In our practice we are careful to inter- 
pret urine collected from bagged specimens. 
Although a bagged specimen is a useful, non-inva- 
sive method for collecting urine from a non-toilet- 
trained child, this method can easily have a 
false-positive growth secondary to contamination 
from bacteria colonized on the genital and perineal 
skin. It is helpful when the bagged specimen results 
are negative or if there is a single isolate on the cul- 
ture. It is also important to obtain both urinalysis 
and culture, as the absence of leukocytes in a speci- 
men with positive culture should make one suspect 
contamination. If it is unclear whether there is truly 
infection, the urine specimen may need recollection 
via catheterization. 
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Serum blood urea nitrogen and creatinine 


Serum blood urea nitrogen (BUN) and creatinine are 
frequently obtained as measures of renal function. 
When interpreting these tests, the clinician must be 
aware of the impact of the size of the child as well as 
their age. For example, the neonate’s renal function is 
a reflection of maternal renal function at birth and the 
creatinine levels remains similar to the maternal 
serum creatinine for the first several days of life prior 
to decreasing to normal infant levels. Premature 
neonates in particular will have higher levels of creati- 
nine and take longer to approach infant levels than 
full-term neonates. 

Serum BUN and creatinine yield insight into renal 
function both as a baseline marker and as a method of 
longitudinal monitoring. With the diagnosis of pre- 
natal and perinatal abnormalities, such as oligohy- 
dramnios (potentially secondary to bilateral renal 
agenesis, bilateral ureteropelvic junction (UPJ) 
obstruction, bilateral multicystic dysplastic kidney, or 
posterior urethral valves) or hydronephrosis (due to 
UPJ obstruction, congenital megaureter, posterior 
urethral valves, or vesicoureteral reflux), serum BUN 
and creatinine are important parameters that help 
determine the overall prognosis as well as monitoring 
therapeutic effectiveness. For example, a serum creati- 
nine of more than 1.0 mg/dl at 1 year of age in a child 
with a history of posterior urethral valves is associated 
with poor renal outcome.” Other high-risk patients 
that require close monitoring of serum creatinine 
include patients with renal scarring that can be associ- 
ated with vesicoureteral reflux® or with a neurogenic 


bladder.? 


Complete blood cell count and coagulation 
studies 


A complete blood cell count (CBC) and coagulation 
studies are not routinely obtained prior to most pedi- 
atric urology interventions. This is primarily due to 
the outpatient nature of pediatric urology procedures 
that are associated with low morbidity. There are cer- 
tain patient populations, however, for whom these 
hematologic laboratory tests are indicated. These 
include children with chronic anemia or coagulo- 
pathic tendencies. 

Important preoperative hematologic tests consist of 
a CBC, prothrombin time (PT), international nor- 
malized ratio (INR), and partial thromboplastin time 
(PTT). A lower than average hematocrit can be seen 
in children with sickle cell anemia and does not nec- 
essarily require intervention. If a value represents a 


significant change from baseline or if the patient is 
symptomatic or unstable, then hematologic interven- 
tion is recommended. Patients with von Willebrand 
disease will have poorly functioning platelets and pos- 
sibly deficient levels of von Willebrand factor (vWF) 
VI, with ensuing bleeding tendencies. In these 
patients it is advisable to obtain serum levels of VWE 
VI, vWF ristocetin cofactor activity (VWFRCo), 
bleeding time (BT), as well as a CBC, PT, and PTT. 
Oncology patients are often pancytopenic, and proce- 
dures should be coordinated with chemotherapy 
cycles and administration of colony-stimulating 
factors, in order to maximize preoperative blood 
counts and minimize the chances for bleeding and 
infection. Clinical practice guidelines for platelet 
transfusion in patients with cancer have recently been 
published by the American Society of Clinical Oncol- 
ogy! and are essentially the same for children as for 
adults. With respect to surgery, or invasive proce- 
dures, these guidelines state the following: in the 
absence of associated coagulation abnormalities, a 
platelet count of 40 000/ul to 50 000/ul is sufficient to 
perform major invasive procedures with safety. For 
minor procedures, a lower threshold of 10 000/ul to 
20 000/ul can be used.1°!! Jf platelet transfusions are 
administered before a procedure, it is critical that a 
post-transfusion platelet count be obtained to prove 
that the desired platelet count has been reached. 
Platelets should also be available on short notice in 
case intraoperative or postoperative bleeding occurs. 
In summary, hematologic values must be considered 
within the context of careful clinical evaluation of 
each individual patient as well as the morbidity of the 
surgical procedure. Good communication with the 
pediatric hematologist will help steer the appropriate 
laboratory testing. 


Common pediatric urologic clinical 
scenarios and requisite laboratory tests 


Hematuria 


When a child presents with hematuria, a number of 
tests are potentially indicated. Depending upon the 
degree of hematuria, and whether it is gross or micro- 
scopic, there are many potential etiologies (Table 
2.1). Most hematuria originates in the renal 
parenchyma and is termed nephrologic hematuria. It 
is incumbent on the urologist to distinguish nephro- 
logic bleeding from that caused by surgically signifi- 


cant sources. 
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Table 2.1 Differential diagnosis of hematuria in the 
pediatric population 


Glomerular origin 

IgA nephropathy 

Alport’s syndrome 

Benign familial hematuria 
Membranoproliferative glomerulonephritis 
Acute post-streptococcal glomerulonephritis 
Rapidly progressive glomerulonephritis 
Systemic lupus erythematosus 
Membranous nephropathy 
Henoch-Schonlein purpura 
Goodpasture’s disease 

Focal segmental glomerulosclerosis 


Interstitial and tubular origin 

Acute interstitial nephritis 

Acute pyelonephritis 

Tuberculosis 

Hematologic disorders: 
sickle cell disease, von Willebrand disease, 
renal vein thrombosis, thrombocytopenia 


Urinary tract origin 

Infection: 
bacterial or viral, such as adenovirus 

Nephrolithiasis 

Structural/congenital anomalies: 
UPJ obstruction, hydronephrosis, vascular 
malformation, polycystic kidney disease 

Trauma 

Tumors: 
renal cell carcinoma, Wilms’ tumor, transitional 
cell carcinoma 

Exercise 

Medications: 
aminoglycosides, amitriptyline, 
anticonvulsants, aspirin, Coumadin (warfarin), 
cyclophosphamide, diuretics, penicillin, 
Thorazine (chlorpromazine) 


Hematuria is often first noticed on a urine dipstick 
performed at the primary care office. A microscopic 
analysis of the urine should follow a positive dipstick. 
A freshly voided urine specimen should be used for 
this purpose. An approximately 10-15 ml aliquot of 
urine is spun in a centrifuge at 1500 rpm for about 
5 minutes. The supernatant is decanted, and the sedi- 
ment is resuspended in the remaining liquid and 
placed on a glass slide with a cover slip. Careful exam- 
ination of the urine sample is then conducted under 
high-power magnification. All noncellular and cellular 
elements seen should be noted and recorded. The 
presence of more than 5 red blood cells (RBCs) per 
high-powered field (hpf) is generally considered 
abnormal. The detection of RBC casts is indicative of 


a glomerulotubular source of hematuria (Figure 2.1). 
The absence of RBCs and RBC casts despite a posi- 
tive dipstick test is suggestive of hemoglobinuria or 
myoglobinuria. This is important because a positive 
urine dipstick for RBCs may have a completely nega- 
tive microscopic examination and thus represent a 
false-positive result. Microscopic abnormal-shaped 
RBCs or dysmorphic RBCs are more commonly 
associated with nephrologic causes of hematuria, and 
normal-shaped or eumorphic RBCs are more com- 
monly associated with urologic causes. The presence 
of proteinuria with dysmorphic RBCs further 
strengthens a nephrologic origin of the hematuria. 1? 

Another practical test for microscopic hematuria in 
the outpatient clinic is a ‘spot’ urine calcium/creati- 
nine ratio.!*"!5 A ratio of >0.21 on two or three 
separate urine samples indicates hypercalciuria, 
although ratios can be significantly higher in infants. 
Hypercalciuria does not necessarily result in 
nephrolithiasis but is a reported risk factor.!° A recent 
report indicates that the vast majority of children with 
hypercalciuria have a benign course and resolve with 
observation; therefore the rationale for doing this test 
routinely is less clear. 17-18 

It is important to note that the laboratory tests 
ordered for the evaluation of hematuria must be based 
on the clinical history and the physical examination. 
The physician should avoid automatically requesting 
tests that may be unnecessary. A panel of serum tests 
are selectively performed if renal and bladder sonog- 
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Figure 2.1 Red blood cell (RBC) casts. The RBCs are 
easily identified as biconcave disks embedded in the 
cast matrix. RBC casts are pathologic and their pres- 
ence is usually indicative of severe injury to the 
glomerulus. Occasionally, RBC casts may be seen in an 
individual who has been playing contact sports. The 
urine will usually return to normal within 24-48 hours. 
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raphy are negative and the urine microscopy suggests 
a nephrologic origin. These tests, which include CBC, 
basic metabolic panel, serum complement levels, anti- 
streptolysin O (ASO) titer, and antinuclear antibodies 
(Table 2.2), may subsequently indicate hematologic- 
or immunologic-mediated diseases affecting the 
kidney. 


Testicular mass 


A child presenting with a testicular mass should have 
testicular tumor markers obtained: these markers, 
including alpha-fetoprotein (AFP), human chorionic 
gonadotropin (HCG), lactate dehydrogenase (LDH), 
and placental alkaline phosphatase (PLAP), can be 
checked in the outpatient office setting or may be 
obtained in the operating room during the placement 
of the intravenous lines. These levels are important 
for staging as well as monitoring progress during 
treatment. 

A serum AFP level will be elevated in tumors con- 
taining some component of yolk sac tumor, which is 
the most common nonseminomatous germ cell tumor 
in children. It will not be present in histologically pure 
choriocarcinoma or seminoma. Of note, serum AFP 
level at birth is relatively high and will remain so for 
the first several months of life, due to the yolk sac ele- 
ments present during gestation (Table 2.3).1? Addi- 
tionally, AFP can be produced by the liver, pancreas, 
stomach, and lung; consequently, it may be elevated 
in diseases of these organs. In addition to ascertaining 
levels of tumor markers for testicular tumors, it is help- 
ful to check liver function tests, as an elevation in these 
could indicate metastatic disease to the liver, which 
may or may not be visible on imaging. 


Nephrolithiasis 


The prevalence of nephrolithiasis in children is much 
smaller than in the adult population?? and extensive 
laboratory assessment is recommended upon initial 
presentation. As opposed to the adult patient, 
nephrolithiasis in the pediatric population is more 


Table 2.2 Serum panel for nephrologic hematuria 


CBC 

Basic metabolic panel 

C3 complement level 
Antistreptolysin O (ASO) titer 
Antinuclear antibodies (ANA) 


Table 2.3 Average normal serum alpha-fetoprotein 


levels of infants 


Age Mean + SD (ng/ml) 
Premature 134,734 + 41,444 
Newborn 48,406 + 34,718 
Newborn to 2 weeks 33,113 £32503 
Newborn to 1 month 9,452 + 12,610 

2 weeks to 1 month 2,654 + 3,080 

2 months SH} ae DIRS} 

3 months 88 + 87 

4 months 74 + 56 

5 months 46.5 +19 

6 months 125 £9.8 

7 months 9E 

8 months 8.5 + 5.5 


likely attributable to a metabolic abnormality. In the 
office, a urine dipstick can be performed to measure 
the urine specific gravity and pH. Microscopic exam- 
ination of the spun urine can be performed to assess 
for RBCs and urinary crystals.2!?? Calcium oxalate 
dihydrate crystals are seen as colorless squares with 
intersecting lines (resembling an envelope) (Figure 
2.2). Calcium oxalate monohydrate crystals vary in 
size and may have a spindle, oval, or dumbbell shape. 
Most commonly, they appear as flat, elongated, 
hexagonal ‘fence picket’ crystals. Triple phosphate 
(struvite; magnesium ammonium phosphate) crystals 
usually appear as colorless, prism-like ‘coffin lids’ 
(Figure 2.3). Uric acid crystals may appear as yellow 
to brown rhombic plates, needles, or rosettes, 


Figure 2.2 Calcium oxalate crystals. Calcium oxalate 
crystals most frequently have an ‘envelope’ shape and 
appear in acid, neutral, or slightly alkaline urine. 
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Figure 2.3 Triple phosphate crystals. These crystals 
are common in urine sediment. Triple phosphate crys- 
tals have a ‘coffin-lid’ shape, are colorless, and appear 
in alkaline urine. These crystals may be found with 
struvite or magnesium ammonium phosphate stones. 


whereas cystine crystals have a characteristic hexago- 
nal appearance (Figure 2.4). 

Standard metabolic evaluation for pediatric 
nephrolithiasis includes serum tests and a 24-hour 
urine study (Table 2.4). A serum CBC, electrolytes, 
bicarbonate, calcium, phosphorus, BUN, creatinine, 
alkaline phosphatase, magnesium, and uric acid should 
be obtained. Elevated serum calcium suggests the pos- 
sibility of hyperparathyroidism and a serum intact 
parathyroid hormone level should subsequently be 
checked. A 24-hour urine collection should be 
obtained on a regular diet, to check calcium, phos- 
phorus, magnesium, oxalate, sodium, uric acid, citrate, 
cystine, creatinine, and volume.” The most common 
abnormalities seen on the 24-hour urine collection are 


Figure 2.4 Cystine crystals. Cystine crystals are thin, 
hexagonal-shaped (6-sided) structures and appear in 
urine of children with cystinuria. 


Table 2.4 Metabolic evaluation of pediatric 
nephrolithiasis 


Serum Urine — 24 hour 
CBC Volume 
Basic metabolic panel Calcium 
Calcium Oxalate 
Uric acid Citrate 
Magnesium Phosphorus 
Phosphorus Magnesium 
Alkaline phosphatase Sodium 
Uric acid 
Cysteine 


diminished urinary volume indicative of poor hydra- 
tion, hypocitraturia, and hypercalciuria.**+?7 


Intersex 


The first laboratory tests ordered after a careful his- 
tory and physical examination should be electrolyte 
assessment, a karyotype, and serum 17-hydroxyprog- 
esterone (17-OH progesterone) levels. Obtaining 
electrolytes is important to identify any metabolic 
imbalances such as ‘salt-wasting’ seen in congenital 
adrenal hyperplasia (CAH) that would require 
prompt intervention. Serum 17-OH progesterone is 
obtained early because elevated levels identify CAH, 
which is the most common intersex condition. For- 
merly, the child’s karyotype was obtained by a buccal 
smear but is now obtained by chromosome analysis of 
peripheral blood lymphocytes. A fluorescent in-situ 
hybridization (FISH) analysis may be done in con- 
junction with the chromosome analysis for rapid eval- 
uation of sex chromosome presence. Although the 
FISH results will yield a karyotype within 24 hours, 
these results need verification from the formal 
chromosome analysis which takes 2-3 days. Further 
testing will then be directed accordingly (see Chapter 
61). 


Cryptorchidism 


Nonpalpable testis in association with hypospadias 
requires an intersex work-up. Unilateral nonpalpable 
testis in the presence of normal external genitalia does 
not require additional laboratory investigation, 
although a newborn with bilateral nonpalpable testes 
and normal male genitalia must be evaluated for 
female pseudohermaphroditism due to CAH. Deter- 
mination of the presence or absence of the unilateral 
undescended testicle is accomplished via surgical 
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exploration or diagnostic laparoscopy. In the case of 
bilateral, non-palpable undescended testes in an older 
child, further laboratory assessment can be done to 
ascertain the presence of testicular tissue. 

A karyotype should be performed as well as mea- 
surement of serum testosterone in cases of bilateral, 
nonpalpable cryptorchidism. Additionally, the serum 
gonadotropins, follicle-stimulating hormone (FSH) 
and luteinizing hormone (LH), can be measured and 
if these are elevated in the face of low testosterone, this 
is suggestive of anorchia.7® It is important to note that 
serum testosterone is normally elevated during infancy 
in the neonate, at 2-3 months of age as well as at 
puberty. Subsequently, serum testosterone can be 
measured in the neonate or during this natural surge 
of infancy. If this window of opportunity is missed or 
if evaluation is being done in the newborn period, then 
either a human chorionic gonadotropin (HCG) stim- 
ulation test may be obtained or a measurement of 
serum Müllerian inhibiting substance (MIS). 

The level of serum MIS produced by the Sertoli cell 
is the most sensitive indicator of testicular pres- 
ence,?”30 but unfortunately the enzyme-linked 
immunosorbent assays (ELISAs) are not readily avail- 
able in many centers. Subsequently, an HCG stimula- 
tion test is more frequently obtained. Several methods 
of HCG stimulation have been described.*!32 One 
method is to administer HCG intramuscularly 
(100 IU/kg or 5000 IU/1.7 m?) one time and mea- 
sure serum testosterone and dihydrotestosterone 72 
and 96 hours later.*! Another method involves three 
intramuscular injections of HCG on successive days at 
a daily dose dependent on the child’s age (<1 year old, 
500 units; 1-10 years old, 1000 units; 210 years old, 
1500 units).2 The HCG should stimulate testicular 
Leydig cells, if present, to produce testosterone, 
resulting in a level >200 ng/dl. If there is an appro- 
priate increase in testosterone, then some functioning 
testicular tissue is present. If there is no response to 
HCG, then presumably the child is anorchid. How- 
ever, there is also the possibility of Leydig cell dys- 
function, in that the Leydig cells do not respond 
appropriately to HCG. For this reason, many pedi- 
atric urologists still perform exploratory surgery, 
regardless of laboratory results. 


Nocturnal enuresis 


Screening tests for nocturnal enuresis are necessary to 
rule out any organic etiology.** These tests include a 
urinalysis or urine dipstick to assess the urine specific 
gravity and the presence of glucose. If the specific 


gravity on the urinalysis is low, correlating to dilute 
urine, the possibility of diabetes insipidus (DI) is sug- 
gested. If the urinalysis or urine dipstick demonstrates 
large amounts of glucose, diabetes mellitus (DM) 
may be present. Subsequent work-up and testing can 
then be tailored accordingly. 
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David F M Thomas 


Introduction 


The era of prenatal diagnosis dates from the late 
1970s when case reports of the prenatal detection of 
urologic malformations first began to appear in the 
literature. Since that time prenatal diagnosis has 
rapidly become an established and routine feature of 
clinical pediatric urology throughout the developed 
world. Many aspects of prenatal diagnosis and the 
natural history of urinary tract malformations have 
been clarified by studies published in the last two 
decades, but some important questions relating to 
long-term outcomes remain unresolved. A detailed 
consideration of the investigation and practical man- 
agement of the various anomalies detected by prena- 
tal ultrasonography is detailed in the relevant chapters 
elsewhere in this book. This chapter will therefore 
focus predominantly on the following areas of fetal 
and perinatal urology: 


E pathophysiology of urinary tract malformations 

E current status of fetal intervention 

E value of prenatal ultrasound in screening 

E a rational approach to early postnatal investigation 
E significance of mild dilatation (‘pyelectasis’) 


Functional development of the normal 
urinary tract 


Detailed embryology is beyond the scope of this 
chapter, and is covered elsewhere. A pivotal event in 
functional development occurs at around 32 days of 
gestation when the ureteric bud fuses with the 
metanephric mesenchyme to initiate the formation of 
excretory nephrons. Nephrogenesis proceeds by a 
process of reciprocal induction until the 36th week of 
pregnancy, with the glomeruli, proximal tubules, and 
loops of Henle being derived from the metanephros, 
whereas the collecting ducts, calyces, and renal pelvis 
are derivatives of the ureteric bud. In man, nephroge- 


nesis ceases at 36 weeks, and thereafter the number of 
nephrons remains fixed at between 0.7 and 1 million 
per kidney. Major developmental defects dating from 
the first trimester of gestation are characterized by 
agenesis or dysplasia (arrested differentiation that is 
characterized histologically by immature tubules and 
the presence of aberrant mesenchymal derivatives 
such as smooth muscle and cartilage). 


Urine production and excretory 
function 


The primitive nephrons begin to excrete urine at 
around the 9th week of gestation. Initially, its com- 
position resembles an ultrafiltrate of plasma, but as 
gestation progresses and tubular function matures, 
fetal urine begins to acquire the low electrolyte, high 
creatinine composition that characterizes normal 
urine in postnatal life.! Fetal urinary output at differ- 
ent stages in gestation has been documented by ultra- 
sonography of the fetal bladder in healthy fetuses. By 
the third trimester, the hourly fetal urine production 
is as high as 30-40 ml/h and it constitutes around 
90% of the amniotic fluid? (Figure 3.1). In the fetus 
the role of the kidney lies principally in fluid excre- 
tion, since homeostatic regulation of extracellular 
fluid composition is undertaken by the placenta. For 
this reason, creatinine clearance does not provide a 
meaningful measure of fetal renal function. However, 
extrapolation of values derived from iothalamate 
studies in the fetal lamb suggest that the fetal 
glomerular filtration rate (GFR) at 36 weeks of gesta- 
tion approximates to only 5% of the surface corrected 
adult value.’ 


The kidney lung loop 


Amniotic fluid, of which fetal urine is the major con- 
stituent, has long been recognized as playing a critical 
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Figure 3.1 Fetal urine production at difference stages in normal pregnancy. (Adapted from Rabinowitz et al.?) 


role in lung development, and reduced amniotic fluid 
volume (oligohydramnios) is associated with varying 
degrees of pulmonary hypoplasia depending upon the 
timing and severity of the reduction in fetal urinary 
output. The role of amniotic fluid in promoting lung 
development probably beyond simple 
mechanical stenting of the airways, and renal-derived 
growth factors and other active agents are thought to 
be implicated in the regulation of early lung develop- 
ment.* 


extends 


Changes at the time of birth 


In the later stages of pregnancy, the fetus maintains a 
physiologic state of volume expansion. A high fluid 
intake of swallowed amniotic fluid is matched by a 
high obligatory urine output. If a comparable diuresis 
was maintained after birth, dehydration and volume 
depletion would rapidly supervene, but at the time of 
delivery, renal physiology rapidly switches to a fluid- 
restrictive mode, prompted in part by high circulating 
of aldosterone, vasopressin, and cate- 
cholamines. In addition, parenchymal perfusion and 
GFR increase dramatically in response to a fall in 
peripheral and greatly 
increased renal perfusion. But, despite these adaptive 
changes, renal function remains marginal, with a cor- 
rected GFR at birth averaging only 30 ml/1.73 m?. It 
is not until after 2 years of age that the GFR reaches 
the normal surface corrected adult value of approxi- 
mately 125 ml/1.73 m2.5 


levels 


renovascular resistance 


Pathophysiology of fetal uropathy 


Defective nephrogenesis 


Experimental ablation of the mesonephric duct (the 
origin of the ureteric bud) results in ipsilateral renal 
agenesis. 

Renal dysplasia can be caused by a number of dif- 
ferent mechanisms, including defective interaction 
between the ureteric bud and metanephric mes- 
enchyme, intrinsic defects of differentiation, and a 
variety of extrinsic insults, notably obstruction. The 
classic observational studies of Mackie and Stephens® 
demonstrated the association between ureteral 
ectopia, faulty induction of nephrogenesis, and renal 
dysplasia in duplex systems. This ‘ureteric bud 
hypothesis’ can also be invoked to explain the associ- 
ation between renal dysplasia and high-grade reflux 
associated with ureteric ectopia. 

More recently, studies using targeted gene ablation 
in ‘knockout’ mice have successfully reproduced a 
range of congenital abnormalities of the kidney and 
urinary tracts (CAKUT). Targeted mutations of the 
AGTR2,’ PAX2,° and UP3? genes have been shown 
to give rise to congenital anomalies, including vesi- 
coureteral reflux (VUR), with varying degrees of pen- 
etrance in experimental rodents. But while mutations 
of these and other genes have sometimes been impli- 
cated in the causation of urinary tract anomalies form- 
ing part of specific syndromes,!° screening studies in 
children with isolated, non-syndromic urologic abnor- 
malities have been almost entirely unrewarding.!! 
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Fetal urinary tract obstruction 
Upper tract 


Experimentally, even brief periods of obstruction 
during nephrogenesis have been shown to induce 
apoptosis, aberrations of cell proliferation, and trans- 
differentiation of mesenchyme into the phenotypes 
that characterize renal dysplasia. Gene expression is 
also disrupted by obstruction.!? However, the results 
of experimentally created obstruction in animal 
models must be interpreted with some caution in 
view of the difficulty in reproducing a model of 
chronic, partial upper tract obstruction — the pattern 
most commonly encountered in clinical practice. 


Lower tract: bladder outlet obstruction 


Experimentally induced infravesical obstruction was 
extensively studied by Harrison and his colleagues in 
San Francisco in the 1980s.!% For example, these 
authors induced partial urethral obstruction in fetal 
lambs at 93-107 days of gestation. They then showed 
that the hydronephrosis, urinary ascites, and fatal pul- 
monary hypoplasia which ensued in untreated fetal 
lambs was reversed when the obstructed bladder was 
subsequently decompressed in utero. These and other 
studies underpinned the scientific rationale for intro- 
ducing intrauterine bladder drainage in clinical prac- 
tice. Unfortunately, subsequent experience with fetal 
intervention in the clinical setting suggests that some 
of the findings in the fetal lamb model may not trans- 
late to man. The current status of fetal intervention is 
considered in more detail below. 


Fetal vesicoureteral reflux 


The pattern of severe damage associated with grade V 
reflux can reasonably be ascribed to dysplasia result- 
ing from a ureteric bud defect. By contrast, kidneys 
exposed to mild or moderate reflux in utero often 
appear normal or show global reduction in size with 
smooth outline (hypoplasia) on technetium 99m 
(°°™Tc) dimercaptosuccinic acid (DMSA) imaging. 
Focal scarring is predominantly a feature of postnatal 
infection. !4 

Very little is known of the mechanisms of renal 
damage seen in conjunction with sterile fetal reflux 
but in one fetal lamb model, experimentally induced 
VUR has been shown to exert significant changes on 
tubular function and on postnatal DMSA appearances 
of the kidneys.!* In addition, clinical evidence is accu- 
mulating to indicate that even in the absence of infec- 
tion high-grade bilateral primary reflux in males 


carries a greater risk of renal impairment than was 
previously recognized.!° While the ‘water hammer’ 
effect of sterile urine has been largely discounted as a 
cause of ongoing postnatal renal damage, this mecha- 
nism may exert a more significant impact in the fetus. 


Fetal intervention 


In contrast to the evidence-based approach developed 
by Harrison’s group in San Francisco, obstetricians in 
many other centers enthusiastically adopted fetal 
intervention on an uncritical and unreported basis in 
the 1980s. Where results were published, they were 
uniformly disappointing. The Fetal Surgery Regis- 
ter!” reported an overall mortality rate of 59% in 73 
fetuses — but this was probably an overoptimistic 
assessment, since an accurate urologic diagnosis was 
not established in many cases. By the end of the 
1980s, enthusiasm for fetal intervention was waning. 
Mandell et al!® identified 24 related publications 
between 1982 and 1985, but only 7 publications 
between 1985 and 1989, of which two were single- 
case reports. Although bladder decompression was 
initially achieved by open fetal surgery, this was soon 
abandoned in favor of vesicoamniotic shunting using 
an ultrasound-guided suprapubic pigtail catheter!? 
(Figure 3.2). This remains the favored approach, 


Figure 3.2 Complication of vesicoamniotic shunting. A 
postnatal contrast study reveals intraperitoneal place- 
ment of shunt with extravasation of contrast and uri- 


nary ascites. Despite shunting, this neonate 


succumbed to pulmonary hypoplasia. 
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although fetoscopy and intrauterine valve ablation 
have also been described.?? Medium- to long-term 
outcome results have been reported by some centers 
which continue to undertake fetal intervention on a 
responsible and audited basis. In Detroit, Freedman 
and associates?! documented the outcome of vesico- 
amniotic shunting in 34 fetuses treated during the 
period 1987-1996. Of these, only 17 survived to 
term, of whom 14 were assessed after 2 years mini- 
mum follow-up. Eight of these 14 children had 
already progressed into end-stage renal failure and 5 
had been transplanted at the time of the study. Thus, 
of the original total of 34 shunted fetuses, only 6 were 
alive with normal renal function when assessed after 2 
years of age. In another long-term study, the San 
Francisco group? analyzed the late outcome of 36 
fetuses treated in the period 1981-1999. All had been 
selected for treatment on the basis of favorable uri- 
nary biochemistry. Of the 36 treated fetuses, 14 had a 
diagnosis of posterior urethral valves — of whom 6 did 
not survive to term. However, 8 infants with prena- 
tally detected urethral valves treated in utero did sur- 
vive and were evaluated at the mean of 11.6 years — 
when 5 were in renal failure. In all, only 3 (21%) of 
the 14 fetuses with posterior urethral valves survived 
with normal renal function. From a meta-analysis of 
published series totaling 342 fetuses, Clark et al?’ 
concluded that ‘amongst controlled studies bladder 
drainage appeared to improve perinatal survival rela- 
tive to no drainage.’ Nevertheless, these authors cau- 
tioned that this positive conclusion might be 
influenced by a subgroup of fetuses with poor prog- 
nosis who had experienced a particular benefit in 
terms of early survival. 

In summary, if survival is taken as the endpoint, 
there is reasonable evidence that intrauterine inter- 
vention (‘fetal surgery’) is effective, probably by facil- 
itating lung development. Unfortunately, this does 
not appear to be true of renal development, since a 
high proportion of infants who have been treated in 
utero nevertheless progress rapidly into end-stage 
renal failure — with significant implications for their 
quality of survival in childhood and later life. 


Prognostic indicators: selection for fetal 
intervention 


Ultrasound 


Bladder dilatation, regardless of the underlying cause, 
tends to carry a poor prognosis when detected before 
24 weeks of gestation. A study in the author’s unit 
demonstrated a marked difference in outcome 


between boys with prenatally detected posterior ure- 
thral valves identified before 24 weeks of gestation 
when compared with boys whose second trimester 
scans were normal and dilatation only became appar- 
ent on scans in later pregnancy. In the first group, 
24% of boys died of pulmonary or renal failure fol- 
lowing delivery and a further 29% progressed into 
early-onset renal failure. By contrast, when the second 
trimester scan was normal, none of the boys with pos- 
terior urethral valves succumbed in infancy and 93% 
had normal renal function at the time of follow-up.7+ 
A high risk of poor prognosis and early-onset renal 
failure can be predicted from the following features: 


1 Detection of dilatation before 24 weeks of gestation. 

2 Male fetus. 

3 Distended and/or thick-walled bladder. 

4 Moderate or severe upper tract dilatation: corre- 
sponding to renal pelvic anteroposterior (AP) 
diameter of >10 mm before 24 weeks of gestation. 

5 Abnormal renal parenchyma: microcystic or 
‘bright’ parenchyma on ultrasound. 


6 Oligohydramnios. 


Biochemical markers 


Since measures of renal function such as creatinine 
clearance are invalid in the fetus, the assessment of 
fetal renal function has relied mainly on analysis of 
biochemical markers in the fetal urine. 

Urinary constituents that have been identified as 
predictors of poor functional outcome include a uri- 
nary sodium of >100 mEq/L after 20 weeks of gesta- 
tion, elevated urinary calcium (>1.2 mmol/L), and 
elevated levels of urinary 8, microglobulin.*® 
Although serial sampling improves prognostic sensi- 
tivity, specificity is often poor, with considerable scat- 
ter and overlap of normal and abnormal values. 
Nicolini and Spelzini?® have documented instances of 
fetuses with significant renal dysplasia where the ini- 
tial urinary parameters were normal but then deterio- 
rated progressively throughout the pregnancy. In the 
hope of improving sensitivity, attention has switched 
from markers of excretory renal function to molecules 
which are expressed during renal differentiation and 
which are regulated in renal dysplasia, such as trans- 
forming growth factor-B, (TGEF-B,).?7 


Summary: current status of fetal 
intervention 


Long-term outcome studies and a growing body of 
anecdotal evidence indicate that fetal intervention 
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does have the potential to increase survival by reduc- 
ing the risk of pulmonary hyperplasia. By contrast, 
there is very little evidence that the prognosis for renal 
function is significantly improved by fetal interven- 
tion — probably because this is largely determined by 
dysplasia which predates diagnosis and treatment. 
Indeed, it seems highly likely that some infants who 
might otherwise have succumbed to pulmonary 
hypoplasia have survived as a result of fetal interven- 
tion only to progress rapidly into end-stage renal fail- 
ure in infancy or early childhood. Ransley?® has 
consistently argued that our perception of fetal inter- 
vention has been colored by poor outcomes in bad 
prognosis cases and has suggested that the potential 
benefits of fetal intervention might be more apparent 
if it was extended to include all male fetuses with evi- 
dence of outflow obstruction in the second trimester. 
Unfortunately, it would require a prospective con- 
trolled study extending over many years to put 
Ransley’s hypothesis to the test, since the full extent 
of renal insufficiency associated with congenital out- 
flow obstruction is often not apparent until late child- 
hood or adolescence. In addition, one might anticipate 
that parents who have been fully counseled on the 
implications of renal failure (dialysis, repeated hospi- 
talization, transplantation including the likely require- 
ment for a second transplant), would opt either for 
fetal intervention or termination of pregnancy rather 
than participate in the control arm of any study. 


Screening for urologic anomalies 


In countries with comprehensive healthcare systems 
the overwhelming majority of women are scanned by 


ultrasound at least once in pregnancy. Screening 
occurs at two levels: first, as part of formal screening 
for major fetal anomalies; and secondly, as an infor- 
mal, ad-hoc screening process in which urinary tract 
anomalies are detected incidentally during the course 
of the third trimester scanning — usually for obstetric 
indications. 

Nuchal pad transluscency is being used increasingly 
for screening at 10-12 weeks of gestation in high-risk 
pregnancies, particularly for Down syndrome. 
Although some structural abnormalities can be 
detected at this stage in gestation, the urinary tract is 
barely functional and the sensitivity of ultrasound for 
the detection of urinary tract anomalies in the general 
fetal population is unacceptably low. 


Fetal anomaly screening 


By contrast, the diagnositic sensitivity of ultrasonog- 
raphy is greatly increased by 17—20 weeks, the time 
when fetal anomaly scanning is routinely undertaken 
in the United Kingdom. In a 3% year prospective 
study in the Yorkshire region, 2261 anomalies were 
identified on ultrasound, of which 369 (16%) 
prompted termination of pregnancy.?? Autopsy and 
cytogenetic evaluation was performed in 97% of 
aborted fetuses. Central nervous system malformation 
accounted for almost 50% of terminations, whereas 
the genitourinary tract was the second most com- 
monly affected system, accounting for 35 (9.5%) of 
the 369 terminations. Bilateral renal agenesis and 
multicystic renal dysplasia (Figure 3.3) were the most 
common lethal anomalies, followed by urethral 
obstruction and polycystic kidneys. No false-positive 
results were encountered, confirming a high level of 


Figure 3.3 Bilateral multicystic renal dysplasia: autopsy findings following termination of pregnancy. 
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specificity for second trimester fetal anomaly screen- 
ing for the detection of major urinary tract malforma- 
tions. 

Scott?? analyzed 560 deaths in 2857 fetuses, 
neonates, and infants with urinary tract anomalies 
during a 6-year period in the Northern Region Con- 
genital Abnormality Survey in the UK. 

Of these 560 deaths, 68% occurred in utero (ter- 
mination of pregnancy, intrauterine death, and still- 
birth), whereas 32% occurred postnatally, most 
commonly from pulmonary hypoplasia. 


Termination of pregnancy 


Attitudes to termination of pregnancy (‘therapeutic 
abortion’) for severe congenital anomalies vary 
considerably between different countries. In most 
western European countries, including those that 
espouse Roman Catholicism, termination of preg- 
nancy for fetal anomalies is legal (subject to gesta- 
tional age and obstetric criteria), and is widely 
practiced. The situation is somewhat different in the 
United States where access to antenatal care (includ- 
ing second trimester ultrasonography), is more lim- 
ited in certain socioeconomic groups and where 
abortion is a more divisive political issue. 

Termination of pregnancy is already exerting a 
striking impact on pediatric urologic practice. Cromie 
et al*! documented the outcome of 163431 preg- 
nancies recorded on the malformation surveillance 
program in Boston between 1974 and 1994. These 
authors found that elective termination of pregnancy 
had been undertaken in 65% of pregnancies following 
detection of myelomeningocele, 46% of pregnancies 
following prenatal diagnosis of posterior urethral 
valves, 31% for prune belly syndrome and 25% for 
bladder exstrophy. In the UK, termination of preg- 
nancy is almost certainly being undertaken on a com- 
parable or greater scale. The numbers of newborn 
infants being born with open spina bifida has declined 
dramatically over the last two decades and it is 
increasingly rare to encounter new cases of prune- 
belly syndrome (Figure 3.4). Similarly, the numbers 
of newborns with severe but nonlethal and potentially 
reconstructable anomalies such as ‘classical’ bladder 
exstrophy or cloacal exstrophy (Figure 3.5) are 
rapidly declining. As a consequence of the diminish- 
ing bladder exstrophy workload only two referral 
centers in England and Wales are now authorized to 
treat new cases. 

Males with obstructive uropathy (predominantly 
posterior urethral valves) account for up to 90% of 


Figure 3.4 Newborn infant with characteristic features 
of prune belly syndrome, which is a disappearing dis- 
order. Most major centers report a dramatic decline in 
incidence following the advent of prenatal diagnosis 
and termination of pregnancy. 


children aged 0-4 years old requiring renal replace- 
ment therapy (dialysis and/or transplantation).*? 
These individuals can now be identified with consid- 
erable accuracy in the second trimester, and if parents 
were to opt increasingly for termination of pregnancy 
this would be reflected in declining numbers of chil- 
dren on end-stage renal failure programs in the first 
5 years of life. In turn, this would have implications 
for pediatric nephrology workload. 


Screening for nonlethal uropathies 


The increasing use of ultrasound for a variety of 
obstetric indications in the third trimester constitutes 
a further, informal means of detecting urologic 
abnormalities. 

But whereas ultrasonography detects severe, poten- 
tially lethal anomalies with a high degree of sensitiv- 
ity it is far less reliable for detecting anomalies of 
mild to moderate severity. The diagnostic sensitivity 
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Figure 3.5 Cloacal exstrophy. Although cloacal and 
uncomplicated forms of bladder exstrophy are not 
generally associated with a significant risk of renal fail- 
ure, prenatal diagnosis and possible termination of 
pregnancy raise serious ethical issues relating to qual- 
ity of life. 


of the ultrasound finding of isolated upper tract 
dilatation (‘fetal hydronephrosis’) is low, since these 
appearances may denote active obstruction, non- 
obstructive dilatation, a simple anatomic abnormality 
(‘extrarenal pelvis’), or VUR. Ureteral dilatation may 
be due to reflux, obstructive or non-obstructive 
megaureter, or upper tract changes due to bladder 
dysfunction or infravesical obstruction. In the major- 
ity of instances, therefore, it is impossible to establish 
a definitive urologic diagnosis without the additional 
information provided by appropriate postnatal 
imaging. However, unilateral multicystic dysplastic 
kidney and duplex kidney are examples of anomalies 
which can be diagnosed with reasonable certainty — 
although confirmatory postnatal imaging is still 
required. 


Defining ‘pathologic’ dilatation 


Many studies have tried to establish a predictive ‘cut- 
off? value for the AP diameter of the renal pelvis 
which is indicative of clinically significant pathology. 
Although 1 cm has been widely used, Livera et al?4 
found that fewer than 50% of infants with this degree 


of dilatation detected at 28 weeks subsequently 
proved to have significant pathology. 

Scott and Renwick*+ undertook a comprehensive 
analysis of 1301 fetal renal pelvic measurements at 
different gestational ages and correlated the values 
with postnatal outcomes. These authors concluded 
that ‘a measurement of the fetal renal pelvis of 7 mm 
or greater at gestational age of 18 weeks is a strong 
indication that the urinary tract may be abnormal and 
should be carefully observed during the later stages of 
pregnancy.’ In the author’s unit, a study of 35 chil- 
dren with prenatally detected ureteropelvic junction 
(UPJ) obstruction demonstrated a broad correlation 
between the AP diameter of the renal pelvis in the 
second trimester and the severity of functional impair- 
ment on postnatal renography.*° However, this only 
reached statistical significance in a small group of kid- 
neys with an AP diameter >15 mm in the second 
trimester (in which postnatal mean differential func- 
tion was reduced to 26.5%), whereas in the AP diam- 
eter range 6-15 mm (the range most commonly 
encountered in clinical practice) the predictive value 
was less consistent, with considerable scatter of values 
for postnatal function. 

Dhillon et al found that when the AP diameter 
was <15 mm, this measurement had a strong negative 
predictive value, since the risk of functional deteriora- 
tion due to UPJ obstruction was only 2% (Table 3.1). 

To summarize, severe dilatation confined to the 
renal collecting system, particularly when detected in 
the second trimester, is a reasonably sensitive predic- 
tor of significant obstruction. However, by the later 
stages of pregnancy the risk of obstruction causing 
functional impairment is largely confined to those 
kidneys with an AP diameter >15 mm. 


Postnatal evaluation: general 
considerations 


The most immediate threat faced by a newborn infant 
with a urologic abnormality is urinary infection — par- 
ticularly when this is associated with outflow obstruc- 
tion or high-grade reflux. Initial investigation should 
therefore be aimed at identifying infants at greatest 
risk, principally boys with posterior urethral valves or 
high-grade primary reflux. On the other hand, the 
importance of identifying the relatively small propor- 
tion of infants with serious pathology must be bal- 
anced by the need to avoid submitting large numbers 
of healthy asymptomatic infants to needless and often 
invasive investigations. A selective approach is 
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Table 3.1 Prenatally detected ureteropelvic junction obstruction: correlation between maximum recorded 
anteroposterior (AP) diameter of renal pelvis and likelihood of impaired differential function on initial postnatal 
evaluation or during follow-up 


required, guided initially by the pre- and postnatal 
ultrasound findings. 


Ultrasonography 


Since the urinary output of newborn infants is 
reduced in the first 24 hours of life, it is generally rec- 
ommended that ultrasonography is deferred for 
24-48 hours until a more physiologic urinary output 
has been re-established. Although this remains the 
ideal, the risk of missing significant pathology as 
opposed to mild dilatational reflux has probably been 
overstated. Moreover, with the trend to earlier hospi- 
tal discharge following delivery, this optimal timing 
may not be feasible. In the author’s view, the princi- 
pal indications for an early (2448 hours) scan prior 
to discharge are as follows: 


1 Distended and/or thick-walled bladder, bilateral upper 
tract dilatation, ureteral dilatation. These prenatal 
ultrasound findings suggest lower urinary tract 
obstruction. Relevant clinical findings may also be 
present, such as a palpable bladder or poor urinary 
stream. 

2 Bilateral renal dilatation without bladder or ureteral 
dilatation. These findings are of greater significance 
in males, in whom they may denote posterior ure- 
thral valves or high-grade primary reflux. Never- 
theless, ultrasound imaging can reasonably be 
deferred until 3-7 days of age if it is not feasible to 
proceed to imaging in the first 48 hours of life. 


Where prenatal ultrasonography has demonstrated 
isolated unilateral renal dilatation, a duplex kidney, or 
a unilateral multicystic dysplastic kidney with a normal 
contralateral kidney, the initial postnatal scan can rea- 


sonably be deferred for up to 10-14 days, although a 
scan between 3 and 7 days remains preferable. 

Formal measurement of the anteroposterior diame- 
ter of the renal pelvis is now routinely performed in 
most specialist centers. Although influenced by the 
state of hydration and other factors, measurement of 
the AP diameter is still preferable to subjective 
descriptions such as ‘mild’ or ‘moderate’ dilatation, 
‘fulP or ‘baggy’ renal pelvis, etc. The grading system 
developed by the Society for Fetal Urology (SFU)%” 
encompasses the appearances of the collecting system, 
‘central renal complex’ and renal parenchymal thick- 
ness (Table 3.2), and these aspects of the ultrasono- 
graphic appearances should still be documented even 
if the formal SFU protocol is not followed. Evidence 
of ureteral dilatation should be sought and the blad- 
der should be assessed for features such increased wall 
thickness and postvoid residual. 


Voiding cystourethrography 


Although opinion remains divided on the precise role 
of voiding cystourethrography (VCU) in postnatal 
evaluation, there is a growing consensus in many spe- 
cialist units that a VCU is no longer mandatory in 
infants with isolated unilateral renal pelvic dilatation. 
A more selective approach has the benefit of reducing 
the numbers of healthy children subjected to an 
unnecessary and invasive investigation. In the author’s 
practice the indications for an early VCU are as fol- 
lows: 


1 Abnormal appearances of the bladder — particularly 
thick-walled bladder or other evidence of outflow 
obstruction (e.g. ‘keyhole’ configuration indicative 
of posterior urethral valves). 
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Table 3.2 Classification of prenatal hydronephrosis (Society for Fetal Urology) 


Renal image 


Grade of hydronephrosis 


Central renal complex (intrarenal pelvis, calices) 


Renal parenchymal 


thickness 
0 Intact Normal 
1 Slight splitting Normal 
2 Evident splitting, complex confined within renal border Normal 
34 Wide splitting, pelvis dilated outside renal border, 
and calices uniformly dilated Normal 
4 Further dilatation of pelvis and calices (calices may Thin 


appear convex) 


Grade of ureteral dilatation (UD Gr) 


UD Gr Diameter of ureter (mm) 
1 <7) 
2 7-10 
3 >10 


aAn extrarenal pelvis extending outside the renal border which is not accompanied by caliceal dilatation 


corresponds to grade 2 hydronephrosis. 


The grading system was devised as a guide to postnatal assessment but can also be used in the third 
trimester to counsel parents on the clinical significance, or otherwise, of prenatal sonogram findings. 


From Maizels et al.37 


2 Ureteral dilatation visualized on either pre- or 
postnatal ultrasound. 

3 Duplex kidneys — in view of the high incidence of 
lower pole reflux. 

4 Bilateral upper tract dilatation in a male fetus or 
infant. 


Voiding cystourethrography should always be 
undertaken under antibiotic cover using a catheter or 
feeding tube — which should be left in the bladder 
when urethral obstruction is demonstrated. If there is 
already strong presumptive evidence of posterior ure- 
thral valves, it may be advantageous to perform the 
VCU via a percutaneously inserted neonatal supra- 
pubic catheter. 


Antibiotic prophylaxis 


There is very little evidence on which to base reliable 
guidelines. As a rule, however, antibiotic prophylaxis 
is a prudent precaution for all newborn infants with 
prenatally detected uropathies, pending the outcome 
of postnatal investigations (particularly VCU). How- 
ever, antibiotic prophylaxis may not be required for 


the following, although it is still generally prescribed: 


E isolated renal dilatation with an AP diameter of 
10 mm or less 

E unilateral multicystic dysplastic kidney with a 
normal contralateral kidney and no evidence of 
contralateral or ipsilateral ureteric dilatation 

E an ectopic but otherwise normal kidney. 


Isotope imaging 


By contrast to infection, obstruction per se rarely 
poses an urgent threat and thus the information pro- 
vided by functional imaging does not usually influ- 
ence immediate management. 99mTc DMSA is best 
suited for confirming total absence of function in a 
multicystic dysplastic kidney or for documenting dif- 
ferential function and patterns of parenchymal 
damage associated with VUR. Dynamic renography 
with 9™Tc mercaptoacetyltriglycine (MAG3) is used 
primarily for the diagnosis of obstruction. Whereas 
furosemide washout is an essential element of the 
study, the interpretation of drainage curves is often 
problematic in young infants during the period of 
‘transitional’ renal function. 

Since the information derived from diuretic renog- 
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raphy is rarely crucial in the first few weeks or months 
of life, this investigation can generally be deferred for 
4-6 weeks, when the results can be interpreted more 
reliably. 


Suggested protocols for postnatal imaging 


Suggested protocols for postnatal imaging are illus- 
trated in Figures 3.6-3.9. The investigative pathway 
is determined initially by pre- and postnatal ultra- 
sound findings and it may occasionally be necessary to 
switch to a different plan of imaging if the original 
diagnosis is revised in the light of further information. 


Commonly prenatally detected 
uropathies 


A detailed consideration of the investigation and 
management of individual urinary tract malforma- 
tions appears elsewhere in the relevant chapters of this 
book but some of the key points can be briefly sum- 
marized as follows. 


Ureteropelvic junction obstruction 


The management of prenatally detected UPJ obstruc- 
tion has generated considerable controversy and the 


evolution of a more selective approach to surgery can 
be largely credited to Ransley’s group*? and Koff.*° 
In addition to documenting the potential for the con- 
dition to resolve spontaneously, these and other 
authors have confirmed the relative safety of selective 
conservative management. Some of the more consis- 
tent themes to emerge from the literature are: 


l Significant loss of function which has occurred in 
utero does not usually recover despite relief of 
obstruction by pyeloplasty. 

2 The probability of significant functional impair- 
ment at the time of birth or the subsequent risk of 
functional deterioration is linked to the severity of 
dilatation, with the risk of functional impairment 
being <10% where the AP diameter of the renal 
pelvis is <20 mm. 

3 Conversely, an AP diameter of >35 mm denotes 
obstruction carrying a significant risk of functional 
impairment. 

4 The risk of functional deterioration on conserva- 
tive management is low, providing differential 
function in the obstructed kidney exceeds 40% and 
the maximum recorded AP diameter of the renal 
pelvis is <30 mm. 


Jet 


Figure 3.6 Postnatal diagnostic protocol for renal dilatation confined to the collecting system with no evidence of 
ureteral dilatation or bladder abnormality. MAG3, technetium 99m mercaptoacetyltriglycine; DMSA, technetium 99m 
dimercaptosuccinic acid. MCU = micurating cytourethrogram; UVJ = ureterovesical junction; UPJ = ureteropelvic 
junction; AP, anteroposterior. (Reproduced with permission from Dhillon.?®) 
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Figure 3.7 Postnatal diagnostic protocol for renal dilatation accompanied by abnormal appearances of the bladder 
and or ureteral dilatation. For abbreviations, see Figure 3.6. (Reproduced with permission from Dhillon.*8) 


Figure 3.8 Postnatal diagnostic protocol for mild uni- 
lateral dilatation localized to the renal collecting 
system, with anteroposterior renal pelvic diameter 
<15mm and without coexisting ureteral dilatation or 


bladder abnormality. MCU, micturating cystourethro- 
gram. (Reproduced with permission from Dhillon.38) 


Posterior urethral valves 


In many healthcare systems, between 50% and 80% 
of boys with this condition are now identified prena- 
tally (Figures 3.10 and 3.11). Prenatal diagnosis has 
undoubtedly been a major factor in the dramatic 


reduction in early mortality since the 1980s, but the 
impact of prenatal diagnosis on the long-term burden 
of end-stage renal failure is less certain. It is becoming 
clear that even when prenatal diagnosis has resulted in 
prompt and optimal management, a sizeable propor- 
tion of individuals with this condition are nevertheless 
continuing to progress into end-stage renal failure in 
late childhood or adolescence. Whether the greater 
use of fetal intervention would reduce this burden of 
long-term morbidity remains an unanswered ques- 
tion. 


Vesicoureteral reflux 


Primary VUR accounts for 15-20% of prenatally 
detected uropathies. In addition, low-grade non- 
dilating VUR may be identified as an incidental find- 
ing on a VCU performed as part of the routine 
evaluation of a coexisting prenatally detected uropa- 
thy. Prenatally detected VUR is predominantly a dis- 
order of male infant, with males outnumbering 
females by a ratio of up to 5 to 1.4! Urodynamic stud- 
ies in male infants with high-grade VUR have 
revealed marked bladder dysfunction,#?* which has 
been attributed by some authors to the legacy of tran- 
sient urethral obstruction in utero — for example, by 
Cowper’s duct cysts. 
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| Prenatal ultrasound | 


| Unilateral multicystic dysplastic kidney 


Contralateral kidney normal 


Contralateral kidney abnormal 
Jilatation (with or without renal dilatation) 


Contralateral (or bilateral) reflux 


Figure 3.9 Postnatal diagnostic protocol for investigation of prenatal ultrasound findings suggesting multicystic dys- 
plastc kidney. For abbreviations see Figure 3.6. (Reproduced with permission from Dhillon.*) 


Figure 3.10 Posterior urethral valves: the fetal spine 
and thoracic cage are clearly visualized. Bilateral 
hydronephrosis and bladder distention can be seen. 


Regardless of any underlying cause, prenatally 
detected VUR seems to have a greater potential to 
resolve spontaneously than clinically presenting reflux. 
Reviewing the outcome of 413 prenatally detected 
refluxing units reported in 7 published series, Elder* 
noted an overall figure for spontaneous resolution of 
78% for grades I-III VUR and 36% for grades IV and 
V. Conservative management was effective in the 


=. > Sa e 
Figure 3.11 ‘Keyhole’ sign. Dilatation of fetal bladder 
accompanied by distinctive dilatation of posterior ure- 
thra (arrow) and posterior urethral valves. 


majority, with only 13% of children developing uri- 
nary infections during the course of follow-up. 
Where breakthrough urinary infection necessitates 
surgical intervention in the early months of life, the 
author’s preference is for cutaneous vesicostomy, but 
thereafter ureteral reimplantation is performed. 


Multicystic dysplastic kidney 


The introduction of prenatal ultrasonography 


revealed that the true prevalence of multicystic dys- 
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plastic kidney (MDK) is far higher than was previ- 
ously recognized.4°4” The natural history of prena- 
tally detected MDKs is characterized by shrinkage or 
complete involution — which can also occur in utero, 
mimicking renal agenesis.*8 

Although there are reports of MDK occurring on a 
familial basis, it more commonly behaves as a spo- 
radic anomaly. A study undertaken in the author’s 
unit documented three affected families, one of whom 
demonstrated a pattern consistent with autosomal 
dominant inheritance with variable expressivity.*? 
Ultrasound screening of 94 first-degree relatives of 29 
children with prenatally detected MDK did not iden- 
tify any significant renal anomaly. For this reason, we 
do not advocate formal screening on the families of 
children with MDK. The management of prenatally 
detected MDKs is considered elsewhere. 


Mild dilatation (pelviectasis) 


Mild collecting system dilatation, typically a renal 
pelvic diameter in the range 5-10 mm (Figure 3.12), 
is a feature of approximately 1:100 pregnancies. 
However, this is often a transient phenomenon. For 
example, Sairam®? reported an 80% resolution rate 
for dilatation in the range 4—6 mm. Likewise, Chitty 
et al’! followed 475 fetuses with mild dilatation 
detected between 16 and 26 weeks’ gestation, and 
documented complete resolution or improvement in 
66% on re-evaluation in the third trimester. 
Pelviectasis is sometimes cited as a possible marker 


Figure 3.12 Bilateral renal pelvic dilatation. Anteropos- 
terior diameter = 1.0 cm at 26 weeks’ gestation. No 
underlying pathology was identified on postnatal 
investigation. 


for aneuploidy. However, in a study of 25 586 unse- 
lected low-risk pregnancies, Havutcu et al? docu- 
mented a 1.25% incidence of mild dilatation (mean 
AP diameter 6.4 mm, range 5-15 mm) but found no 
cases of aneuploidy. These authors concluded that the 
‘risk (of aneuploidy) in isolated fetal pyelectasis in 
low-risk populations is so small that it should not be 
an indication for invasive prenatal karyotyping.’ 
Although the weight of reliable evidence indicates 
that isolated dilatation is not a marker of aneuploidy, 
when this finding occurs in conjunction with other 
anomalies it is more strongly indicative of an under- 
lying genetically determined anomaly or syndrome. 


Mild dilatation and vesicoureteral reflux 


Although isolated mild dilatation (pelviectasis) can be 
largely discounted as an indicator of aneuploidy or 
significant upper tract obstructions, it can denote 
underlying VUR. In a prospective study of 5643 
fetuses undertaken by Ismali et al,>* mild dilatation or 
‘pyelectasis’ (defined as AP diameter of >4 mm in the 
second trimester and an AP diameter in the range 
7-15 mm in the third trimester) was found in 258 
fetuses. Subsequent voiding cystourethrography in 
these individuals identified an overall incidence of 
VUR of 10.7%. 

Ina smaller study, Gloor et alt documented an inci- 
dence of VUR of 15% in 22 infants with dilatation in 
the range AP diameter 4-10 mm detected before 24 
weeks’ gestation. In practice, however, the morbidity 
generated by mild dilatation is minimal. In the author’s 
unit, a follow-up study totaling 122 child-years of 
follow-up identified only two incidences of morbidity 
related to the urinary tract, neither of which were due 
to reflux.°> DeJong et al5° undertook a questionnaire 
case control study in children aged 4-9 years old to 
compare the incidence of urinary tract symptoms in 
children with a history of prenatally detected mild 
dilatation with normal controls. No difference was 
found in the incidence of either urinary tract infection 
or incontinence between the two groups. 

Thus, there appears to be increasingly little justifi- 
cation for routinely submitting infants with prenatally 
detected isolated pelviectasis to voiding cystourethr- 
ography, an invasive and potentially distressing pro- 
cedure which will yield negative results in 85-90% of 
cases. Some instances of predominantly low-grade, 
self-limiting VUR (mainly in boys) will be missed by 
this selective approach, but this risk is outweighed by 
the benefit of reducing the burden of unnecessary 
investigation in large numbers of healthy infants. 


32 Clinical pediatric urology 


Nevertheless parents should be involved in the 
decision-making process, whenever possible, since 
there is a very small risk of VUR that might be des- 
tined to give rise to infection and scarring. If parents 
decide against a VCU, both they and their primary 
care physicians should be alerted to the need for the 
urine to be checked promptly for possible infection if 
the child develops an unexplained febrile illness or uri- 
nary symptoms. 


Conclusion 


Ultrasonography is now so firmly rooted in obstetric 
practice that it would be unthinkable for pediatric 
urology to return to the preultrasonography era. In 
general, prenatal diagnosis must be considered to 
have been beneficial, but it must also be acknowl- 
edged that the detection of mild dilatation and some 
asymptomatic anomalies has generated needless 
parental anxiety and unnecessary investigation. In 
many countries the impact of termination of preg- 
nancy is already evident in a substantial decline in new 
cases of prune belly syndrome (see Figure 3.4), cloa- 
cal and ‘classic’ bladder exstrophy and neuropathic 
bladder associated with open meningomyelocele. As 
termination of pregnancy extends to include other 
severe, nonlethal fetal uropathies the number of 
infants and young children requiring renal replace- 
ment therapy and transplantation (predominantly 
males with urethral obstruction and renal dysplasia) 
may also diminish. 

Prenatal ultrasonography has undoubtedly 
advanced our understanding of the functional devel- 
opment of the urinary tract and the pathophysiology 
of many urinary tract malformations. In the future, 
this will be complemented by important discoveries 
within the rapidly advancing science of developmen- 
tal biology to provide pediatric urologists with a 
much greater understanding of the scientific founda- 
tions of the specialty. 
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Office ultrasonography 


Dennis B Liu and Max Maizels 


With technical advancements leading to ever more 
compact, portable, and less-expensive ultrasound 
units, pediatric urologists have increasingly incorpo- 
rated ultrasonography into their office practices. 
Because it gives accurate information quickly, non- 
invasively, and without radiation, ultrasound has 
become the standard initial diagnostic evaluation of 
the pediatric urinary tract. Previously, we have shown 
the practical benefits of this modality? and now 
update this experience. In this chapter, we show how 
office ultrasound advances practice in the initial eval- 
uation and follow-up of a variety of common pedi- 
atric urology scenarios. 


Advantages of office ultrasonography in 
pediatric urology 


Hydronephrosis, urinary tract infections, and wetting 
(or dysfunctional elimination) account for approxi- 
mately 40% of office pediatric urology consultations. 
Traditionally, evaluation begins with a comprehensive 
office history and physical examination, with referral 
to radiology for a conventional ultrasound. In-office 
ultrasonography (IOUS) offers several advantages 
over this traditional approach. Including office ultra- 
sound in the initial evaluation allows the urologist to 
make working diagnoses and management plans 
more quickly. It eliminates the need for unnecessary 
return visits and allows the opportunity to immedi- 
ately build physician—patient-family interaction, thus 
reducing anxiety and providing a better understand- 
ing of the disease processes. Real-time explanation of 
the images by the urologist performing the examina- 
tion solidifies this physician—patient bond. Because 
pediatric urologists have the clearest insight into the 
reason for the examination, they are able to sharply 
focus the examination. For example, bladder dynam- 
ics have a direct influence on the status of the kidneys. 
Recognizing this relationship, a pediatric urologist 
would be able to assess the kidneys both with a full 
and empty bladder, often providing more informa- 


tion than images performed by a non-urologist, 
where examination may not have included these 
images. 


Performing in-office ultrasonography 


A wide variety of portable, office-based ultrasound 
units are available commercially, ranging from large 
units requiring a wheeled cart to briefcase-sized units. 
In our practice, we use a toaster-sized sector scanner 
on a wheel cart at our hospital-based office and trans- 
port a briefcase-sized unit to satellite offices. We cur- 
rently perform examinations with either a 5 or 7 MHz 
probe. For examination of the kidneys of older, larger 
patients, a low-frequency (3 or 5 MHz) probe is used 
because of its better tissue penetrance. A higher- 
frequency probe (7.5 or 10 MHz) is used to image 
closer objects such as the kidneys and bladders of 
younger children. Real-time images are displayed on 
the monitor and hard copies of the examination may 
be captured onto flash memory cards or printed 
directly onto thermal archival paper. Printed images 
are kept in the patient’s charts, allowing the pediatric 
urologist quick access to the images on subsequent 
office visits. 

A good ultrasound examination requires a calm, 
cooperative, and still patient. This can be challenging 
in the pediatric population. The process of preparing 
the child for the examination begins the moment the 
child enters the examination room. The child’s clothes 
can be loosened without disrobing. We have adapted 
a videocassette recorder (VCR) to the examining 
platform to engage and distract children from fear of 
the hospital environment. Infants can be breast- or 
bottle-fed, allowing examination of a lulled child. 
Toddlers frequently fixate on the cartoons playing on 
the VCR. Engaging adolescents in simple word 
games may distract them. The routine of placing a 
small terry cloth protective towel over the patient’s 
underwear becomes ‘like an apron we use to help in 
the kitchen.’ Applying ultrasound gel becomes ‘like 
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suntan lotion we apply at the pool.’ Furthermore, 
warming the gel prior to use with a self-heating unit 
keeps the child comfortable. Older children may be 
offered the opportunity of holding the transducer 
themselves. Very apprehensive children may be reas- 
sured by allowing their parents to apply the ultra- 
sound gel, and the parent can hold the transducer as 
if the parent is performing the examination with the 
pediatric urologist manipulating the probe ‘behind 
the parent.’ Other useful tricks can be developed with 
some imagination. 


Positioning the patient 
Imaging of the kidneys 


We typically begin office ultrasonography by posi- 
tioning the child supine. Renal imaging in the supine 
position begins by placing the transducer anteriorly in 
the right or left subcostal region. The kidneys are 
imaged through an acoustic window provided by the 
liver (right kidney) or the spleen (left kidney). If the 
kidneys are not easily imaged subcostally, placing the 
transducer intercostally may help, although pushing 
here may be uncomfortable and derail the examina- 
tion. Alternatively, the child may be placed in the lat- 
eral decubitus position. In a toddler or youth, this is 
accomplished by asking the supine child to grab his 
opposite elbow, which causes him to rotate his trunk 
himself. If the kidney is ‘hidden’ by an overlying rib, 
assuming the prone position will provide better 
images. The prone position also provides a more 
accurate measure of length, especially when the kid- 
neys are sequestered under a rib. To image the kidney 
from the prone position, the transducer is placed 
along the line of a dorsal lumbotomy incision to pro- 
vide a longitudinal image, or perpendicular to the line 
to provide a transverse image of the kidneys.” In 
younger and uncooperative children, office ultra- 
sonography may be performed using a posterior 
approach, with the caregiver embracing the child. 
Sometimes, a child fearful of lying supine can be 
examined effectively while he is standing. Posterior 
views are obtained. 


Imaging of the bladder and ureters 


Imaging of the bladder is best performed with the 
child supine. The probe is placed above the pubic 
symphysis and aimed at the anus. Rotating the probe 
then provides a transverse or parasagittal view of the 
bladder. The ureters are also imaged if dilated. Typi- 
cally, they are best seen ‘behind’ the bladder. Trans- 


verse bladder views show the ureters transversely. To 
image the ureters longitudinally, the probe is posi- 
tioned parasagittally, aiming at the opposite half of 
the pelvis: thereby, the right parasagittal scanning of 
the bladder displays a sagittal view of a dilated left 
ureter and vice versa for the right ureter. In this view, 
assessment of the rectum for constipation, as well as 
imaging of the internal genitalia, may also be per- 
formed. 


Common practical experiences of office 
ultrasonography in office pediatric 
urology 


The kidney 


IOUS is ideally suited to evaluate the kidneys for 
hydronephrosis, renal length, and duplication anom- 


aly. 


The normal kidney 


The normal kidney is readily identified on sonography 
due to its sharp demarcation from surrounding struc- 
tures. This sharp demarcation is due to the sono- 
graphic interface between the renal capsule and the 
surrounding perinephric fat. The shape of the kidney 
is ellipsoid in the longitudinal view (Figure 4.1). 
Renal length is measured using this view. The normal 


length of the kidney in the child is dependent on mul- 


Di 2. 04cm 


Figure 4.1 Office ultrasonography: normal kidney. 
Longitudinal view of a normal kidney of a 3-year-old 
boy was done for sibling screening of VUR. The renal 
length is 80 mm (normal mean 70 mm + 10). The CEC 
is prominent because of its normal echogenicity. There 
is no hydronephrosis. 
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tiple variables, including the side of the kidney and 
the child’s gender, height, weight, race, and age.* In 
the transverse view, the kidney appears ovular. The 
renal cortex is typically uniform in appearance and less 
echogenic than the liver and spleen. In children, the 
renal medullae (pyramids) are sonographically more 
prominent than in adults and appear as hypoechoic 
‘pockets’ between the renal cortex and the renal sinus, 
like ‘seeds in a watermelon’. Prominent renal pyra- 
mids can occasionally be confused with hydronephro- 
sis, especially in the neonate. This confusion can be 
avoided by checking if the sonolucencies communi- 
cate with the pyelocaliceal architecture. Hypoechoic 
renal pyramids do not communicate with the renal 
pelvis, whereas dilated minor calices, evident in 
hydronephrosis, are confluent with the renal pelvis. 
The hilum is highly echogenic, often referred to as the 
central echogenic complex (CEC), containing the 
hilar vessels and fat. 


Hydronephrosis 


Office ultrasonography is the workhorse to approach 
diagnosis and management of hydronephrosis (HN). 
Hydronephrosis appears sonographically as sonolu- 
cent cavitation of the CEC. Hydronephrosis is graded 
according to the Society for Fetal Urology (SFU) 
classification system. This classification system cate- 
gorizes the pattern and extent of renal pelvic and 
caliceal dilatation, as well as renal parenchymal thick- 
ness (Table 4.1). Hydronephrosis detected on IOUS 
may be caused by ureteropelvic junction obstruction 
(UPJO), vesicoureteral reflux (VUR), obstructed 
upper pole moiety ureters (ectopic or ureterocele) of 
a duplex collecting system, high bladder pressure (e.g. 
neuropathic bladder), or lower urinary tract obstruc- 
tion (e.g. posterior urethral valves). On the other 


Table 4.1 SFU classification of hydronephrosis 


hand, SFU grade 2 HN may represent a variant of 
normal as an extrarenal pelvis. 


Sonographically evident renal pyelectasis 


As prenatal ultrasound examinations become more 
common in obstetric practice, referrals to pediatric 
urologists to evaluate prenatally detected pyelectasis 
are becoming more frequent. The degree of prenatal 
pyelectasis that is clinically significant in predicting 
postnatal urologic significance has yet to be agreed 
upon. Thus, the term sonographically evident renal 
pyelectasis (SERP) has been coined in order to avoid 
the connotation of a disease process. In the postnatal 
evaluation of prenatally detected SERP, ultrasound 
examination is done after newborn discharge, at 
about 1 week of age. Office ultrasonography is com- 
monly done during this follow-up. Common postna- 
tal outcomes of SERP include spontaneous 
resolution, VUR, or UPJO. Even if IOUS demon- 
strates resolution of bilateral SERP, the child still has 
a 10-30% likelihood of occult VUR®’ (Figure 4.2). 
In this situation, office ultrasonography provides an 
opportunity for immediate counseling. Office ultra- 
sonography also plays an important role in structur- 
ing management and follow-up of SERP. 

Because of its convenience for performing serial 
examinations, office ultrasonography is an ideal 
modality to follow patients whose parents/family 
choose observational management for prenatally 
diagnosed SERP. In a portion of these patients, 
SERP will improve and the child will avoid unneces- 
sary operative intervention (Case 1). When evaluating 
newborns for SERP, it is not important to delay 
ultrasound imaging for a few days after birth, as the 
initial postnatal ultrasound is unlikely to miss clini- 
cally significant hydronephrosis due to the relative 
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Figure 4.2 Office ultrasonography to follow-up fetal SERP. At 10 days old, the left (a) and right kidneys (b) are 
normal. These findings correlate with an 80% likelihood of a normal variant and 20% likelihood of VUR. 


dehydration of the neonate, although it is very impor- 
tant to repeat the ultrasound at 3-4 months of age.8? 
Such imaging can be conveniently and expediently 
done with office ultrasonography. Case 2 is a demon- 
strative illustration of the importance of delayed 
imaging for SERP by office ultrasonography. 

Case 1. Office ultrasonography identifies resolution 
of fetal SERP (Figure 4.3). 

Case 2. Office ultrasonography to follow-up pre- 
mature ultrasonography for fetal hydronephrosis 
(Figure 4.4). 


In addition to UPJO, SERP may also be caused by 
VUR. In order to evaluate for VUR, examination of 
hydronephrosis with both a full and empty bladder 
should be performed, as the status of the bladder 
directly impacts the appearance of the upper urinary 
tracts. Cases 3 and 4 demonstrate the utility of office 
ultrasonography in providing a more thorough evalu- 
ation of hydronephrosis by allowing the examiner to 
evaluate the upper urinary tracts with both a full and 
empty bladder. In both of these cases, the 
hydronephrosis improved with bladder emptying, 
and thus dilatation is more consistent with VUR than 
renal obstruction. Because of office ultrasonography, 
the diagnosis of VUR rather than UPJ obstruction 
was made correctly and without further radiographic 
testing. By referring patients to radiology for ultra- 
sounds, the urologist is not in control of the exami- 
nation and this often leads to imaging of the kidneys 
without regard to the status of the bladder fullness. In 
Case 5, not taking the state of bladder fullness into 
consideration may have led to an erroneous diagnosis 
of UPJ obstruction. 


Case 3. Office ultrasonography shows fetal SERP 
likely related to VUR (Figure 4.5). 

Case 4. Office ultrasonography shows the impor- 
tance of considering the extent of bladder fullness on 
hydronephrosis (Figure 4.6). 


Similarly, office ultrasonography provides an impor- 
tant adjunct to evaluate hydronephrosis during the 
performance of videourodynamics. When performing 
videourodynamics, precise imaging of the kidneys 
and assessment of the severity of the hydronephrosis 
are accomplished with office ultrasonography at vary- 
ing degrees of bladder fullness as well as vesicular and 
detrusor pressures. This can provide the clinician with 
important information on the underlying etiology of 
the hydronephrosis. Office ultrasonography per- 
formed during videourodynamics is especially impor- 
tant when assessing patients born with posterior 
urethral valves (PUVs). Often, the clinical sequelae 
from PUV result in persistence of bilateral 
hydronephrosis, which may be due to either VUR 
and/or elevated bladder pressures.!!)!* Office ultra- 
sonography is an effective modality to document 


changes in hydronephrosis, which may depend on the 


Figure 4.3 Office ultrasonography identifies resolu- 
tion of fetal SERP. Office ultrasonography was done to 
follow-up fetal hydronephrosis (HN). The newborn in 
hospital ultrasound shows SFU grade 4 HN (not 
shown). (a) Diuretic renogram shows preserved per- 
cent differential function in both kidneys with (b) tie 
drainage = 8.5 minutes. The parents chose observation 
rather than surgery. 
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Figure 4.3 (c) Office ultrasonography follows up the 
hydronephrosis 2 months later. There is involution of 
the dilation to SFU grade 2 HN. Office ultrasonography 
is done for extended longitudinal follow-up. 


level of bladder pressure and fullness. This helps to 
identify patients that would benefit from institution 
of clean intermittent catheterization to protect their 
upper tracts. 

Case 5. Office ultrasonography is an additional 
dimension to videourodynamic testing (Figure 4.7). 


Anatomic anomalies 


In addition to its role in evaluating hydronephrosis, 
office ultrasonography is useful to diagnose a variety 
of anatomic anomalies. Anomalies that can be readily 
detected by office ultrasonography include duplex 
collecting systems, multicystic dysplastic kidney, and 
renal dysplasia manifested by increased echogenicity, 
failure of renal growth, or renal asymmetry. These 
anatomic anomalies may be detected serendipitously 
on evaluation for common pediatric urologic com- 
plaints, such as enuresis. 

Case 6. Duplex collecting system (Figure 4.8). 


Multicystic dysplastic kidney 


The examination for follow-up of fetal multicystic 
dysplastic kidney (MCDK) is initiated in the newborn 
by ultrasound examination, which may be done by 
office ultrasonography. Ultrasound features typical of 
MCDK involve enlarged kidney without reniform 
shape but with echogenic parenchyma and multiple 
non-communicating cysts of diverse sizes. The differ- 
ential diagnosis of MCDK should include the possi- 
bility of UPJO. The main differentiating feature is 
that there is contiguity between an obstructed pelvis 


Figure 4.4 Office ultrasonography to follow-up new- 
born ultrasonography for fetal hydronephrosis (HN). 
Second trimester fetal ultrasound revealed 
hydronephrosis that progressed during the pregnancy. 
At term birth, the baby boy was healthy and the kid- 
neys were not palpable. Ultrasonography was done 
prior to discharge and at this time did not show 
hydronephrosis. The family was informed that the 
problem had resolved. However, a urologic call back to 
the family was made, because the timing of this new- 
born ultrasound was viewed as premature. (a) Office 
ultrasonography was done at 1 month of age. The 
kidney is elongated (65 mm, predicted upper limit of 
normal = 65 mm)? with a large extrarenal pelvis and the 
dilated calices have become confluent, qualifying as 
SFU grade 3 HN. (b) Based on the office ultrasonogra- 
phy findings, a well-tempered renogram was done, 
showing preserved percent differential function and 
(c) delayed drainage of isotope. 


and dilated calices seen in UPJO but no contiguity 
seen in MCDK. Office ultrasonography is useful to 
follow the dilated kidney for involution, which would 
then solidify the diagnosis of MCDK, as obstructed 
non-dysplastic kidneys do not involute. 

Case 7. Figure 4.9. 


The echogenic kidney 


Office ultrasonography is an ideal way to follow-up 
echogenic kidneys. Normal kidneys are typically less 
echogenic than the liver and spleen. When the 
echogenicity of the kidney is increased, suspicion of 
impaired renal function must be entertained.!*!4 
Echogenic kidneys have been commonly found in the 
contralateral kidneys of patients with MCDK.!5 
Although the significance of renal echogenicity has 
yet to be determined, the growth and appearance of 
the contralateral kidney in patients with MCDK 
should be followed closely and this may be expedi- 
tiously accomplished with office ultrasonography. 


Office ultrasonography 
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Figure 4.5 Office ultrasonography shows fetal SERP likely related to vesicoureteral reflux (VUR). (a) The child's 
kidney on initial examination shows an extrarenal pelvis (SFU grade 2) and is not consistent with obstruction. (b) By 
serendipity, the child voided during the office ultrasonography and the kidney immediately shows a subjective 
impression of new, increased dilation of the pelvis. These findings are consistent with VUR. 


Hap e Figure 4.6 Office ultrasonography shows the impor- 
Í tance of considering the extent of bladder fullness on 
grade of hydronephrosis (HN). Office evaluation of 
newborn follow-up of fetal hydronephrosis includes 
review of radiological ultrasound tests done the previ- 
ous week. (a) As the ultrasound shows SFU grade 3 
HN, left UPJ obstruction was suspected. (b) However, 
because there is megacystis (sagittal length = 55 
mm),1? the possibility that this dilatation was caused by 
VUR was evaluated by office ultrasonography. (c) The 
office ultrasound was done after the baby voided and 
confirmed an empty bladder. The kidney shows only 
SFU grade 2. This pattern of renal dilatation fluctuating 
with bladder fullness may be consistent with VUR. 
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Empty bladder 


Case 8. Office ultrasonography shows improved 
echogenicity of the contralateral kidney (Figure 4.10). 


In addition to increased echogenicity, impaired 
growth of a kidney is also suspicious for irreversible 
damage. Office ultrasonography is used commonly to 
follow the growth of these ‘at-risk’ kidneys, as well as 
following the growth of the contralateral kidney in 
patients with MCDK.!¢ By keeping the images con- 
veniently available in the patient’s chart, quick review 
of past examinations for an assessment of renal growth 
can be readily done. Confirmation of renal function 
should then be done with renal scintigraphy as indi- 
cated. 

Case 9. Renal growth (Figure 4.11). 


Full bladder 


Figure 4.7 Office ultrasonography is an additional 
dimension to videourodynamic testing. A 9-month-old 
boy is status post-newborn ablation of posterior ure- 
thral valves (PUVs). Bilateral hydronephrosis persists. 
(a) The cause for the persistent dilatation was not per- 
sistent PUV, as the urethra is open on VCUG, or reflux, 
as the cystogram is normal. Office ultrasonography is 
done simultaneous with videourodynamics to assess if 
bladder filling increases bladder pressure and so 
accounts for the renal dilatation. Office ultrasonogra- 
phy shows stable SFU grade 3 of the right kidney with 
the bladder both (6) full and (c) empty. Bladder pres- 
sures were <40cmH,O. The baby has continued to 
thrive with no further treatment. As the urologic testing 
is normal, it is likely the hydronephrosis will gradually 
resolve over the next 2 years, though serial follow-up 
studies are mandatory. 


In addition to aiding in the diagnosis and evaluation 
of common pediatric urology problems, office ultra- 
sonography is invaluable to follow patients after uro- 
logic surgery. Office ultrasonography aids in the serial 
assessment of the postoperative status of the kidney 
and/or bladder and helps monitor for possible surgi- 
cal complications. We use office ultrasonography rou- 
tinely to follow patients after: 


pyeloplasty, to assure there is gradual reduction in 
grade of hydronephrosis 

antireflux surgery, to assure the resolution of 
hydronephrosis and proper bladder emptying 
ablation of PUVs, to assure improvement in the 


degree of bladder and kidney dilatation. 
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Lower pole 


Upper pole 


Figure 4.8 Duplex collecting system. A 5-year-old girl is evaluated in the office for diurnal enuresis. (a) IVP (prone 
view) done previously is interpreted to be normal. Review of the study suggests an absent right upper pole. (b) 
Office ultrasonography is done to answer this concern and shows a bifid pattern consistent with renal duplication. 
(c) The office ultrasound finding prompted an MRI, which showed renal duplication and ectopic ureter. An ipsilat- 
eral ureteroureterostomy was performed and the enuresis resolved. This case exemplifies the use of office ultra- 
sonography to evaluate common outpatient pediatric urologic complaints, including enuresis. By performing office 
ultrasonography at the time of the visit, the suspicion of a duplex collecting system was pursued and led quickly to 
a more conclusive radiographic study (MRI), which was diagnostic. 


Postpyeloplasty 
In the setting of pyeloplasty, office ultrasonography 


plays an important role in monitoring the success of 
the procedure. Office ultrasonography is used to 
check for resolution of hydronephrosis, which is typ- 
ically seen within 2 years postoperatively, and nor- 


malization of elongated kidney length, which is typi- 
cally seen within 5 years postoperatively. Postpyelo- 
plasty imaging with office ultrasonography showing 
stabilization or improvement of hydronephrosis pro- 
vides reasonable assurance of a successful proce- 
dure.!718 Should office ultrasonography show 
upgrading of hydronephrosis, especially after the ini- 
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Figure 4.9 Office ultrasonography shows involution of MCDK. Fetal ultrasounds of the right kidney have shown an 
MCDK. (a) The newborn ultrasound confirms this finding. (6) Office ultrasonography is performed 1 year later for 
follow-up. There is involution of the right kidney, thereby confirming the diagnosis of MCDK. 
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Figure 4.10 Office ultrasonography to follow-up echogenic, hydronephrotic kidney. (a) This newborn boy has renal 
parenchyma more echogenic than the liver. There is SFU grade 3 hydronephrosis (HN). The contralateral kidney is 
an MCDK (not shown). Furthermore, his older sister showed bilateral UPJ obstruction with renal hypoplasia. 
(b) Office ultrasonography at 3 months follow-up shows the right kidney is isoechoic with the liver and there is less 
hydronephrosis (SFU grade 2 HN). Further management includes surveillance office ultrasonography. 


tial ultrasound at 1 month, a more complete evalua- 
tion with either a diuretic renogram or a retrograde 
pyelogram is in order. We perform office ultrasonog- 
raphy to check for a gradual decline in hydronephro- 
sis postpyeloplasty at 1 month, 6 months, 1 year, 2 
years, and 5 years postoperatively. 

Case 11. Figure 4.12. 


Postdetrusorrhaphy 


Success rates for surgical repair of VUR are approxi- 
mately 80-99%.1? The potential complications of 
detrusorrhaphy include persistent VUR, new-onset 
contralateral VUR, and obstruction at the UV junc- 
tion. Office ultrasonography plays an important role 
in monitoring the kidneys for hydronephrosis, a sign 


of these potential complications, especially UVJ 
obstruction. 
Case 12. Figure 4.13. 


The ureters 


In addition to visualizing the kidneys, office ultra- 
sonography may be used to image the ureters. Normal 
ureters are not dilated, and thus are not imaged. How- 
ever, dilated ureters are readily identified. Dilated 
ureters may accompany hydronephrosis. When 
ureteral dilatation is present without hydronephrosis, 
the differential diagnosis includes VUR and primary 
megaureter (non-obstructive, non-refluxing). 

Case 13. Non-obstructive, non-refluxing primary 
megaureter (Figure 4.14). 
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Figure 4.12 (a) Pyeloplasty was done for UPJ 
obstruction. (b) By 1 year postoperatively, the office 
ultrasound reveals only SFU grade 2 hydronephrosis 
(HN) and (c) only SFU grade 2 HN in the right kidney. 
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Figure 4.11 Office ultrasonography used to follow 
renal growth. Fetal diagnosis of bladder neck obstruc- 
tion proved to be anterior urethral valves at newborn 
endoscopy. (a) The left renal urinoma almost com- 
pletely effaced the kidney. The child voided well after 
valve ablation. Office ultrasonography at 1 year of age, 
shows (b) the left kidney is echogenic and is smaller 
than (c) the right kidney. It is likely that the left kidney 
is small due to the damaging effects of fetal urinoma, 
and the right kidney is hypertrophied to compensate 
for the small left kidney. 
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Figure 4.13 A 6-year-old girl with breakthrough febrile UTIs and VUR underwent bilateral detrusorrhaphy. (a and 
b) Two weeks postoperatively, office ultrasonography shows normal kidneys without hydronephrosis and the 
bladder is empty postvoid (not shown). 
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es ” Figures 4.14 At 1-year follow-up for fetal SERP, office 
\ ultrasonography indicates SFU grade 2 hydronephro- 

. sis of the kidneys (not shown). (a-c) Office ultrasonog- 
Ureteral dilatation raphy shows the ureter diameter fluctuates over a 
30-second interval without change in bladder appear- 
ance. This represents ureteral peristalsis. These find- 
ings are consistent with non-obstructed, non-refluxing 
megaureters. Office ultrasonography is adequate for 
longitudinal follow-up. 
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The bladder 


Office ultrasonography provides a reliable and easy 
way to assess the bladder. We have used office ultra- 
sonography to assess megacystis, completeness of 
bladder emptying, and for follow-up after endoscopic 
ureterocele incision. 


The normal bladder 
A bladder is best assessed when partially filled or full. 


The normal bladder is smooth-walled and symmetri- 
cal and filled with echolucent urine without any other 
internal echoes. However, urine within a neonate’s 
bladder may be echogenic. This has been attributed to 
the elevated levels of Tamm -Horsfall protein. The 
normal capacity of the bladder may be estimated by 
the formula:?° 


Bladder volume (ounces) = Age (years) + 2 


Office ultrasonography may be used to measure the 
detrusor thickness while evaluating children with 
voiding dysfunction. The thickness of the detrusor 
appears distinct in the sonographic examination of the 
bladder. The normal thickness of the bladder wall is 
dependent on the extent of bladder fullness. Norma- 
tive values have been described; however, no consen- 
sus has been reached.?!-?4 Office ultrasonography, 
though, continues to be useful in following the course 
of bladder treatments. 


Case 14. Office ultrasonography used to diagnose 
megacystis/thickened detrusor (Figure 4.15). 


Ureterocele 


Ureteroceles are commonly detected during the eval- 
uation of hydronephrosis. The diagnosis may be 
missed when other causes of hydronephrosis, such as 
reflux, are also present. Careful evaluation of the blad- 
der with ultrasound remains the best imaging modal- 
ity to diagnose ureteroceles. Patience during the 
ultrasound to permit the bladder to empty as the infant 
voids allows imaging during various stages of bladder 
fullness. This is important, as varying levels of bladder 
fullness influence the ease of detecting ureteroceles. 
For example, a full bladder may compress the urete- 
rocele and make the ureterocele more difficult to iden- 
tify. Office ultrasonography permits the examining 
urologist to avoid this potential pitfall by performing 
ultrasound at differing levels of bladder fullness. 
Case 15. Figure 4.16. 


Care of myelomeningocele patients 


Care of myelomeningocele patients requires close 
follow-up in order to prevent urinary tract deteriora- 
tion. Office ultrasonography is an effective and expe- 
dient tool to monitor these patients. Office 


ultrasonography can identify patients at risk of upper 
tract deterioration due to abnormal bladder dynamics 
and prompt the institution of more individualized blad- 


Figures 4.15 Office ultrasonography used to diagnose megacystis/thickened detrusor. This newborn experienced 
a cerebral hemorrhage and secondary neurogenic bladder. The VCUG showed an enlarged bladder and bilateral 
VUR. Intermittent bladder catheterization was instituted along with medical therapy for the cerebral hemorrhage. 
Catheterization was tapered. (a) After hospital discharge, office ultrasonography shows a thickened detrusor. 
(b) After 6 months, the detrusor thickness resolved, and the diaper pattern suggested good bladder emptying. 
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Figure 4.16 Office ultrasonography monitors postoperative course after incision of newborn ureterocele. A 
2-month-old girl presented with a history of fetal diagnosis of SERP. Reports of follow-up radiographic imaging doc- 
umented right hydronephrosis and a normal bladder. The VCUG report documented right VUR. On the day of out- 
patient evaluation, there were no hard copies available to review. (a) Office ultrasonography was done and showed 
a previously unrecognized ureterocele, and (b) a duplication anomaly that accounted for the reported hydronephro- 
sis. Because of these office ultrasonography findings, transurethral incision of the ureterocele was done the follow- 
ing day. Postoperative follow-up with office ultrasonography shows (c) decompression of the ureterocele and 


(d) reduction in hydronephrosis. 


der treatment.?” Office ultrasound may also be easily 
used to monitor myelomeningocele patients after com- 
plex urinary reconstruction for bladder capacity as well 
as complications such as renal calculi formation. 
Case 16. Office ultrasonography to diagnose blad- 
der calculi (Figure 4.17). 


Evaluation of bladder emptying 


Office ultrasonography provides a powerful tool to 
evaluate patients with dysfunctional voiding and 
recurrent urinary tract infection. The ability to image 
the bladder before and immediately after voiding 
allows the pediatric urologist to determine the child’s 
bladder-emptying capabilities. The volume of urine 
within the bladder is often automatically determined 
by the ultrasound machine, using the formula:?° 


Volume = 0.52 x length x width x height 


In children, the residual volume of urine in the 
normal bladder should be less than 10% of the age- 
specific expected bladder capacity. 

Case 17. Office ultrasonography to evaluate blad- 
der emptying/postvoid residual (Figure 4.18). 


Similarly, office ultrasonography may be included in 
the work-up for dysfunctional elimination syndrome 
(DES) by checking for a fecal plug, a characteristic 
feature of children with constipation. One of the most 
difficult histories to obtain in the evaluation of a child 
with enuresis is an accurate assessment of bowel func- 
tion. Klijn et al?” have correlated the ultrasonic mea- 
surement of rectal diameter to the clinical diagnosis of 
constipation in children, and advocate the use of 
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Figure 4.17 Office ultrasonography to diagnose blad- 
der calculi during outpatient follow-up of a 7-year-old 
girl with myelomeningocele who is status post-bladder 
augmentation for recurrent episodes of UTI and blad- 
der calculi. The office ultrasonography shows an 
echogenic focus at the posterior wall of the bladder 
with acoustic shadowing, most likely a bladder calcu- 
lus. Based on this office finding, cystoscopy confirmed 
the calculus, which was retrieved endoscopically. 
(Courtesy of Dr Kenneth A Kropp, Toledo, Ohio.) 


ultrasound to assist in making this diagnosis. The 
office ultrasonography in a 7-year-old girl with per- 
sistent enuresis, recurrent UTIs, and a large fecal plug 
is shown (Case 18). 

Case 18. Office ultrasonography shows a fecal plug 
in the evaluation of a child with DES (Figure 4.19). 


Office ultrasonography: reliability, 
credentialing, and coding 


We have been performing office ultrasonography as 
part of the urologic evaluation of patients since 1986. 


Prevoid 


Fecal plug 


Figure 4.19 Office ultrasonography shows a fecal 
plug in the evaluation of a child with dysfunctional 
elimination syndrome (DES). This 7-year-old girl pre- 
sented for evaluation of wetting and urinary infection. 
Neither the child nor the parents were aware of 
symptoms of constipation. The office ultrasound 
shows a large fecal plug posterior to the bladder. A 
bowel program was initiated as part of the global 
approach to the treatment of DES. 


In an initial study of the reliability of office ultra- 
sonography, Maizels et al demonstrated that office 
ultrasonography had a 98% sensitivity and an 82% 
specificity when compared with clinical outcomes or 
excretory urogram (IVP). As ultrasound machines 
become more common in the office setting, urologists 
are becoming more and more comfortable with the 
performance of urologic ultrasound. Vesey et al?® 
found that urologist-operated ultrasounds were accu- 


Figure 4.18 Office ultrasonography to evaluate bladder emptying/postvoid residual. The radiographic ultrasound 
of this 8-year-old girl with recurrent afebrile UTIs shows normal kidneys. On referral, because the family mentioned 
the girl voided infrequently, an office ultrasound was done. Even though the girl did not sense the need to void, the 
office ultrasonography shows a remarkably distended bladder (a). After prompting, she voided 40 ml, and the 
postvoid office ultrasonography shows the bladder is decompressed (b). The office ultrasonography examination 
prompted a program of conditioned voiding to decrease the risk of urinary infection. 
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rate and reliable when compared with ultrasounds 
performed by radiologists. Nevertheless, from time to 
time, there may be benefit for referral to radiology of 
cases for a second opinion. The American Urological 
Association (AUA) in conjunction with the Resi- 
dency Review Committee is responsible for ensuring 
that urologists are sufficiently educated and qualified 
in performing ultrasound examinations through resi- 
dency training programs. Successful completion of 
board certification by the AUA is evidence of the 
urologist’s proficiency in performing ultrasound 
examinations.2? 

Ultrasound examination is coded according to the 
Current Procedural Terminology (CPT) 5-digit code. 
Depending on the examination performed and the 
extensiveness of the examination, the appropriate 5- 
digit code is applied. Record keeping to completely 
document the examination must be done. 


Conclusion 


In this chapter, we have demonstrated the advantages 
of performing office ultrasonography. During an 
office visit, office ultrasonography significantly adds 
to information needed to extend care. As urologic 
training programs absorb office ultrasound into their 
curricula, pediatric urologists will incorporate office 
ultrasonography as an inherent aspect of pediatric 
urologic evaluation. 
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Technique considerations 


In children, radionuclide renal studies are widely used 
to evaluate various disorders. When combined with 
an ultrasound study, the two usually give a complete 
assessment of the state of the kidneys. In neonates 
with compromised renal function, the nuclear study is 
the most accurate method for determining the func- 
tion of each or both kidneys. 

Serial assessment of renal function is important to 
pediatric nephrology/urology, particularly in children 
with hydronephrosis, vesicoureteral reflux, after acute 
pyelonephritis, and in those who may require evalua- 
tion postoperatively. The decision of whether to do a 
nephrectomy or a reconstructive procedure may be a 
difficult one, especially in the child whose contralat- 
eral kidney is already jeopardized. One of the factors 
influencing this decision is the degree of function of 
the affected kidney. In our center we have found that 
renal scanning with ?°™technetium diethylenetriamine 
pentaacetic acid (°™Tc DTPA), which has greater 
than 95% excretion by glomerular filtration, provides 
a simple and relatively non-invasive method for 
assessing the relative function on each side and for 
measuring the glomerular filtration rate (GFR) in 
children >5 years old. In children with severe 
hydronephrosis, °™Tc dimercaptosuccinic acid 
(®Tc DMSA) can be substituted to better assess rel- 
ative renal function. A separate filtration rate for each 
kidney may be calculated from these two measure- 
ments and used to assess the patient preoperatively 
and to follow postoperative changes. 

Despite the usefulness of these agents in special cir- 
cumstances, most renal scans are done with the radio- 
pharmaceutical ®Tc mercapoacetyltriglycine (®Tc 
MAG3). Dynamic images of the kidneys are taken 
every minute for 20 minutes after the injection. In 
children with hypertension or who have had a renal 
transplantation, we will record for the first minute 
after intravenous bolus injection of the radiopharma- 
ceutical to obtain a radionuclide angiogram. Differen- 


tial renal function is determined by placing regions of 
interest over each kidney and subtracting a local back- 
ground. The reference image is the composite from 0 
to 2 minutes. The net counts for each kidney (region 
of interest minus background) is added together to 
get the total functional renal mass, and a ratio of one 
kidney versus the other is obtained. This provides a 
measure of the functioning renal mass of one kidney 
relative to the other. Correction factors for kidney 
depth have been used in other centers, but we have 
not found these to be necessary. In a series of 13 cases 
in which the differential renal function measured by 
radionuclide techniques was compared with split cre- 
atinine clearances, the correlation coefficient was 
0.96.1 If one kidney has markedly decreased or 
delayed function and is not well visualized between 1 
and 3 minutes, the differential renal analysis cannot be 
performed between the two kidneys. The differential 
renal function analysis is a relative measure only and 
an apparent decrease on one side may be due to 
improvement on the other side. Although the images 
obtained from the renal scan usually indicate which is 
the side that has changed, accurate diagnosis may be 
difficult unless a GFR is performed at the same time. 

One advantage of using °mTc¢ DTPA is that the 
GFR may be measured at the same time by taking 
two plasma samples — one at 90 minutes and one at 
least 30 minutes later — and then plotting the plasma 
disappearance. By multiplying the percentage 
obtained from the differential renal functional analy- 
sis by the GFR, individual filtration rates for each 
kidney may be determined.? A variety of pure imag- 
ing techniques have been used to evaluate GFR with- 
out taking a blood sample. In children, these uptake 
GFR measurements have not correlated very well 
with blood sample methods. 

The use of imaging is helpful in assessing renal 
function in patients with vesicoureteral reflux 
(VUR), ureteropelvic junction (UPJ) obstruction, 
ureterovesical junction obstruction, posterior urethral 
valves, and prune belly syndrome. It is particularly 


54 Clinical pediatric urology 


useful in the neonate and young infant in whom a 
drastic improvement in renal function may be seen 
following surgery. Radionuclide measurement has 
become an integral part of the urologic assessment in 
pediatrics. 


Congenital anomalies 


Ectopic kidneys are seen well with the nuclear scan, 
despite bowel gas or bony structures that sometimes 
obscure the ectopic kidney to intravenous pyelogra- 
phy (IVP) and ultrasound. The diagnostic dilemma of 
a solitary kidney on IVP can be sorted out with the 
aid of a renal scan and ultrasound. These latter two 
modalities will distinguish renal ectopia from 
hypoplasia or agenesis. 

The horseshoe kidney poses a special problem. It is 
often difficult to decide on the IVP if there is func- 
tioning renal tissue joining the lower poles of the kid- 
neys because this part of the kidney overlies the spine. 
If one employs DMSA and takes anterior images, it is 
possible to detect the presence or absence of func- 
tioning tissue in the isthmus; Wilms’ tumor, with 
which a horsehoe kidney is sometimes associated, can 
occasionally be identified (Figure 5.1). If horseshoe 
kidneys are slow to drain, one can assess obstruction 
using a diuretic scan. 

The radionuclide renal study is frequently used to 
confirm the presence of renal duplication, suspected 
on IVP or ultrasound, or may even diagnose unsus- 
pected cases. The function of each moiety can be indi- 
vidually assessed as well. The upper and lower parts of 
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the duplex kidney are quantified relative to each other, 
as well as to the opposite kidney. This is important in 
deciding whether there is enough function to salvage 
an abnormal renal segment. Most commonly, the 
upper component functions less well than the lower 
one, because of obstruction from an ectopic ureter or 
ureterocele. Occasionally, however, the lower compo- 
nent of the duplex kidney may have less function, and 
in this situation one has to be suspicious of reflux 
nephropathy of the lower collecting system or UPJ 
obstruction. 


Ureteropelvic junction obstruction 


The child with UPJ obstruction is usually evaluated 
pre- and postoperatively for the degree of relative 
renal function, absolute renal function and rate of 
egress of the radioactive urine from the kidneys. 
Interestingly, many young children with antenatal 
hydronephrosis have increased renal functional mass 
on the side of the hydronephrosis (paradoxical hyper- 
function). This has been confirmed in ?°™Tc DMSA 
studies carried out subsequent to the original diuretic 
washout study. In cases where an obstructive compo- 
nent to urine flow is suspected, a Lasix (furosemide) 
stress test is begun between 10 and 30 minutes after 
the injection of "Tc MAG3. Intravenous Lasix 
(1 mg kg"! to a maximum of 40 mg) is given and 
images recorded for 20 minutes into the computer. 
The clearance rate is calculated using the computer. 
This permits a quantitative method of determining 
the effect of surgery and/or postoperative complica- 
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Horseshoe kidney. The isthmus is clearly seen in the coronal SPECT images. Due to the positioning of 


the kidneys, the relative renal function has to be calculated from the geometric mean of the anterior and posterior 


views. 
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tions on the renal drainage system. Normally the time 
to empty one-half of the collecting system activity 
(Tu) is less than 8-10 minutes. This value may be 
higher (up to 20 minutes) in grossly dilated pelves or 
after surgery. In cases where the Ty, is >10 minutes, 
retention at 20 minutes is calculated (counts at time 
‘© minus counts at 20 minutes divided by the counts 
at time 0’) (Figure 5.2). If the patient has a Ty, of 20 
minutes, the retention value at 20 minutes should be 
50%; thus the two converge at this point. The Lasix 
washout study appears to reflect the state of urinary 
flow better than the Whitaker test in the postopera- 
tive period. 

In children who have had repair of a UPJ junction 
obstruction or have had reimplantation of the ureters 
as an antireflux surgical procedure, there will be a sig- 
nificant delay in drainage that can persist for up to 6 
months. When evaluated after that time, they usually 
drain normally. 

Several important points have to be made regard- 
ing assessing diuretic washout curves. First, the Ty, is 
invalid when performed on normal kidneys that have 
already emptied their pelves. Secondly, when there is 
poor renal function, the kidneys cannot be evaluated 
as there may be poor, if any, response to the Lasix 
stimulation. Finally, in large hydronephrotic kidneys 
(pelvic volume greater than 75 ml) there will be a sig- 
nificant delay in emptying due to dilution, even 
though there may be no mechanical obstruction. 


Renal transplant assessment 


In children with a renal transplant, the renal scan has 
been used during the first 2 weeks to evaluate the 
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effectiveness of the transplant surgery. As the art of 
renal transplantation has improved significantly, the 
need for an immediate renal evaluation is not so 
important. We now generally do one study in the first 
48-72 hours if the urine output is normal and blood 
pressure and creatinine are as expected. At 2 weeks 
after the transplantation, we do the first GFR estimate 
and then on a regular basis until the child has only 
yearly re-evaluations. Most important observations 
are the glomerular filtration estimate and whether or 
not there is any evidence of renal infarct (Figure 5.3). 


Urinary tract infection 


In children with upper urinary tract infection (UTI), 
radionuclide techniques are the primary modalities. 
The direct radionuclide cystogram is the most sensi- 
tive method for detecting reflux, which is present in 
approximately one-third of children with upper UTI. 
Radionuclide cystography is a well-documented tech- 
nique, with acceptable sensitivity and specificity.’ 
Recently, computer-analyzed antegrade voiding cys- 
tograms have been tried and appear to be almost as 
accurate as the retrograde version according to some 
reports. This could be a preferred technique, as it is 
more physiologic due to the absence of bladder over- 
filling. However, the generally preferred method is 
still the catheter voiding cystogram (Figure 5.4). The 
monitoring of the bladder and ureters is constant 
throughout both filling and emptying, which is not 
feasible using fluoroscopy. 

If the child has an upper UTI, an evaluation may be 
needed to determine whether or not acute pyelonephri- 
tis is present* with a DMSA planar or single-photon 


Figure 5.2 Ureteropelvic junction obstruction. The renogram images demonstrate the gross dilatation of the left 
renal collecting system. After Lasix (furosemide) injection there was markedly delayed drainage with a Ty, of 61 


minutes and a 20-minute retention of 80%. 


56 Clinical pediatric urology 


Figure 5.3 Postrenal transplant infarct. The wedged-shaped cortical defect is typical of a post-transplantation 


infarct. 
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Figure 5.4 Left vesicoureteropelvic reflux. The reflux is seen to occur during filling and persist through voiding in 
the first attempt to fill the bladder to target capacity. In the second, no reflux occurred. 


emission computed tomography (SPECT) study‘ 
(Figure 5.5). Recent data suggest that ultrasound 
should also be performed only if this a second or third 
UTI,> though most urologists have a low threshold to 
do a risk- and radiation-free study that can yield valu- 
able information. Finally, a cystogram should be per- 
formed to see whether reflux is present. 

Acute pyelonephritis appears as a non-segmental 
single or multifocal reduction in cortical accumulation 
of the °°™Tc DMSA. In the acute phase, it is some- 
times difficult to do SPECT imaging. Although it is 
better in defining the location of the lesions, it has 
only a marginal increase in sensitivity. Planar with 
oblique images is a satisfactory substitute. Subsequent 
°°™T¢ DMSA scans to monitor the progress of acute 


pyelonephritis should probably be done using SPECT 
imaging. In our hands and others, it has been shown 
that SPECT may have no increase in sensitivity in 
diagnosing disease, but is useful in diagnosing size 
and multiplicity of lesions. 

A major concern after an episode of acute 
pyelonephritis is the development of scars. In this 
case, SPECT imaging appears to be the method of 
choice.® Not only is it easier to define whether scars 
are present or not but also location and definition are 
enhanced. In addition, it is much easier to determine 
whether splenic impression of the upper pole of the 
left kidney is present vs a true scar (Figure 5.6). Cor- 
tical mantle thickness is also much more readily 
defined. 


Renal nuclear medicine 57 


AZoom = 2.0 


LEFT KIDNEY = 46 


RIGHT KIDNEY = 54 


IZoom = 1.0 


Figure 5.5 Acute pyelonephritis. A large photopenic area is seen in the upper pole of the left kidney. It is not asso- 
ciated with loss of cortical volume. This is the typical appearance of acute pyelonephritis. 


Radionuclide cystography 


Since a large number of children are seen because of 
UTI and VUR, isotope cystography is the preferred 
method for follow-up studies because of its accuracy 
and low radiation dose compared with conventional 
radiographic techniques. °?™Tc pertechnetate or 
sulfur colloid may be instilled into the bladder via a 
catheter in conjunction with a saline infusion. In con- 
trast to radiographic cystography, continuous record- 
ings can be done during the bladder filling and 
voiding phases with no extra patient irradiation. 
Thus, chances of documenting reflux are theoretically 
enhanced. Conway has found good correlation with 
micturition cystography.* After the child voids, the 
residual counts can be used to quantify reflux and 
voiding volumes, since the concentration of isotope in 
the solution used to fill the bladder is known. 
Antegrade cystography following a DTPA kidney 
study is an alternative method to detect VUR that 
avoids the problems of bladder catheterization.’ 


However, it can only be carried out once the radioiso- 
tope has completely cleared from the upper tract and 
accumulated in the bladder. The child is then asked to 
void while reflux is assessed. This method compares 
favorably with micturating cystography and cys- 
toscopy in some hands. 


Kidney trauma 


Traumatic lesions of the kidney can also be easily 
defined by DMSA SPECT imaging. Although ultra- 
sound, CT, and IVPs are the common methods for 
evaluating trauma, sometimes the degree of func- 
tional impairment is important to know. In some 
institutions, SPECT imaging may be more easily and 
less expensively obtained. Sensitivity of SPECT ?°™Tc 
DMSA imaging for renal trauma is extremely high 
and is favorably compared with CT and superior to 
ultrasound and IVP. In fact, combined SPECT liver 
and spleen imaging as well as renal imaging is 
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Figure 5.6 Pyelonephritic scars. Both kidneys demonstrate multiple defects with loss of cortical volume. 


extremely sensitive to the overall detection of trauma 
of these organs. Usually, the abnormality is that of a 
band or section of the kidney which has depressed 
renal function due to fracture. Sometimes, the abnor- 
mality may be iatrogenic after interventional angiog- 
raphy and embolization. 


Renal artery stenosis 


Subsegmental or segmental renal artery stenosis is dif- 
ficult to detect by the traditional nuclear medical tech- 
niques, even °°™Tc DTPA imaging with captopril. In 
this case, we see a subsegmental or segmental reduc- 
tion in ??™Tc DMSA accumulation within the kidney. 
This is much more easily seen with SPECT than 
planar imaging. 


Acute kidney lesions 


Most of these lesions are related to hypovolemia with 
reduced renal perfusion. The net result in the kidney 
depends on the severity of the underlying clinical 
problem. The renal scan with its early angiogram 
phase has been shown to be useful in various patho- 


logic states such as tubular necrosis, cortical necrosis, 
and renal vein thrombosis. The interpretation of the 
scan, however, must be made in light of the clinical 
circumstances, since other entities such as acute 
glomerulonephritis can look somewhat similar. 

Children with acute tubular necrosis generally 
show good perfusion to the involved kidney. How- 
ever, there is delayed excretion because radioactivity is 
retained within the renal parenchyma and often no 
activity is seen in the bladder by 30 minutes. There is 
no dilatation of the collecting systems to suggest 
hydronephrosis. In neonates the asphyxiated bladder 
syndrome may coexist and consists of gross bladder 
distention with urinary retention. Urate nephropathy 
of the newborn will look similar because it also causes 
intratubular obstruction. However, an episode of cir- 
culatory compromise is usually present to distinguish 
acute tubular necrosis. 


Renal vein thrombosis 


In renal vein thrombosis, there is poor perfusion to an 
enlarged kidney with poor excretion. The radio- 
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pharmaceutical injection should be into a suitable vein 
in the foot in order for the bolus to be visualized flow- 
ing up the inferior vena cava. Lack of flow implies 
caval thrombosis, with possible renal vein involve- 
ment. One must be wary in interpreting this, since 
crying, particularly in the neonate, may cause prefer- 
ential flow up the paravertebral veins even with patent 
inferior vena cava and result in a false-positive test. It 
is often difficult to distinguish renal vein thrombosis 
from an arterial problem or intrarenal vascular prob- 
lem, and this diagnosis should usually be confirmed 
by contrast angiography or Doppler ultrasound. 
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Prenatal and postnatal urologic 6 


emergencies 


Patrick H McKenna and Fernando A Ferrer 


Introduction 


There are few true urologic emergencies. The object 
of this chapter is to cover the practical management of 
urgent consultations from the antenatal period 
through childhood. This includes a discussion of 
abdominal masses and intraoperative consultations. 
Several factors have impacted the identification and 
management of fetuses and children with urologically 
related anomalies. One of the most important factors 
has been the ability to identify urologic problems 
during fetal development. This has occurred because 
of increasingly accurate imaging, genetic screening, 
and the active participation of pediatric urologists in 
a multidisciplinary approach to urologic problems. As 
technology and genetic understanding continue to 
advance, the frequency with which diseases are iden- 
tified in the prenatal period will continue to increase. 


Antenatal period 


Intervention during the antenatal period takes many 
forms, including medical treatment, termination of 
pregnancy, early induction of delivery, and surgical 
intervention. The incidence of prenatal surgical inter- 
vention is gradually increasing but remains rare. 
There are ethical, technical, and medical issues sur- 
rounding fetal surgery.! 

Pertinent ethical issues also surround the decision 
to terminate a pregnancy. Discussion of the ethics of 
termination is beyond the scope of this chapter and is 
societal in nature. The pertinent ethical issues facing 
maternal fetal specialists and pediatric urologists that 
are germane to this discussion are the accuracy of the 
antenatal diagnosis and correct explanation of the 
long-term outcome of antenatally detected problems 
to the expecting parents. These issues are especially 
important in countries such as the USA where there 
is a time limit on the developmental date when elec- 
tive termination can be performed. 


Most initial screening antenatal sonograms are per- 
formed in an obstetric office. When significant abnor- 
malities are identified, patients should be referred to 
centers with experience with these abnormalities to 
confirm the diagnosis and provide an accurate expla- 
nation of the consequences and long-term outcomes. 
The difficult task is providing an accurate assessment 
of the quality of life for patients with severe congeni- 
tal abnormalities so that they can make an educated 
decision about intervention or pregnancy termina- 
tion. Currently, severe urinary tract obstruction and 
congenital abnormalities, complications of interven- 
tion, and intersex disorders are the most commonly 
encountered antenatal problems that may involve an 
urgent antenatal consultation. 


Urinary tract obstruction with 
oligohydramnios 


It is estimated that only one in 30000 pregnancies 
may be a candidate for antenatal intervention because 
of an obstructive lesion.2+* The most common form 
of intervention is the induction of early delivery after 
lung maturity is established. Treating the mother with 
corticosteroids may accelerate lung maturity in the 
fetus.” Since this is such a rare event, much of the 
effort of pediatric urologists has been spent in pre- 
venting unnecessary antenatal intervention. There are 
scant scientific data to support the efficacy of early 
intervention.© 2 Published reports concerning results 
of intervention are mostly retrospective in nature and 
none has long-term follow-up. 1° In addition, the nat- 
ural history of these lesions differs in the timing of 
presentation and their severity, even during the ante- 
natal period, making case comparisons difficult.!* 
Early severe obstruction impacts on lung develop- 
ment, leading to pulmonary hypoplasia. 15-17 
Urethral atresia is the most common cause of early 
severe hydroureteronephrosis. Posterior urethral 
valves (PUVs) (Figure 6.1) may present either early 
or late in the pregnancy with varying degrees of renal 
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Figure 6.1 Prenatal posterior urethral valves: prenatal sonogram showing bilateral dilated renal pelvises and 


bladder with oligohydramnios. 


injury. A ureterocele obstructing the bladder neck due 
to a ball-valve mechanism is another rare form of 
bladder neck obstruction more common in females.!8 
These issues may be approached by working with 
maternal—fetal specialists to educate the general obste- 
tricians on the differential diagnosis of antenatal uro- 
logic abnormalities. The flow diagram in Figure 6.2 is 
designed to focus the obstetrician on the importance 
of oligohydramnios when considering intervention. 
Education of obstetricians is important because ulti- 
mately they make the decisions and determine the 
timing of intervention. If the flow diagram is fol- 
lowed, only patients with oligohydramnios are even 
considered intervention candidates. Good prenatal 
sonography is accurate in making the diagnosis of 
PUV.!? The correct management of these problems 
should involve a multidisciplinary approach since the 
bulk of the care resulting from the early intervention 
will fall to the pediatrician, nephrologist, and pedi- 
atric urologist. 

In the rare instance where intervention is consid- 
ered, oligohydramnios should be present, other severe 
congenital abnormalities should be ruled out, and evi- 
dence of recoverable renal function should be estab- 
lished (Figure 6.3).2° Infusion of fluid into the 
amniotic space may be required to conduct an accu- 
rate sonographic survey for other severe congenital 
abnormalities incompatible with survival. In addition, 


chromosomal analysis should be obtained. Assess- 
ment of viable renal function is more difficult. It has 
been suggested that serial urine samples from the 
fetus be obtained to confirm renal function. Normal 
values (Table 6.1) may predict a better prognosis, as 
does the rate with which the bladder refills after tap- 
ping off the urine.®:?.2!-*3 The reliability of these tests 
needs to be further documented.?*?° In these studies, 
no assessment of quality of life issues in these patients 
was done. In cases of significant obstruction, the pic- 
ture of increasing dilatation of the renal pelvis corre- 
lates with a greater likelihood of obstruction.” The 
in-utero progression of mild hydronephrosis is usu- 
ally less than 15%.2”7 No prospective studies have 
been performed comparing intervention to observa- 
tion. Since these severe abnormalities are so rare, 


Table 6.1 Fetal urine electrolytes suggesting good 
renal function (bladder aspirates) 


Value 
Sodium <100 mEq/L 
Chloride <90 mEq/L 
Osmolarity <210 mOsm/L 
Urine output >2 ml/h 
B,-Microglobulin <6 mg/L 
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Prenatal sonography 
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Figure 6.2 Prenatal flow diagram. (PUV = posterior urethral value; PCKD = polycystic kidney disease.) 
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Figure 6.3 Antenatally detected posterior urethral valves with percutaneously placed vesicoamniotic shunt. 
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single-center experiences are always few. A multicen- 
ter registry was attempted in the past but only a small 
number of patients was entered and long-term follow- 
up was not obtained.?® The single-center review of 14 
patients with follow-up greater than 2 years revealed 
that five patients required renal transplantation, three 
had renal insufficiency, and six had normal renal func- 
tion.!! Ultimately, multicenter studies will be 
required to answer many of the questions concerning 
appropriateness of intervention. A survey of practic- 
ing pediatric urologists confirmed that few recom- 
mend antenatal intervention. When it is considered, 
the strict criteria outlined above should be followed.”° 
Ideally, intervention should take place before any 
renal injury occurs. This approach can only take place 
if future studies can accurately identify obstruction 
very early in the antenatal period, which is currently 
rarely accomplished. 


Complications of antenatal intervention 


Intervention in the antenatal period can take various 
forms, from medical treatment to surgical interven- 
tion. The consequences of antenatal medical treat- 
ment for congenital adrenal hyperplasia (CAH) 
exemplify some of the ethical and practical problems 
with prenatal treatment of the fetus with medication. 
The risks to the fetus escalate the more invasive the 
form of antenatal intervention. Amniocentesis during 
the second trimester has become almost a routine 
procedure. When it is done with ultrasound guidance 
there is a 1% incidence of spontaneous abortion.30-31 
Fetal hemorrhage, cord laceration, direct fetal injury, 
uterine injury, and chorioamnionitis have been 
reported after amniocentesis. But, when amniocente- 
sis is performed using specific guidelines by experi- 
enced teams, these risks are minimized.*2-43 Chorionic 
villus sampling historically had a fetal loss rate of 
approximately 3.5% and infection rates of 0.25- 
0.5% .°4+35 Recent data suggest that chorionic villus 
sampling may be safer than early amniocentesis.*° 

More invasive intervention, including percuta- 
neous procedures and open surgery, are associated 
with more significant problems. The main abnor- 
malities currently considered for intervention 
include fetal urinary tract obstruction, 
myelomeningocele, fetal diaphragmatic hernia, fetal 
cystic adenomatoid malformation, and fetal sacro- 
coccygeal teratoma.*”78 Even the most invasive pro- 
cedures have minimal maternal risks or effect on 
future maternal fertility.*? 

The most common complication of hysterotomy 


for fetal intervention is subsequent uterine contrac- 
tions with premature delivery. Development of 
better tocolytic agents and other methods to prevent 
uterine contraction is crucial to successful prenatal 
surgery. The increased use of percutaneous laparo- 
scopic surgery may decrease the problems of uncon- 
trolled uterine contractions. However, laparoscopy is 
associated with an increased risk of percutaneous 
access wounds. Risks include injury to other fetal 
organs and to the abdominal wall. Once inter- 
vention is anticipated, the pediatric team, including 
the maternal-fetal obstetrician, pediatric urologist, 
and neonatologist, should be available because com- 
plications such as uncontrolled uterine contraction or 
serious fetal injury may require immediate delivery, 
infant resuscitation, or surgical intervention.* 


Classic bladder exstrophy 


The antenatal identification of exstrophy is relatively 
straightforward. A combination of characteristics can 
be identified on a screening sonogram. The five most 
commonly identified findings are (1) no visualization 
of the bladder; (2) a lower abdominal bulge; (3) small 
penis and anteriorly placed scrotum; (4) a low-set 
umbilicus; and (5) abnormal widening of the iliac 
crests.5° Omphaloceles are usually associated with a 
midline defect at the umbilical insertion, gastroschisis 
most frequently consists of a small, right-sided 
paraumbilical defect, and large lateral defects usually 
occur in the limb—body wall complex. In addition, 
specific organ evisceration and other associated 
abnormalities assist in the differential diagnosis.>!>? 
More recently, the use of fetal MRI in the antenatal 
diagnosis and accurate determination of fetal gender 
has been reported by Hsieh®* (Figure 6.4). 

The challenge in the antenatal identification of 
these abnormalities is to provide counseling to the 
parents at the time when the abnormalities are identi- 
fied.54 The best approach is to involve a physician 
familiar with the long-term outcome of patients with 
these complex reconstructive problems. Initial work 
on the psychosocial and physical outcome of patients 
treated with various surgical approaches has begun 
but the outcome is known in a small number of 
patients.°°->7 Although some broad generalizations 
can be made, more outcomes data will be required to 
confirm early results. In the initial reviews, concerns 
centered primarily on worries about sexual function 
and sexual disfigurement, whereas education, family 
life, and employment appear to be essentially normal. 
The males were concerned about the appearance of 
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Figure 6.4 Determination of fetal gender using MRI. 


their external genitalia, even though their sexual func- 
tion was preserved. The female patients were less con- 
cerned about disfigurement and had normal sexual 
function, sexuality, and fertility. A complete under- 
standing of the underlying anatomical abnormalities 
and the approach in the surgical reconstruction are 
requirements for the appropriate counseling of these 
patients. 


Neural tube defects 


Although not primarily a urologic abnormality, 
neural tube defects result in significant urinary tract 
morbidity. The accurate diagnosis of neural tube 
defects during the antenatal period can result from a 
combination of routine screening of maternal serum 
a.-fetoprotein and targeted sonography.°® Neuro- 
pathic bladder effects have been detected before 
birth. The decreasing incidence of neural tube 
defects in the newborn period is due to the increased 
use of folic acid by childbearing women®°! and the 
increase in termination of affected fetuses during 
pregnancy.© The Public Health Service of the USA 
currently recommends that all women capable of 
childbearing consume 0.4 mg folic acid per day to 
decrease the risk of neural tube defects and anen- 
cephaly. Recently, it has been determined that the 
neurologic abnormalities associated with neural tube 
defects may result primarily from prolonged expo- 
sure of the neural tube to amniotic fluid. Intrauter- 
ine repair of spina bifida in fetuses with a ventricular 
size of <l4mm, fetuses who had surgery at or 
before 25 weeks, and fetuses with defects that were 


located at or below L4 were less likely to require 
postnatal ventriculoperitoneal shunting.*® The fetal 
intervention may not improve the ultimate bladder 
function and these patients should be managed uro- 
logically similar to spina bifida patients that did not 
undergo fetal surgery.°? The level of the defect, 
timing of repair, and type of repair all affect the out- 
come. Long-term follow-up of antenatally treated 
patients is not available and urologic participation in 
the postnatal evaluation and follow-up will be crucial 
to determine the possible benefits of the antenatal 
surgical approach. 


Solid masses 


The antenatal identification of a solid mass seldom 
requires early intervention but often generates an 
urgent consultation. The commonly detected antena- 
tal masses include: 


E adrenal hemorrhage 

E neuroblastoma 

E congenital mesoblastic nephroma 
E Wilms’ tumor 

E pulmonary sequestration 

E teratoma 

E sacrococcygeal teratoma 

E hepatic lesions 

E rhabdomyosarcoma. 


Since hydronephrotic and cystic lesions are easily 
distinguished by sonography the list is predominantly 
made up of rare but reported lesions. The recommen- 
dation should be to evaluate these patients thoroughly 
after delivery. 


Intersex disorders 


The identification of intersex disorders in the ante- 
natal period is the result of better screening tech- 
niques and advances in the understanding of the 
inheritance of these diseases. Unlike the postnatal 
period, where the discovery of ambiguous genitalia 
is the initiating factor, amniocentesis, chorionic 
villus sampling, and better sonographic techniques 
allow early identification of many intersex disorders 
in the antenatal period.©+°® The prenatal identifica- 
tion of these problems results in the need to provide 
adequate prenatal counseling.®? Identifying CAH 
before birth provides the opportunity to treat the 
fetus in the hope of preventing androgen effects on 
fetal development, though presumptive early therapy 
is most effective in those known to have a familial 


risk.70-76 


66 Clinical pediatric urology 


Most intersex disorders other than CAH are identi- 
fied inadvertently.”” In some cases this is the result of 
an amniocentesis because of a simple parental request 
to know the sex of the fetus. In other cases, there can 
be an issue of other known inheritable diseases such 
as determining the likelihood of an X-linked disorder 
(e.g. hemophilia). Knowing the sex may be helpful in 
confirming the cause of a structural disorder (e.g. 
PUV) that does not occur in girls. In cases with a 
family history of CAH genetic sampling can identify 
the inherited genetic disorder. The identification of an 
intersex disorder may also result from routine screen- 
ing of an older mother. In situations where the 
genetic sex is known, but the genital screening by 
ultrasound does not appear to match the genotype, 
clinicians should consider the possibility of an intersex 
disorder. In the case of a 46,XY karyotype with 
female-appearing genitalia, the differential diagnosis 
should include gonadal dysgenesis or androgen insen- 
sitivity. In severely androgenized females with CAH, 
a 46,XX karyotype may be associated with ultrasound 
findings suggesting male genitalia. Table 6.2 lists 
the chromosomal analyses and possible intersex 
disorders. 

The ability to identify and medically treat a disease 
in the antenatal period will probably become the 
norm in the future; however, the consequences of 
prenatal treatment need to be completely understood 
before it is openly embraced. Accuracy of the antena- 
tal diagnosis and the effect of the medical treatment 
on other aspects of the fetus’ development must be 
understood before treatment becomes routine. There 
is no better example of this controversy than the cur- 
rent debate over prenatal treatment of CAH.78-*? Pre- 
natal treatment of CAH needs to start before 6 weeks’ 


gestation to completely prevent androgenic effects. 
Chorionic villus sampling to obtain fetal DNA cannot 
be done until 10-12 weeks’ gestation. 

The most common cause of CAH is 21-hydroxylase 
deficiency. This deficiency results in the inability to 
synthesize cortisol. The pituitary and hypothalamus 
overstimulate the adrenal gland, causing the over- 
production of androstenedione. The androstenedione 
is further metabolized, predominantly to testosterone 
and dihydrotestosterone, resulting in the prenatal 
virilization of the female fetus. Early treatment with 
dexamethasone can prevent or minimize severe geni- 
tal abnormalities in some patients.7*8!-83 The risk of 
having an infant with CAH for a mother with classic 
21-hydroxylase deficiency is 1 in 8. The complications 
of prenatal treatment to the fetus, maternal risks, and 
long-term effects to the child are incompletely under- 
stood. Since antenatal treatment with dexamethasone 
needs to begin at 6 weeks’ gestation, seven fetuses are 
treated unnecessarily to affect the external genital 
development of one fetus. This has significant ethical 
implications. The fetal metabolism of dexamethasone 
is not understood, and the doses recommended for 
treatment are greater than required to suppress the 
adrenal in the adult.” The effect on unaffected fetuses 
is not completely known. Despite these concerns, the 
possibility of preventing androgen imprinting of the 
brain in the affected female fetuses justifies a con- 
trolled long-term study. 


Postnatal period 


In the past, urologic problems identified at birth were 
primarily obvious congenital abnormalities such as 


Table 6.2 Chromosomal analyses and possible intersex disorder 
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exstrophy. Now, the majority of urologic problems 
seen by urologists in the immediate postnatal period 
are identified by prenatal sonography and magnetic 
resonance imaging (MRI). In the evaluation and 
treatment of these problems physicians need to con- 
sider the unique aspects of bonding between the 
infant and the parents.8485 Bonding can be affected 
by separation of the infant from the parents and by 
severely disfiguring congenital anomalies.8°87 These 
considerations should impact the treatment of infants 
with and without obvious congenital abnormalities. 
The support needs go beyond helping the family to 
come to grips with the congenital anomaly, and 
should include dealing with parental fears concerning 
job loss, financial difficulties, and effects on other 
family members.8© One should encourage early dis- 
charge of infants who can be adequately managed as 
outpatients. When prolonged hospitalization is 
required, parental rooming-in with the infant is 
encouraged. A psychiatrist and staff educated on 
bonding issues should be actively involved in patient 
and parental management. 88-20 


Congenital anomalies noted at birth 
Anorectal malformations 


Anorectal malformations (imperforate anus) are con- 
genital lesions of the cloaca (Figure 6.5). It is impor- 
tant for urologists to be familiar with these 
malformations because they are often associated with 
urologic abnormalities. There is also a high incidence 
of other congenital abnormalities associated with 
such malformations. There are multiple classification 
systems but none has gained wide acceptance. From 
a urologic perspective the simple distinction of ‘high’, 
‘intermediate’, or ‘low’ anorectal lesions is probably 
sufficient: low lesions are those that occur inferior to 
the levator muscles, high lesions occur above the lev- 
ator muscles, and intermediate ones in between 
(Figure 6.6).?! From a clinical point of view most 
intermediate lesions are treated as high lesions. The 
surgical correction of these malformations is most 
often by a technique popularized by de Vries and 
?2 using the posterior sagittal approach. Associ- 
ated urologic abnormalities occur in up to 20% of 
patients with low lesions and up to 60% of those 
with high lesions.°*°4 The most common findings 
are vesicoureteral reflux (VUR), neuropathic blad- 
der, renal agenesis, renal dysplasia, and cryp- 
torchidism. It is not surprising that there is a high 
incidence of neuropathic bladder because of the likely 


Pena 


Figure 6.5 Patient with imperforate anus. (From Dr 
Donald W Hight, Connecticut Children’s Medical 
Center, with permission.) 


Figure 6.6 Radiographic picture of high bowel-urethral 
fistula. (From Dr Donald W Hight, Connecticut Chil- 
dren’s Medical Center, with permission.) 
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association of vertebral abnormalities with anorectal 
malformations, especially with high lesions. Neuro- 
pathic bladder may occur in as many as 50% of 
patients.°? The most common anatomic abnormality 
in patients with vertebral abnormalities is a tethered 
cord. Only recently has this association been identi- 
fied and linked to the high incidence of neuropathic 
bladders and dysfunctional pelvic floors.’ Patients 
with anorectal malformations should be studied uro- 
dynamically if they have high lesions and/or spinal 


abnormalities. 


Exstrophy 


Classic bladder exstrophy still most commonly pre- 
sents at the time of birth despite the known specific 
antenatal sonographic findings? (Figure 6.7). The 
typical infant is male and is otherwise healthy. An 
exstrophic bladder, abdominal wall defect, epispadias, 
pelvic diastasis, VUR after bladder closure, and bilat- 
eral inguinal hernias characterize the anomaly. Ini- 


tially, much time is spent with the family explaining 
the disease and planning the bladder closure. Patients 
should be managed by a urologist with exstrophy clo- 
sure experience. The initial treatment is to protect the 
exposed bladder mucosa. If a plastic umbilical clamp 
was placed in the delivery suite it should be removed 
and replaced with a suture. If possible, nothing 
should come into contact with the bladder mucosa. A 
modified humidifier tent can be placed over the blad- 
der, but for transport a cellophane non-adherent 
dressing may be utilized.*° 

The traditional methods of reconstruction used a 
staged strategy,?”* the first stage involving bladder 
and abdominal wall closure with pelvic osteotomy in 
most cases (Figure 6.8).9”8 The epispadias is recon- 
structed in the next stage, and finally the incontinence 
and reflux. Several centers have advocated combining 
the first stages into one operation soon after birth (see 
Chapter 55). Initial reports are encouraging, but few 
patients have been treated in this way and there is 
little long-term follow-up.”°”? Combined closure and 


Figure 6.7 (a) Newborn female exstrophy patient; (b) 4 weeks after initial closure. 
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Figure 6.8 Three-dimensional CT reconstruction of a 
5-year-old male with uncorrected classic bladder 
exstrophy showing a wide separation of the pubic 
bones and flattening of the ilial bones. 


epispadias repair can lead to its own unique set of 
complications, including loss of the hemi-glans or 
glans, and hypospadias,!” although either of these 
complications can potentially be seen after more tra- 
ditional reconstruction. 

Exstrophy reconstruction has led to a greater 
understanding of sphincter and pelvic floor anatomy 
and function. Patients have improved pelvic floor 
reconstruction and better continence rates after 
osteotomy.!0!-104 This is likely to be due to better 
approximation of the pelvic floor muscle. In addition, 
there is a close relationship between bladder size and 
continence. In situations where capacity is inade- 
quate, bladder augmentation, bladder neck closure, 
and a catheterizable stoma may provide the best alter- 


native.?8 


Prune belly syndrome 


Deficient abdominal wall musculature, cryptorchism, 
and urinary tract dilatation characterize this syn- 
drome. Other names include triad syndrome, Eagle- 
Barrett syndrome, and abdominal muscular deficiency 
syndrome. The spectrum of this disease is wide. It 
ranges from in-utero demise, renal dysplasia and sub- 
sequent renal failure, to normal renal function. The 
pathogenesis is not completely understood.!° The 
presumptive prenatal diagnosis has been made as early 
as 12 weeks’ gestation.!° In the most severe forms, 
identified antenatally, there is complete urethral 
obstruction. In the antenatal period these patients are 


often confused with patients who have severe PUV 
and may be inadvertently combined in retrospective 
reviews.’ One terminated fetus had urethral atresia 
with histologically normal kidneys, which may mean 
that there is a role for intervention in cases identified 
very early.!°” The postnatal evaluation should include 
sonography, voiding cystourethrography (VCUG), 
and renal scan when indicated, though VCUG can be 
avoided to reduce the risk of early urinary tract infec- 
tion. Although predominantly affecting males, a 
female variety has been described.! Initially, medical 
treatment (i.e. antibacterial prophylaxis and perhaps 
circumcision in babies with reflux) and close surveil- 
lance are indicated in all but the most severe cases 
where vesicostomy or upper tract diversion may be 
needed.!°°"!"1 In the long term, a combination of 
continuous antibacterial prophylaxis, well-planned 
surgery, and close surveillance is the best means to 
ensure an optimal outcome.!!9.!12-115 Severity of the 
congenital renal dysplasia, nadir 
>0.7 mg/dl, recurrent pyelonephritis, and renal 
obstruction all correlate with eventual development of 
renal failure.!3!!5 Treatment of the undescended 
testes should be similar to that recommended for 
other patients with abdominal testes. Early orchi- 
dopexy should be accomplished and may be facilitated 
by laparoscopy.!!© No prune belly patient has been 
known to father a child; however, early testis biopsy 
has identified spermatogonia, so fertility is possible 
using in-vitro fertilization.!!71!8 The histologic find- 
ings of significantly reduced spermatogonia and 
marked Leydig cell hyperplasia suggest that the 
pathology of the testis in prune belly syndrome is 
secondary to more than just its abdominal loca- 
tion. Testis tumors have developed in these 
patients. 119-121 


creatinine 


Myelodysplasia 


In the past myelodysplasia was the most common 
cause of neurogenic bladder dysfunction in children. 
Its incidence has been steadily decreasing because of 
early detection in the antenatal period resulting in ter- 
mination of the pregnancy, and maternal folic acid 
treatment which markedly decreases the likelihood of 
developing spinal defects.47:!??-!24 There is a slight 
increase in the incidence of myelodysplasia if other 
family members also have the condition. !?5 

Open myelomeningoceles (Figure 6.9) are readily 
identifiable at birth. The level of the lesion does not 
correlate with the neurologic defect because some 
nerve roots may be left intact. An Arnold-Chiari 
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Figure 6.9 Newborn with myelomeningocele. 


malformation can affect the brainstem and pontine 
micturition center. It is this malformation that is most 
likely to be prevented by fetal surgery. Tethering of 
the spinal cord and different growth rates in the dis- 
torted vertebral bodies can affect the final neurologic 
deficit.1°° Likewise, immediately after birth and 
during infancy and early childhood, a changing pat- 
tern is often seen in the urodynamics of these 
patients.!?7-!?° It is impossible to make broad gener- 
alizations, but in children with high thoracic lesions, 
patients may have an intact sacral reflex arc. Those 
with lesions at S1 and below can have normal bladder 
function but upper or lower motor lesions involving 
the bladder and/or pelvic floor are also seen. Complete 
urologic evaluation after closure of the defects includ- 
ing renal sonography, VCUG, and full urodynamic 
assessment is advisable because sphincter dyssynergia 
and uninhibited bladder contractions may be predic- 
tive of future upper tract deterioration. 127-130-133 Clear 
evidence exists that starting prophylactic treatment in 
situations where there is high risk for deterioration 
(uninhibited bladder contraction and elevated storage 


pressure in association with sphincter dyssynergy) is 
beneficial in decreasing the likelihood of upper tract 
and bladder deterioration. 134136 Management usually 
involves initiation of clean intermittent catheterization 
(CIC) and anticholinergic medication. The dynamic 
nature of this disease requires routine surveillance 
throughout the patient’s life, but particularly during 
periods of rapid linear growth, when spinal cord teth- 
ering may occur. 136,137 


Lipomeningocele 


This abnormality is difficult to identify on physical 
examination. It is important to have a high level of 
suspicion and to examine the lower spine carefully 
the vast majority of children with 
lipomeningocele have an identifiable superficial or 
cutaneous lesion. The neurologic changes occur 
because of an intradural lipoma. This lesion results in 
a broad spectrum of disease and presentation.!#8 Typ- 
ically, during early childhood, there are few outward 
physical abnormalities and only with complete urody- 
namic assessment is the effect on the bladder identi- 
fied.!8° The most common urodynamic findings are 
consistent with an upper motor neuron lesion. 
Sphincter dyssynergy is less often identified in this 
group. In older children where the diagnosis has been 
delayed there are often neurologic changes in the 
lower extremities.!4° The bladder changes in the older 
group are mixed between detrusor hyperreflexia and 
detrusor areflexia. The best methods to identify and 
characterize these lesions are MRI and complete uro- 
dynamic assessment. 14! 


because 


Sacral agenesis 


This lesion is even more difficult to identify on phys- 
ical examination, and often the patient presents at an 
older age with failure to become continent.!4?-143 
Loss of the lower vertebral bodies can be easily seen 
on a lateral lower plain film of the spine or on an MRI 
study. White and Klauber!** suggested that palpation 
of the coccyx could identify absent vertebral bodies, 
but radiographic confirmation is the best method. 
These patients have a stable neurologic lesion that 
does not progress with growth. However, the results 
of urodynamic studies are variable.!4> Patients may 
have no sign of denervation or hyperreflexia, areflexia, 
intact sphincter function, or sphincter dyssynergy, 
and some have absent control over the sphincter.'46 A 
high level of suspicion and complete urodynamics 
help to guide treatment.!4? Specific intervention is 
based on the identified findings. !4% 
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Scrotal masses 


Palpation of a scrotal mass commonly results in an 
urgent consultation. When it is of an acute nature 
with pain, testicular torsion is the most important 
diagnosis to consider. This represents a true surgical 
emergency. It is best managed by early exploration, 
detorsion, and, when the testis is salvageable, fixation. 
If the testis is not salvageable it should be removed. In 
either instance, the contralateral testis should also be 
sutured to the scrotal wall. 

The history should focus on the age of the patient, 
whether there is associated pain, and whether there is 
a history of trauma. The onset and severity of pain 
may be helpful in the differential diagnosis of torsion 
versus epididymitis. The physical examination should 
focus on identifying the location of the mass in rela- 
tion to the testis. The orientation of the testis should 
be evaluated. Normally, the epididymis is posterior 
and lateral to the testis. Careful palpation will identify 
torsion of appendices such as the appendix testis, both 
anterior and superior appendices of the epididymis, 
and the hydatid of Morgagni that is located in the 
posterior inferior epididymal testicular ridge.!4” In 
non-acute masses, sonography is important to con- 
firm the location and architecture of the mass. Possi- 
ble scrotal masses are: 


E hydrocele 

E incarcerated hernia 

E torsion of the testis 

E appendage torsion 

® testis tumor 

E epididymitis 

E epididymal cyst 

E epididymal tumor 

E paratesticular tumor 

E varicocele 

E Henoch-Schénlein purpura 
E idiopathic edema 

E cavernous hemangioma 

E funiculitis 

E lesions that result from a patent process vaginalis. 


Neonatal scrotal masses 


History plays very little role in the diagnosis in 
neonates. !48 The specific differential diagnosis of such 
masses includes: 


E hydrocele 
E incarcerated hernia 
E torsion 


E lesion secondary to patent processus vaginalis 
E meconium 

E testis tumors 

E trauma. 


The initial evaluation of these infants involves a 
complete physical examination. Perinatally, firm 
enlarged scrotal masses may be hydroceles but the 
diagnosis of bilateral torsion should be considered.!#? 
Positive transillumination can often aid the differen- 
tial diagnosis. Occasionally a plain abdominal film 
may be helpful in identifying bowel gas in the scrotal 
mass that would indicate an inguinal hernia with 
bowel in the scrotum, or calcification suggesting old 
meconium. If the mass is associated with thickened 
cord structures or if it can be reduced, a hernia is also 
likely. Ultrasound examination can differentiate solid 
and cystic masses. Doppler ultrasound can often con- 
firm blood flow, but can be misleading in the small 
child. 

Prenatal testis torsion is also referred to as neonatal 
torsion, extravaginal, intrauterine torsion, antenatal 
torsion, perinatal torsion, and newborn torsion. 
There is controversy over the mechanism of the tor- 
sion, risk of bilaterality, and need for and timing of 
contralateral fixation.5°152 When torsion occurs 
before delivery it has been thought to occur extrav- 
aginally, involving the entire spermatic cord and its 
tunics. Some physicians believe that this process can 
occur very early in the pregnancy and that it is respon- 
sible for most instances of testicular agenesis. 153-155 It 
is impossible to determine whether all cases are 
extravaginal and at least some probably represent 
intravaginal torsion, as seen in older boys. When tor- 
sion occurs prior to delivery the presentation is one of 
a non-tender, discolored, solid scrotal mass. Doppler 
ultrasound is generally accurate in confirming 
the diagnosis.1°°16° The torsion is most often uni- 
lateral but over 30 bilateral cases have been 
reported,1°8:161,162 A strong case has been made for 
early exploration, with orchiectomy when the testis is 
necrotic, and contralateral fixation, as many examples 
of subsequent contralateral torsion have now been 
reported.163-165 The arguments in favor of early 
exploration include: relative safety of anesthesia in the 
neonatal period; possibility of testicular salvage 
(10%), particularly the hormonal function; ability to 
fix the contralateral testis to prevent asynchronous 
torsion in the future; and to confirm the diagnosis. 

Lesions that result from a patent processus vagi- 
nalis include meconium mass, hemoscrotum from 
intra-abdominal hemorrhage, and tumor seeding 
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from renal or adrenal tumors.166-170 Spontaneous 
rupture of the bowel can occur during fetal develop- 
ment, resulting in meconium peritonitis. If the 
processus vaginalis is still open at that time the meco- 
nium can fall into the scrotum and present as a solid 
mass at birth. Stippled calcification is usually present. 
Likewise, other 
hematomas, neuroblastoma, and Wilms’ tumor can 
also seed the scrotum through a patent canal and 
should be considered in the differential diagnosis of 
neonatal scrotal masses. All of these suggest the util- 
ity of abdominal ultrasonography at discovery of the 
scrotal mass. 


anomalies such as adrenal 


Testis tumors are also seen in the neonatal period 
but are rare (Table 6.3).!7! Yolk sac tumors, ter- 
atomas, gonadal stromal tumors and juvenile granu- 
losa cell tumors are the most common. Early radical 
surgical removal is the recommended treatment for 
those with malignant potential, with chemotherapy in 
selected cases. 


Pediatric scrotal masses 


In older patients history plays a greater role in the dif- 
ferential diagnosis. Torsion has a bimodal distribu- 
tion: in the perinatal period and at or before 
puberty.!72 When there is sudden onset of severe pain 
associated with nausea and scrotal swelling, torsion 
should be suspected and represents a true surgical 
emergency. On examination of the scrotum there is 
no spermatic cord swelling in acute torsion. The cre- 
masteric reflex is generally absent, though this can be 
an inconsistent finding, and the testis is tense to pal- 
pation and rides high in the scrotum.!”? The epi- 
didymis will either not be palpable or is palpable in an 
abnormal location. Urinalysis is usually normal. Tor- 
sion is usually confirmed by surgical exploration; 
however, in centers with rapid access to color 
Doppler ultrasound the diagnosis can be confirmed 


Table 6.3 Neonatal testicular tumors 


Tumor Frequency (%) 
Yolk sac 27 
Gonadal stromal tumors 27 


Juvenile granulosa cell tumors 2m 
Gonadal blastoma 
Teratoma 
Harmartoma 


o1o1 © 


Adapted from Levy et al.'7" 


before intervention.!7+!76 In most cases history and 
physical examination are sufficient for diagnosis, and 
radiologic evaluation is only performed in those in 
whom the diagnosis is unlikely. Detorsion can take 
place prior to exploration by manually untwisting the 
involved testis. The most common direction of tor- 
sion is from lateral to medial (when viewing the scro- 
tum from the patient’s feet), so detorsion manually 
should be from medial to lateral (again viewing the 
scrotum from the patient’s feet). If detorsion is unsuc- 
cessful, attempts in the other direction can be tried. 
Once the direction is determined, the testis will spin 
rapidly and complete resolution of pain confirms 
detorsion. The testis should still be fixed in place by 
suture to prevent recurrent torsion. Torsion in the 
pediatric period is usually intravaginal and secondary 
to a bell-clapper deformity. Torsion should be 
relieved within 4 hours to be certain of testis viability, 
but detorsion after 12 hours has resulted in viable 
testis tissue in some cases; by 24 hours there is almost 
uniform eventual atrophy if the testis is left in 
place.!77-!7? Cases where there has been testicular sal- 
vage after longer periods probably represent intermit- 
tent or incomplete torsion. Spermatogonia appear to 
be more sensitive to ischemia then the Sertoli and 
Leydig cells.!8° Since the bell-clapper deformity can 
affect both testes, the contralateral testis should be 
fixed at the time that the involved testis is explored. In 
a typical pediatric emergency room, 16% of the 
patients who present with an acute scrotum will have 
testis torsion, 46% will have torsion of an appendix of 
the testis, 35% will be identified as epididymitis, and 
the remainder are other lesions.!*! It appears that 
treatment with human chorionic gonadotropin 
(hCG) may occasionally induce torsion in the unde- 
scended testes!8? (Figure 6.10). 

Epididymitis should also be considered in boys 
with acute scrotal pain. It usually presents as scrotal 
swelling with gradually increasing pain. Physical 
examination isolates pain to the epididymis. The cre- 
masteric reflex is often intact.!83 Elevation of the testis 
may improve the pain (Prehn’s sign). When pyuria is 
present, this supports the diagnosis, but in children it 
is often not present. Sonography shows a hyperemic 
swollen epididymis.'8* The causes of epididymitis 
include trauma, infection, or reflux of sterile urine. 
Since the cause may not be identified at diagnosis, 
treatment should include scrotal elevation, bed rest, 
antibiotics if the urinalysis is positive, and an anti- 
inflammatory medication. In sexually active teenagers 
possible Chlamydia trachomatis infection should be 
treated, and in non-sexually active children treatment 
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Figure 6.10 Infarcted testes and spermatic cord after treatment with hCG: (a) external appearance; (b) longitudinal 


sections. (From Sawchuk et al,182 with permission.) 


should be directed toward Escherichia coli. In boys 
with proven bacterial epididymitis there is a high 
probability of an anatomic abnormality. After treat- 
ment, full examination of the upper and lower urinary 
tract should be accomplished with ultrasound and a 
VCUG.181 

Pediatric scrotal tumors are rare and include pri- 
mary testis lesions, paratesticular tumors, and 
metastatic or lymphatic tumors: 185 


E mature teratoma 

E teratocarcinoma 

E yolk sac tumor 

E paratesticular rhabdomyosarcoma 
E gonadal stromal tumors 

E granulosa cell tumors 

E cavernous hemangioma 

E gonadoblastoma 

E metastatic tumors. 


Ultrasound is helpful in locating the origin of these 
lesions but the diagnosis is made by surgical explo- 
ration through a groin incision. It is inadvisable to 
explore tumors through a scrotal incision because 
such intervention can theoretically change the direc- 
tion of lymphatic spread of the tumor, though there 
is little evidence that this actually happens. Once the 
tumor is removed, pathologic evaluation determines 
the diagnosis. A combination of surgery, chemother- 
apy, and radiation has resulted in a high cure 
rate.!07171 Benign testis lesions in prepubertal chil- 
dren can be removed by partial orchiectomy, avoiding 
loss of the entire testis. 


Another scrotal lesion that may present as a scrotal 
mass is a varicocele. It is usually left sided and disap- 
pears when the patient lies flat. Intervention is indi- 
cated if it is associated with ipsilateral testicular 
growth failure. Other intrascrotal lesions are 
extremely rare, usually benign, and identified by his- 
tory, physical examination, ultrasound, and 
biopsy!85-!87 (Figure 6.11). The more common 
superficial lesions such as funiculitis and idiopathic 
edema should be considered when the scrotal con- 
tents are normal (Figure 6.12). 


Intersex disorders 


A consultation for ambiguous genitalia is one of the 
urgent problems that a urologist must face. The initial 
approach to managing intersex patients is to identify 
and treat possible life-threatening abnormalities. !88-19° 
In most instances sexual assignment is straightfor- 
ward, and, where it is not, consideration should be 
given to delaying the decision to intervene surgically 
until the infant is older!8?-!°! (see Chapter 58). 

CAH is the most common cause of ambiguous 
genitalia at birth. It is the only form of intersex that 
can be life threatening. The possible enzyme deficien- 
cies include 21-hydroxylase, 11B-hydroxylase, 20,22- 
desmolase, and 3B-hydroxysteroid dehydrogenase. In 
21-hydroxylase deficiency, lack of mineralocorticoid 
and glucocorticoid cause an electrolyte imbalance 
resulting in elevated serum potassium and low 
sodium that lead to dehydration or potentially lethal 
cardiac arrhythmias. The excess androstenedione that 
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Figure 6.11 (a) Preoperative picture of scrotal cavernous hemangioma; (b) intraoperative picture of a cavernous 


hemangioma. 


Figure 6.12 Idiopathic edema. 


builds up behind the enzymatic block metabolizes to 
testosterone and dihydrotestosterone, causing viriliza- 
tion of the female infant (Figure 6.13). Physical 
examination and screening laboratory studies facili- 
tate the differential diagnosis relatively rapidly. The 
infant will have varying degrees of masculinization, 


from hypertrophy of the clitoris and mild labioscrotal 
development to a normal-appearing male phallus and 
scrotum. The gonads are symmetrical and typically 
non-palpable. The Barr body is positive, and pelvic 
sonography identifies a uterus and ovaries. Miillerian 
inhibiting substance is undetectable, and the chromo- 
some evaluation is 46,XX. Serum studies should 
include electrolytes, glucose, gonadotropin, dihy- 
drotestosterone, testosterone, and adrenal steroid 
levels. Initial treatment involves glucocorticoid and 
mineralocorticoid replacement. It is strongly recom- 
mended that these patients be reared as female 
because of the chromosomal sex and potential fertil- 
ity, but in the most virilized form questions have 
arisen as to the best sex of rearing. 192-123 

Although CAH is the most common intersex dis- 
order, it is important to have a diagnostic plan for 
evaluating all intersex patients. The differential diag- 
nosis method used by the authors is based on history, 
chromosome determination, serum tests, screening 
radiological studies, and pathology (Figure 6.14). 

The initial history should focus on pedigree and 
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Figure 6.13 Severely androgenized patient with congenital adrenal hyperplasia. 


drug ingestion history. Physical examination should 
concentrate on palpating the gonads. If no gonads can 
be palpated in the masculinized baby, one should con- 
sider female pseudohermaphroditism (FPH), gonadal 
dysgenesis (GD), male pseudohermaphroditism 
(MPH), and true hermaphroditism (TH). When only 
one gonad is palpable one should consider mixed 
gonadal dysgenesis (MGD), TH and MPH. When 
both gonads are palpated one should consider MPH 
and rarely TH. The next step involves targeted labo- 
ratory and radiologic screening. Initial evaluation 
should include measuring serum electrolytes, 17- 
hydroxyprogesterone, testosterone and dihy- 
drotestosterone (DHT) levels, and determining 
karyotype. Screening sonography and genitography 
in appropriate situations are helpful in the evaluation. 

When 17-hydroxyprogesterone is elevated, the 
karyotype is 46,XX, and a uterus is identified by ultra- 
sound, one is dealing with CAH. Checking the 11- 
deoxycortisol levels can differentiate between 
21a-hydroxylase and 11B-hydroxylase deficiency. If 
the 17-hydroxyprogesterone levels are normal and a 
uterus and ovaries are identified in a child with a 


46,XX karyotype, a maternal virilizing syndrome 
should be considered. 

In the remainder of cases, 17-hydroxyprogesterone 
will not be elevated. A combination of ultrasound 
findings and laparoscopy with or without biopsy is 
often required to make a definitive diagnosis. If two 
testes are identified, an hCG stimulation test should 
be performed. Serum testosterone, DHT, dehy- 
droepiandrosterone (DHEA) and androstenedione 
should be measured before and after stimulation. This 
will identify MPH (46,XY, 46,XX, 45,X/46,XY). 
There are a number of causes of MPH, including tes- 
ticular failure, dysgenetic testes, steroid deficiency sec- 
ondary to male CAH, complete androgen 
insensitivity syndrome, and 5o-reductase deficiency. 

When laparoscopy and biopsy identify a streak 
gonad, one should consider gonadal dysgenesis, which 
is pure gonadal dysgenesis with both gonads repre- 
sented as streaks (45,X, 45,X/46,XX, 45,X/46,XY), or 
mixed gonadal dysgenesis with a streak gonad and 
testis (45,X/46,XY, 46,XY). In cases with both a testis 
and ovary or ovotestes, one should consider true her- 
maphroditism (46,XX, 46,XX/XY, 46,XY). 
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Figure 6.14 Differential diagnosis of intersex disorders. (Adapted from flow diagram presented to the Society for 
Fetal Urology in 1999 by Thomas Kolon MD.) (FPH = female pseudohermaphroditism; GD = gonadal dysgenesis; 
MPH = male pseudohermaphroditism; TH = true hermaphroditism; MGD = mixed gonadal dysgenesis; CAH = 
congenital adrenal hyperplasia; AIS = androgen insensitivity syndrome; PMDS = persistent Müllerian duct syn- 
drome; genes are in italics (uncommon karyotypes in square brackets). 


Posterior urethral valves and lower 
urinary tract abnormalities 


This cause of lower urinary tract obstruction is now 
commonly diagnosed presumptively in the antenatal 
period. Previously, infants presented with failure to 
thrive, an abdominal mass, or urosepsis.!°* Common 
antenatal ultrasound findings include a distended 
thick-walled bladder, bilateral hydronephrosis, and 
oligohydramnios in some cases.!9-194195 Although the 
outcomes of patients diagnosed antenatally may be 
worse than those diagnosed postnatally, this is indica- 
tive of a greater severity of disease and should not be 
taken to mean that antenatal diagnoses will not 
improve outcome in these patients. 1°6 

There is significant variability in the treatment of 
infants with PUV. Appropriate treatment is usually 
determined based on the overall medical condition of 


the infant, including renal function, hydrational 
status, presence of infection and lung maturity, as well 
as caliber of the urethra. In general, some basic tenets 
are applicable to most cases. Catheter drainage of the 
bladder will allow decompression of the urinary tract 
and prophylactic antibiotics should be initiated at 
birth. Initial measures of renal function are reflective 
of the mother’s kidney function; therefore, catheter 
drainage should be maintained until the nadir creati- 
nine is reached. 197-200 Tf the creatinine falls below 1 
mg/dl, valve ablation with pediatric endoscopic 
equipment should be performed, after which careful 
monitoring of renal function, bladder function, and 
reflux should be continued while the child remains on 
antibiotic prophylaxis.?012% 

Infants whose renal function does not substantially 
improve pose a much more difficult management 
problem. In these patients minimizing intrarenal pres- 
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sure may have a positive effect on renal function. 
These patients may have either low or high urinary 
diversion. !97:198,203,204 Whereas upper tract diversion 
was commonly used in the past, vesicostomy is usu- 
ally the initial step to decompress these kidneys. 
Upper tract diversion does not appear to have an 
adverse effect on bladder function.2°° Consideration 
to upper tract diversion may be given in severe cases 
in order to minimize intrapelvic pressures and in 
those with urinary infection, as this optimizes renal 
drainage. However, little evidence exists that upper 
tract diversion really helps, unless infection has been 
present, and it complicates subsequent reconstruc- 
tion. Long-term outcome in these patients depends 
essentially on the degree of renal damage and on blad- 
der function.!°29 Older children may require anti- 
cholinergics and/or bladder augmentation for the 
‘valve bladder’ with high storage pressures. Reim- 
plantation to correct reflux may be necessary: The 
worst cases come to dialysis and eventual transplanta- 
tion. 

An ectopic ureterocele can present as an obstruct- 
ing lesion at the bladder neck. This condition occurs 
with a female prevalence of approximately 
3-4:].297-209 Cases in which the ureterocele creates a 
ball-valve obstructive mechanism have been reported 
and these have been detected antenatally.? Bilateral 
ureteroceles have also been diagnosed by ultrasound 
prior to birth. In general, these patients are managed 
initially by transurethral incision?!0?!4 (Figure 6.15). 
Once stabilized, they undergo final management, 
which may include treatment of reflux, excision of the 
ureterocele, and in some cases upper pole nephrec- 
tomy and ureterectomy.?"” As in all cases of lower uri- 


(a) (b) 


Figure 6.15 Technique for incision of ureteroceles: (a) 
incision for an intravesical ureterocele; (b) techniques 
for an ectopic ureterocele: (1) incising proximally, (2) 
puncturing urethal and intravesical segments sepa- 
rately. (From Blyth et al,2'° with permission.) 


nary tract obstruction, treatment of long-term blad- 
der dysfunction may be required. Infection is another 
indication for ureterocele incision. 

VUR can be the cause of the upper tract dilatation 
in as many as 35% of children with antenatal 
hydronephrosis.®” Recent reviews suggest that this is 
less likely in African—Americans and more common in 
males than females?!5-21© but all should be screened. 
Children with dilated upper tracts should have a 
VCUG to rule out reflux prior to treatment for other 
urinary tract abnormalities.?!7 


Circumcision injuries 


Circumcision is the most common surgical procedure 
performed in the USA, with approximately 600 000 
to 700000 operations performed annually.?18 A 
recent report suggests that circumcision rates are 
actually increasing in the USA. It was estimated in the 
period 1988-1991 ~48% of newborns underwent 
neonatal circumcision versus ~61% in the period 
1997-2000.2!9 Absolute indications for neonatal cir- 
cumcisions are few.22,22! In neonates with prenatally 
detected hydronephrosis, especially when reflux is 
identified, circumcision may be recommended 
because it decreases the likelihood of an early urinary 
tract infection (UTI).°”?22.2?3 Reports demonstrating 
a marked change in the periurethral and glanular bac- 
terial flora in boys after circumcision support this 
practice.??4 Indications for circumcision in older chil- 
dren include persistent phimosis, paraphimosis, and 
recurrent balanitis. A viable alternative to circumci- 
sion in infants and older children is the use of steroid 
cream.??5-226 This is typically accomplished by apply- 
ing 0.05% betamethasone cream to the prepuce twice 
daily for 4 weeks. Success rates of roughly 70-90% 
have been reported. Paraphimosis is best treated by 
pressure on the edemetous preputial skin and reduc- 
tion of the paraphimotic skin. If the glans cannot be 
replaced, a dorsal slit incision in the phimotic skin 
allows reduction. Circumcision in infants with known 
bleeding disorders, hypospadias, and congenital 
anomalies of the penis, buried penis, or prematurity 
should be delayed to a later date.227 

Complications of circumcisions are infrequent, 
occurring in 0.2-3%,?28 


1 Early acute complications: 
E bleeding 
E infection 
E laceration 
E amputation, usually partial 
E urinary retention 
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E skin loss 

E necrosis, sometimes due to overuse of cautery. 
2 Non-acute complications: 

E skin excess 

E skin asymmetry 

E skin bridges 

E skin chordee 

E epidermal inclusion cysts 

E concealed (buried) penis 

E phimosis 

E meatal stenosis 

E urethrocutancous fistula 

E circumcision despite hypospadias, removing 

skin needed for repair 
E plastibell specific 
E lymphedema. 


The majority of circumcision complications are 
minor.???-236 The incidence of complications is prob- 
ably higher than reported in the urologic literature 
since many are treated without referral and some do 
not present until the patient is much older. Compli- 
cations are best prevented by strict attention to the 
details of the procedure, which include sterile tech- 
nique, hemostasis, protection of the glans, and remov- 
ing the appropriate amount of inner and outer 
preputial skin.?97-*9 Certain anatomic variations may 
predispose to complications during neonatal circum- 
cision. Caruso et al suggested that a prominent fat pad, 
penoscrotal webbing, or prematurity are associated 
with a higher incidence of circumcision complica- 
tions.74° When complications occur, immediate atten- 


tion and treatment is the best management.*4!-745 
Bleeding is best managed by pressure, placing an 
absorbable stitch, or with electrocautery, though elec- 
trocautery should never be used with a metallic clamp 
device in place because of the risk of penile necrosis. 
Most of the cases that require immediate repair involve 
laceration or amputation of a portion of the glans 
(Figure 6.16). Commonly, these result from a cir- 
cumcision done using a Mogen clamp placed at an 
angle incorporating the frenulum which draws up the 
glans into the clamp.74 If the amputated portion of 
the glans can be retrieved it can be reapproximated 
with absorbable sutures. When amputation occurs, the 
amputated portion of the glans should be wrapped 
sterilely and kept cool on ice, but not submerged in 
saline. In most instances it can be reattached utilizing 
long-lasting absorbable sutures (ae: 
PDS).?42,243,245,246 Amputation of a portion of the 
penis involving the urethra should also be repaired by 
immediate reconstruction. Results are best if reap- 
proximation occurs within hours of the injury; how- 
ever, successful reapproximation after delays of up to 
18 hours have been reported.74” Most urethral injuries 
should have a staged reconstruction, although fistulae 
can be closed immediately if recognized.?4 

Penile skin loss as a result of circumcision can usu- 
ally be managed conservatively by application of 
antibiotic impregnated gauze. Ingrowth of skin usu- 
ally results in a good cosmetic appearance. Skin graft- 
ing is rarely necessary. Sometimes an apparently 
normal penis with a complete circumferential prepuce 
is found to have a hypospadiac meatus when the skin 


Figure 6.16 Amputation of the distal portion of the glans 


reattached. 


shown with urethra intubated. This was successfully 
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is incised or retracted. This rare form of hypospadias 
is called megameatus with intact prepuce. The cir- 
cumcision should be discontinued and any remaining 
skin left attached for possible later use in hypospadias 
repair. Plastibell circumcisions have their own specific 
complications, including a higher incidence of 
delayed wound infections and retained plastic cuff. 
Concealed or buried penis can result when the glans 
penis recedes below the circumcision scar and the scar 
then contracts?! due to insufficient removal of inner 
prepuce. 

Recently, much emphasis has been placed on the 
appropriate form of analgesia for circumcision. The 
best method of providing a penile block is with a ring 
block using lidocaine.”4?-?53 Single injection on the 
dorsum is the next best approach. EMLA cream 
requires a prolonged exposure to provide deep super- 
ficial analgesia>* 
preputial edema; consequently, it has not been the 
authors’ method of choice.25> A recent double- 
blinded study has suggested that EMLA cream can 
provide equivalent analgesia to a bupivacaine dorsal 


penile block without complications, suggesting that 
256 


and often results in moderate 


this is a reasonable alternative. 


Abdominal masses in the infant 


The neonate presenting with an abdominal mass is of 
particular importance to the pediatric urologist 
because the majority of such lesions arise in the 
retroperitoneum in general and the kidney specifi- 
cally.?57:258 Traditionally, they presented with a pal- 
pable mass. Although some still present this way, 
masses are far more likely to be detected by prenatal 
sonography. At the time of presentation to the urolo- 
gist most have already been categorized as solid, 
cystic, or hydronephrotic. The urologist must be 
familiar with the masses that originate from the geni- 
tourinary tract as well as the following broad spec- 
trum of other potential etiologies: 


1 Hydronephrotic and cystic lesions: 
E hydronephrosis 
E multicystic dysplastic kidney 
E cystic nephroma 
E autosomal recessive polycystic kidney disease 
E autosomal dominant polycystic kidney disease. 
2 Midline-pelvic cystic lesions: 
E hydrometrocolpos 
E ovarian cyst 
E distended bladder 
E urinary ascites. 
3 Solid lesions: 


E neuroblastoma 
E congenital mesoblastic nephroma 
E Wilms’ tumor 
E rhabdoid tumor 
E clear cell sarcoma 
E angiomyolipoma 
E ossifying tumor of the kidney 
E renal vein thrombosis 
E renal artery thrombosis 
E adrenal hemorrhage. 
4 Non-genitourinary lesions: 
E pulmonary sequestration 
E hepatic lesions 
E gastrointestinal lesions 
E germ cell tumors 
E sarcoma 
E sacrococcygeal teratoma. 


Figure 6.17 provides a flow diagram that outlines 
the general framework used to evaluate the lesions 
identified antenatally. The evaluation of an infant 
with a mass often becomes a continuation of the eval- 
uation that began prenatally. It is important to note 
that neonates with masses represent a diagnostic 
emergency for both parent and referring physician, 
but rarely do they require emergency surgery and pre- 
natal intervention is almost never indicated. 


Hydronephrotic lesions 


Ureteropelvic junction (UPJ) obstruction causing 
hydronephrosis remains one of the most common 
causes of an abdominal mass in the neonate.2°? The 
diagnosis is almost always made by prenatal ultra- 
sound.?®? Significant hydronephrosis has an incidence 
of approximately 1:600 infants; however, 
hydronephrosis causing an abdominal mass is much 
less common.°! Barring the development of oligohy- 
dramnios or anhydramnios, most fetuses are observed 
until term delivery. UPJ obstruction is usually unilat- 
eral but can be bilateral in up to 20-40% of cases.?°? 

Postnatal management prophylactic 
antibiotics and postnatal sonography. The authors 
typically wait 48 hours after birth to perform sonog- 
raphy to minimize the incidence of false-negative 
studies, although the data suggest that this traditional 
delay is unnecessary.*°* Clearly in the face of a 
neonate with a mass no delay is warranted. If 
hydronephrosis is detected and no ureter is visualized, 
the presumed diagnosis of UPJ is made. A VCUG 
will exclude the possibility of ipsilateral or contralat- 
eral reflux. This test should be performed before any 
intervention is considered. To establish the diagnosis, 


includes 
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(41) Unilateral hydronephrotic and cystic lesions can be evaluated as an outpatient. 


(2) Bilateral lesions should be evaluated prior to discharge. 
(3) Masses should be evaluated prior to discharge. 


Figure 6.17 Postnatal flow diagram. (VCUG = voiding cystourethrography; IVP = intravenous pyelogram; CT = 
computed tomography; MRI = magnetic resonance imaging; PCKD = polycystic kidney disease; PUV = posterior 


urethal valves; UPJ = ureteropelvic obstruction.) 


a well-tempered renogram is performed. When per- 
forming Lasix (furosemide) renograms it is important 
to optimize the study by following an accepted pro- 
tocol and ensuring that the infant is well 
hydrated.?°+6° Prophylactic antibiotics are discontin- 
ued when reflux and obstruction are excluded. 

In cases where it is believed that the obstructed 
kidney may have minimal function, proceeding with 
evaluation and treatment earlier is often indicated 
because the neonatal kidney has significant ability to 
regain function. When presentation involves an 
abdominal mass from massive hydronephrosis, evalu- 
ation of viable renal parenchyma is difficult. In these 
cases a period of percutaneous drainage followed by 
nuclear scintigraphy to evaluate function may reveal a 
salvageable renal unit. A biopsy at the time of surgi- 
cal correction has the best predictive value with 


regard to future renal function (Figure 6.18).?° If no 
function is present on the renal scan the diagnosis of 
multicystic dysplastic kidney (MCDK) must be con- 
sidered. 

Treatment of the UPJ depends on the degree of 
obstruction and whether the lesion is unilateral or 
bilateral.*°” Clearly, children with significant bilateral 
obstruction require early intervention. Since surgical 
repair of UPJ in infants does not have a higher com- 
plication rate than in larger children, age does not 
affect the decision to intervene surgically.?°8 


Renal cystic lesions 


Increasingly, cystic mass lesions in the neonatal 
period are detected antenatally by sonography. In 
evaluating these lesions it is useful to divide them into 
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Figure 6.18 End-stage ureteropelvic junction obstruc- 
tion showing how the dilated calices can mimic cystic 
structures. 


unilateral and bilateral categories. This allows a nat- 
ural division of diagnostic possibilities.26? Most 
lesions are detected antenatally but do not require 
intervention or further evaluation until after birth. 


Unilateral lesions 


MCDK is the second most common cause of an 
abdominal mass in infants.2”° Usually the mass is uni- 
lateral and may be palpable as a multilobular ‘cluster 
of grapes’ that transilluminates. These lesions may be 
quite large and can impede normal feeding because of 
compression of the stomach; alternatively, they may 
impinge on the diaphragm and affect respiration. 
Importantly, this lesion has a high incidence of asso- 
ciated contralateral renal abnormalities. Contralateral 
lesions are seen in upwards of 25% of these chil- 
dren.?7!272 The two most common kidney lesions are 
UPJ obstruction and contralateral VUR. Miller et 
al273 recently reported an incidence of contralateral 
VUR of 26.4%. The majority (89%) of the VUR was 
low grade (I or II). The majority of the cases under- 
went spontaneous resolution. While US evaluation of 
the contralateral kidney should be performed, the 
need for a VCUG in cases where the contralateral 
kidney is normal by sonography is controversial. 
Diagnosis of MCDK is usually made postnatally 
with a sonogram, which shows a multiloculated mass 
with little parenchyma (Figure 6.19). The cysts are 
generally non-connected. When the cysts appear to be 


Figure 6.19 Sonogram of multicystic dysplastic 
kidney. (From Anthony Balcom, Milwaukee, WI, with 
permission.) 


connected, the diagnosis of severe UPJ obstruction 
should be entertained. Although there are reports of 
familial lesion, most are sporadic and familial screen- 
ing in the absence of a significant familial history is 
not warranted.*”* The diagnosis is confirmed with a 
dimercaptosuccinic acid (DMSA) scan that demon- 
strates no function of the affected side. Contralateral 
imaging with sonography to rule out obstruction or 
bilateral MCDK is mandatory. Ureteral atresia is 
associated with a higher incidence of contralateral 
abnormalities than is renal pelvic atresia?” 

Whereas previously nephrectomy was commonly 
performed, today serial sonography is the standard. 
Multicystic kidneys typically regress.?”°’7 To date no 
reliable predictive features of regression have been 
identified, with the possible exception of initial size 
<62mm.?78 Rare reports of malignancy have led 
some to suggest that these lesions should be removed 
if they persist, and only lesions that involute be man- 
aged non-operatively.?””,8° More recently, it is rec- 
ognized that the likelihood of malignancy is extremely 
rare.?8! Rarely, lesions that compromise respiration 
or feeding, or are associated with hypertension, 


should also be excised.28? 


Bilateral cystic lesions 


Autosomal recessive polycystic kidney disease 
(ARPKD) is an inherited nephropathy with an over- 
all incidence of approximately 1:20 000 and presents 
with varying degrees of severity.783 Children present 
with massively enlarged kidneys that are typically seen 
on antenatal or postnatal sonograms as homoge- 
neously hyperechogenic. In severe cases oligohydram- 
nios and Potter’s facies may be present. The 
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sonographic pattern is sufficiently different from that 
of MCDK and autosomal dominant polycystic kidney 
disease (ADPKD) to distinguish reliably between 
these. Pathologically the kidneys of these children 
exhibit ectasia and cystic dilatation of the collecting 
tubules. Associated conditions include pulmonary 
hypoplasia and hepatic fibrosis, which both con- 
tribute significantly to morbidity. Abnormalities of 
the the ARPKD gene, PKHD1, are responsible for 
this disease. Prognosis for these children depends on 
the spectrum of their disease, but is generally poor, 
with those surviving the neonatal period requiring 
hemodialysis and transplantation.?84 Up to 30% of 
children die as neonates, with 20-45% progressing to 
end-stage renal disease by age 15.285 

ADPKD has an incidence of 1 in 500 to 1 in 1000 
births, and two gene sequences on chromosome 16 
(PKD1) and chromosome 4 (PKD2) have been asso- 
ciated with this disorder.?8°?87 Approximately, 85% 
of cases are related to an abnormality of PKD1.788 A 
third locus, PKD3, has been proposed but remains 
unidentified.288 Although formerly called ‘adult’ poly- 
cystic kidney disease, this name is inaccurate as the 
condition has been identified in children. Patients 
with this disease may be diagnosed by prenatal sono- 
gram. Sonography is also the primary modality used 
to screen potentially affected siblings.?8? Infants born 
with this disorder often have massive renomegaly and 
severely affected infants have poor survival. It is 
important to remember that in children the disease 
may initially present unilaterally or with asymmetry. 
A meta-analysis of the cases identified in utero 
revealed that 43% of cases died before the first year of 
life and a significant proportion (67%) developed 
hypertension by age 3.220 Children who do not pre- 
sent in the neonatal period often come to attention 
later in life with hypertension, impaired renal func- 
tion, proteinuria, or hematuria. Associated conditions 
include hepatic and pancreatic cysts as well as cerebral 
aneurysms. Although the outlook for these patients is 
improving, a significant number eventually develop 


renal failure.2?! 


Midline cystic abdominal lesions 


As with UPJ and MCDK, modern ultrasonography 
has greatly facilitated the diagnosis of other less 
common cystic abdominal masses in infants. Previ- 
ously, children would often undergo laparotomy to 
establish such a diagnosis. 

Hydrometrocolpos refers to the distention of the 
vagina with mucus and blood derived from uterine 


and cervical glands. Produced in response to maternal 
estrogens, it results from vaginal obstruction sec- 
ondary to imperforate hymen or other obstructive 
vaginal anomalies such as transverse vaginal septum, 
or vaginal atresia.29? In patients with a mid or high 
transverse septum or vaginal agenesis, a thorough 
search for associated genitourinary and gastrointesti- 
nal abnormalies should be performed.?? It most 
commonly presents as a midline abdominal mass 
and/or an interlabial mass in the perineum, which is 
the bulging imperforate hymen. The diagnosis has 
also been made on antenatal sonography.??42%5 Care- 
ful physical examination will show that the mass is 
anterior to the rectum. Sonography will indicate that 
the lesion is behind the bladder. A common finding in 
these patients is lower urinary tract obstruction and 
hydronephrosis.?”° Once the diagnosis is made, inci- 
sion of the hymen and drainage result in resolution of 
the mass. Hydronephrosis then usually resolves with 
time. Care must be taken because simple percuta- 
neous drainage may result in reaccumulation of secre- 
tions within the vagina. Serial ultrasonography 
should be performed to ensure that the hydronephro- 
sis resolves. Other causes of an interlabial mass in a 
newborn infant include hydro(metro)colpos, pro- 
lapsed urethra, prolapsed ureterocele, and parau- 
rethral cyst. 

Ovarian cysts are the third most common cause of 
an intra-abdominal mass in an infant, after renal and 
gastrointestinal causes. They may exist in up to 30% 
of neonates.??” This diagnosis has been made prena- 
tally by ultrasound as well as postnatally.2?° The clas- 
sic prenatal sonographic appearance is that of an 
anechoic, unilocular mass in the fetal pelvis. Any 
internal echogenicity suggests cyst torsion or hemor- 
rhage.” The majority of cysts regress and only 
require observation. Large cysts may compromise 
bowel or respiratory function. Adnexal torsion in 
females followed by cystic degeneration of the ovary 
may occur. This situation is typically managed by 
excision of the cystic mass (Figure 6.20). This can be 
accomplished by open surgery or may be achieved 
laparoscopically, even in infants”? (Figure 6.21) . 

Dilation of the urinary bladder or megacystis can 
also result in an abdominal mass. It is most typically 
associated with posterior urethral valves in male 
infants. The classic US findings include a dilated, 
thickened bladder and a dilated posterior urethra 
(‘keyhole sign’). Other potential causes include ure- 
thral atresia, megacystis-microcolon syndrome, prune 
belly syndrome, and ureterocele obstructing the 
bladder outlet. Neonatal urinary ascites previously 
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Figure 6.20 Torsion of the ovary presenting as a com- 
plex cyst. 


Figure 6.21 Laparoscopic identification of ovarian tor- 
sion. 


presented as an enlarged abdomen in newborns; how- 
ever, today the diagnosis is frequently made in utero 
by antenatal sonography.300-301 Ascites in the fetus or 
newborn can be from urologic and non-urologic 
causes. Urinary ascites accounts for about 30% of all cases 
of neonatal ascites??? Among urologic causes, lower 
urinary tract obstruction and trauma are most 
common. Specifically, PUV, urethral stenosis, distal 
ureteral stenosis, and obstructing ureteroceles have all 
been associated with neonatal urinary ascites#0?-307 
(Figure 6.22). Less frequently, obstructed and 
hydronephrotic kidneys may also be the cause. In 
these cases, extravasation of urine occurs either from 
the bladder or, more commonly, from a forniceal rup- 
ture in the kidney. Ascites from unilateral obstruc- 
tive lesions has been reported, although far less 
commonly than in cases of bilateral obstruction.#!° 
Alternatively, perinatal trauma to the urinary tract 
may also cause neonatal ascites.*!! In particular, 


Figure 6.22 (a) Voiding cystourethrogram of urinary 
ascites: the black arrows point to the liver edge. (b) 
Ultrasound study showing a retroperitoneal urinoma. 
K, kidney; U, urine collection. (From Rittenberg et al,3°8 
with permission.) 


umbilical artery catheterization with inadvertent blad- 
der perforation is an important cause of neonatal uri- 
nary ascites.312-313 

Sonography and VCUG can usually determine the 
urologic abnormality and site of extravasation in 
those with neonatal urinary ascites. Historically, plain 
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film X-ray findings of a ground-glass appearance of 
the abdomen with floating loops of bowel have been 
described in patients with ascites. Neonatal urinoma, 
which may or may not be associated with ascites, can 
be identified by a ‘€ sign, a rim of opacified contrast 
around the kidney on intravenous pyelography 
(IVP).*!4 Clinically, these patients can be quite ill. 
The characteristic laboratory findings include hypona- 
tremia, hyperkalemia, and elevated serum creati- 
315 Treatment is individualized, but urinary 
drainage with a urethral catheter allowing the 
intraperitoneal urine to be reabsorbed, along with uri- 
nary antibiotic prophylaxis, is often sufficient. Open 
drainage may be required in instances where infection 
of the urine occurs or when respiratory embarrass- 
ment is due to the mass effect. Previous reports of 
70% mortality have improved to less than 15% in 
more recent series.07,316,317 Recently, De Vries et 
al?!8 reported long-term follow-up of a series of 
patients with severe obstruction that had good lower 
tract and renal function. Like others, the authors pos- 
tulate that the development of ascites serves as a pro- 
mechanism, allowing the kidney to 
decompress and minimizing damage from obstruc- 
319-321 Non-urologic causes of neonatal ascites 
include erythroblastosis fetalis, cardiac or hepatic 


abnormalities, sepsis, and gastrointestinal perfora- 
259 


nine. 


tective 


tion. 


tion. 


Solid lesions 


Solid lesions in children are being detected prenatally 
with increasing frequency. One of the best examples 
is neuroblastoma.3?2:323 Whereas early detection of 
neuroblastoma does not necessarily change initial 
management, it results in the child receiving treat- 
ment sooner. In addition, patients with neuroblas- 
tomas detected early in life have a better outlook. 
Thus, early diagnosis probably improves the progno- 
sis.3? As a rule, solid lesions detected antenatally are 
followed before delivery, and then after birth are 
imaged by computed tomography (CT) scan or MRI. 
Occasionally, a postcontrast kidney, ureter, and blad- 
der (KUB) film may clarify the diagnosis. No indica- 
tions for antenatal intervention exist for solid lesions. 

Sacrococcygeal teratoma represents the most 
common fetal neoplasm, with an estimated incidence 
of 1 in 40000 births. The majority occur in 
females. Intrapelvic lesions may be difficult to diag- 
nose. The presumptive in-utero diagnosis has been 
made by ultrasound. When this lesion is suspected in 
the postnatal period it is best evaluated by CT or 


MRI.??5 The tumor may cause obstruction of the uri- 
nary tract with resultant hydronephrosis. Treatment 
typically consists of surgical excision 

Neuroblastoma is the most common solid malig- 
nant tumor in neonates and is characterized by its 
variability in presentation.*7© This tumor effects 
1:7000 children, with 40% of cases diagnosed in chil- 
dren <1 year of age.*?” The tumor is often identified 
prenatally.?8-33! In addition to prenatal ultrasound, 
fetal MRI can contribute to the prenatal evalua- 
tion.33? Many factors, including age at detection and 
location, affect overall outcome. Early diagnosis and 
treatment may be critical in some cases.333 However, 
information derived from countries with mandatory 
postnatal screening for neuroblastoma suggests that 
many tumors detected in the perinatal period regress. 
Therefore, some infants diagnosed very early may 
have unnecessary interventions.334336 More recently, 
well-designed studies have demonstrated that neona- 
tal screening is unlikely to effect mortality in 
327 The Children’s Oncology Group cur- 
rently is conducting an observation pilot study for 
children presenting with perinatal neuroblastoma. 
Specific inclusion criteria are: age <3 months; sono- 
graphically identified adrenal mass, which is <16 ml 
in volume, if solid, or <65 ml if at least 25% cystic, 
and which does not cross the midline. 

On physical examination, neuroblastoma has been 
classically described as a firm, fixed lesion that may 
cross the midline. Children may also present with 
bulky metastatic disease that includes a palpable liver 
and subcutaneous nodules that characterize stage IV-S 
disease. This form usually undergoes spontaneous 
regression.**” Imaging by ultrasound can usually sug- 
gest the diagnosis. Confirmation is made by CT scan 
or MRI. These studies show a lesion that displaces the 
kidney but does not arise from the kidney (Figure 
6.23). The appearance of a tumor arising from the 
kidney will cause a beaking effect of the renal tissue 
(Figure 6.24). Despite modern imaging techniques 
the diagnosis of neuroblastoma may be confused with 
other less common conditions, such as pulmonary 
sequestration.*#8 Cystic neuroblastomas detected pre- 
natally have also been reported, so the diagnosis 
should not be excluded on the basis of a cystic com- 
ponent.33%-343 Most neuroblastomas cause elevations 
of urinary catecholamines, which should be checked 
in all such patients. 

Treatment varies from observation to surgery for 
those patients with early-stage localized disease. Mul- 
timodal therapy, including chemotherapy and radio- 
therapy, is indicated in patients with advanced 


neonates. 
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Figure 6.23 (a) CT scan showing displacement of the 
kidney by neuroblastoma (note no beaking of the renal 
tissue). (b) MRI showing neuroblastoma in relation to 
the kidney. (c) MRI showing normal renal contour con- 
firming that the tumor is separate from the kidney. 


Figure 6.24 (a) Wilms’ tumor showing beaking of the 
renal tissue, confirming its intrarenal location. 
(b) Bivalved tumor showing the beaking effect of the 
normal renal tissue around the mass. 


disease. There are several clinical trials of experimen- 
tal drugs in the high-risk group. Treatment protocols 
are available through the Children’s Oncology 
Group.333,334 

Although Wilms’ tumor is the most common renal 
tumor in children, it occurs infrequently in the neona- 
tal period.345 In children <6 months of age, congen- 
ital mesoblastic nephroma is a more common cause of 
a solid renal lesion; however, Wilms’ tumor, rhabdoid 
tumors, clear cell tumors, renal cell carcinoma, 
angiomyolipoma, and ossifyng tumors are known to 
occur.?46347 Most of these present as a neonatal 
abdominal mass, less frequently as hematuria, parane- 
oplastic syndromes, or hypertension.%8 Wilms’ 
tumor has also been detected by prenatal US evalua- 
tion.*49-351 Associated findings in the prenatal period 
include fetal hydrops and polyhydramnios.*#8 Postna- 
tally these children may have a palpable mass and in 
some cases hypertension. Children born with known 
associated syndromes such as aniridia, WAGR syn- 
drome, Denys-Drash symdrome, or Beckwith- 
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Wiedemann syndrome develop tumors at a younger 
age and are more likely to have bilateral lesions; there- 
fore surveillance US should be performed.** Bilateral 
nephroblastomatosis, aniridia, and 1lp13 deletion 
result in the development of Wilms’ tumor in close to 
100% of affected individuals (Figure 6.25). These 
patients may develop bilateral Wilms’ tumor, requir- 
ing nephron-sparing surgical techniques. Evaluation 
of the vascular anatomy is best performed with MR 
angiography**? (Figure 6.26). The treatment is based 
on stage of the tumor and involves surgery, 
chemotherapy, and sometimes radiation therapy. The 
common chemotherapy agents utilized include vin- 
cristine, doxorubicin, and dactinomycin. Readers are 
referred to the Children’s Oncology Group protocols 
for specific therapy recommendation. 

Congenital mesoblastic nephroma is a rare renal 
tumor that is the most common solid renal mass in 
children <6 months of age (50%). Eighty percent of 
these lesions are discovered in the first month of 
life.353 Congenital mesoblastic nephroma may fre- 
quently be detected prenatally, where it is associated 
with polyhydramnios in approximately 70% of 
cases.*°+ Typically, the lesion is noted as a solid 
intrarenal mass on sonogram that appears fibroid 
when removed?’ (Figure 6.27). A cystic form can 
also occur*? (Figure 6.28). Pathologically, the tumor 
can be divided into two groups: classic and cellular. 
The classic lesion represents one-third of cases and is 
microscopically similar to a leiomyoma and does not 
metastasize. 356-357 The cellular variant has the poten- 
tial for local recurrence and metastasis.348-357 In-utero 


Figure 6.26 Phase-contrast magnetic resonance 
angiography. The open arrow indicates the superiorly 
displaced right renal artery from a Wilms’ tumor. The 
solid arrow indicates the single left renal artery. (From 
Ferrer et al,352 with permission.) 


treatment usually consists of observation and man- 
agement of polyhydramnios with its attendant 
complications. Postnatally, nephrectomy is recom- 
mended. In cases where metastases have occurred, 
chemotherapy may be warranted, 348,358 Hypercal- 
cemia requiring treatment has been documented but 
usually resolves after nephrectomy.*48 Cases requiring 
urgent surgery following tumor rupture and hemor- 
rhage have been reported 2°"? 

Renal vein thrombosis (RVT) may be the cause of 
a mass in a neonate. The characteristic clinical presen- 
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Figure 6.25 (a) CT scan of cystic mesoblastic nephroma. (b) Bilateral Wilms’ tumor in a patient with aniridia. 
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Figure 6.27 Solid mesoblastic nephroma in a 3-day- 
old patient: (a) surgical picture; (b) bivalved lesion 
showing a typical fibroid appearance. 


tation of RVT — an enlarged kidney, hematuria and 
proteinuria in an ill infant — is only present in a small 
percentage of patients (Figure 6.29). Low platelet 
counts due to consumption by the developing throm- 
bus may be seen. Infants appear to be predisposed to 
this condition, because of lower renal arterial and 
venous flow rates, than older children and adults. 
Reports of prenatal diagnoses of RVT are now com- 
monplace.*°73°3 RVT is most commonly associated 
with risk factors that include dehydration, sepsis, birth 
asphyxia, maternal diabetes, polycythemia, cardiac dis- 
ease, protein C deficiency, twin-twin transfusion, and 
presence of an umbilical catheter.%°? In addition, the 
significance of prothrombotic risk factors, such as factor 
V, are increasingly being recognized.#°4+3 The throm- 
bosis starts in the venules within the kidney and pro- 
gressively extends to the major renal vein or veins. The 
diagnosis is most commonly made by ultrasound 
(Figure 6.30). Initially, the lesion appears as highly 
echogenic streaks within the kidney. Subsequently, the 
kidney becomes enlarged and echogenic, with loss of 


nephroma. (b) Cystic mesoblastic nephroma after exci- 
sion. (c) Bivalved cystic mesoblastic nephroma. 


corticomedullary differentiation.*°! Treatment of uni- 
lateral RVT is supportive, with hydration and correc- 
tion of any predisposing abnormalities.*% Bilateral 
thrombosis requires more aggressive treatment and has 
a worse prognosis, but thrombus removal has not 
proven helpful. These patients warrant treatment with 
either heparin or systemic thrombolytic therapy in order 
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Figure 6.29 Renal vein thrombosis. (a) Enlarged left kidney with echogenic intermedullary streaks and echopoor 
medullary pyramids (arrows). (b) Same patient's right kidney showing swelling of the upper pole and focal 
echogenic intermedullary streaks. (From Hibbert et al,26' with permission.) 


thrombosis. Ultrasound 


Figure 6.30 Renal vein 
through the IVC showing thrombus within the IVC at 
the level of the renal vein. (From Hibbert et al,381 with 
permission.) 


to minimize morbidity. 367-368 Recent reports suggest 
that those who receive aggressive therapy with antico- 
agulants fare better than those who do not.363 Patients 
with unilateral thrombosis usually do well, whereas 
those with bilateral thrombosis have a higher rate of 
complications such as renal failure.36? All patients must 
have long-term monitoring of renal function and eval- 
uation for hypertension, which is common.370.371 


Renal artery thrombosis does not commonly pre- 
sent as a neonatal mass.?”2 The occurrence of this dis- 
order has increased significantly in relation to the 
increased use of umbilical artery catheters, despite 
the fact that a causal relationship was identified some 
time ago.373 The diagnosis is commonly made with 
Doppler ultrasound, which demonstrates the absence 
of flow in the renal artery. Treatment options include 
supportive measures, thrombolytics, and surgery, 
depending on the extent of thrombosis and whether 
or not aortic involvement exists.374-377 

Neonatal adrenal hemorrhage is associated with 
traumatic or difficult labor, neonatal hypoxia, sep- 
ticemia, or coagulopathy. Traditionally, it is believed 
that the relatively large size and vascularity of the new- 
born gland predisposes it to bleeding. A study using 
ultrasound to screen newborns for adrenal hemor- 
rhage in 8374 pregnancies reported an incidence of 
1.9 per 1000 births.*78 In this report, 13 cases were on 
the right, two on the left, and one was bilateral. These 
findings corroborate previous reports indicating a 
right-sided predominance and 10% bilaterality. Diag- 
nosis is made by ultrasound, and antenatal diagnosis 
has been made in the second and third trimesters 
(Figure 6.31). Identification by ultrasound is usually 
reliable, but in some cases it is difficult to differentiate 
from an adrenal neuroblastoma*”?-*8! (Figure 6.32). 
In difficult cases, CT and MRI may be helpful in the 
diagnosis. 387,388 Negative urine catecholamines also 
support the diagnosis of adrenal hemorrhage. 
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Figure 6.31 Prenatal adrenal hemorrhage identified as 
a complex cyst on sonogram. (From Burbige,?’2 with 
permission.) 


Experience has confirmed the initial belief that the 
majority of infants with adrenal hemorrhage require 
no treatment except for occasional phototherapy and, 
rarely, transfusion.*°+385 Resultant adrenal insuffi- 
ciency is uncommon. Observation for resolution and 
monitoring of hematocrit and bilirubin should be 
routine. Occasionally, steroid replacement for tempo- 
rary adrenal insufficiency is required. 

Cystic nephroma is a rare benign renal neoplasm. 
Lesions may be unilateral or bilateral, and bilateral 
metachronous lesions have been reported.*°° Partial 
nephrectomy is appropriate when possible to preserve 
renal parenchyma (Figure 6.33). 


Figure 6.32 Postnatal confirmation of a complex cystic lesion superior to the kidney. Surgical exploration later con- 
firms adrenal hemorrhage. (From Burbige,?”9 with permission.) 


Figure 6.33 Multilocular cyst of the kidney (cystic nephroma). (a) CT scan of cystic nephroma in the left kidney with 
a normal right kidney. (6) CT scan of the same patient 2 years later with a solitary right kidney and metachronous 
cystic nephroma. (From Ferrer and McKenna,2®° with permission.) 
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Rhabdomyosarcoma is an uncommon neoplasm of 
the lower urinary tract in children. Lesions may occur 
in the bladder, prostate, vagina, or uterus (Figure 
6.34). Presentation in infancy depends on the organ 
of origin and may include hematuria, vaginal bleed- 
ing, or obstruction of the urinary tract. Treatment is 
multimodal, including chemotherapy, radiation ther- 
apy, and exenteration followed by reconstructive 
surgery.387388 As a result of collaborative efforts by 
the Intergroup Rhabdomyosarcoma Study, treatment 
results for these patients are improving. Current 
efforts are focused on bladder preservation.*8? Dys- 
functional bladders may result, however, from high 
doses of chemotherapy and radiation. 

Germ cell tumors are rare in children and their pre- 
sentation as a lower abdominal mass is extremely 
uncommon. They may occur as an ovarian mass or as 
a mass in an undescended testis.2939! Treatment for 
these tumors is dependent on stage at diagnosis but is 
usually multimodal including surgery and platinum- 


based chemotherapy, depending on histology. 


Enterocystoplasty and the acute abdomen 


Bladder augmentation with bowel segments is com- 
monly performed in children with neuropathic blad- 
ders, bladder tumors, and exstrophy. Most of these 
patients require clean intermittent catheterization 
after bladder augmentation and have poor bladder 
sensation. A combination of poor sensation and 
overdistention can lead to a spontaneous augmenta- 
tion rupture, an acute abdomen, and life-threatening 
sepsis. The presentation can be confusing because 
most patients have altered abdominal sensation, so 


Figure 6.34 Pelvic sarcoma with displacement of the 
bladder superiorly. Note Foley balloon in the bladder. 


identifying the source of sepsis can be difficult. A cys- 
togram may not reveal extravasation and the best 
rapid screening study may be a sonogram that shows 
floating loops of bowel. Early surgical exploration is 
indicated. The rupture is usually located at the poste- 
rior suture line between the bladder and augmented 
bowel. Whenever a patient with a bladder augmenta- 
tion presents with sepsis, this diagnosis should be 
considered. 


Intraoperative consultations 


The best approach to intraoperative consultations is 
to take the time to obtain a complete history. This is 
usually chart based but may include talking to the par- 
ents prior to making a quick decision about a complex 
question. This is also the case when one is asked about 
a surgical finding or called to address a surgical com- 
plication. After the chart review and appropriate his- 
tory, it is best to scrub into the case and review the 
exact location of the lesion from the skin to the region 
of question. One must take a fresh look at the situa- 
tion and not rely totally on the primary physician. 
When any questions arise that deal with surgical exci- 
sion of a mass, multiple radiologic modalities can be 
used intraoperatively, and frozen section sampling is 
available. There is little to be lost in closing the 
patient who needs further evaluation, which cannot 
be undertaken in the operating room, and reoperating 
when the problem is better understood. 

Many unusual structures may be found during a 
pediatric hernia repair. Among these is the finding of 
reproductive organs appropriate to the opposite sex. 
Although rare, this will usually generate an intraoper- 
ative consultation. In males, the finding of female 
organs, such as a fallopian tube or uterus, is termed 
persistent Miillerian duct syndrome? 
ine inguinale. The cause of this anomaly is a failure of 
Sertoli cell production of Miillerian inhibiting sub- 
stance (MIS), leading to feminization of pelvic struc- 
tures. The testis should be undescended, but 
otherwise the patient is phenotypically male. Intraop- 
erative biopsy confirms the presence of a normal 
testis. Excision of the female structures should be per- 
formed with care, avoiding injury to the adjacent 
functioning Wolffian duct structures. Excision is 
important because of the risk of future malignancy 
arising in these tissues.3?3 Others have recommended 
that they be left in place to avoid potential injury.4?4 
In phenotypic females, the finding of male reproduc- 


tive structures during hernia repair suggests testicular 
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feminization. Here, the timing of excision of the male 
gonads is controversial: if removed early, exogenous 
estrogens must be administered to induce normal 
maturation at puberty; if left in situ until puberty, the 
testis must then be removed because of the high pos- 
sibility of developing gonadoblastoma.*?° Laparo- 
scopic removal of the testis allows for a minimally 
invasive approach yet permits direct molecular analy- 
sis of the specimen.3?® Over 40 other tissues have 
been identified in and around the hernia sac. They 
include normal structures drawn into the sac, organ 
duplications as ‘rests’, inflammatory lesions, tumors, 
and drainage from the abdomen into a patent proces- 
sus vaginalis.?°7 


1 Organs drawn into the hernia sac: 
E appendix 
E bladder 
E gonad 
E Meckel’s diverticulum 
E omentum 
E bowel 
E pelvic kidney 
E ureter 
® uterus. 
2 Aberrant rests: 
E adrenal 
E ectopic renal tissue 
E accessory spleen. 
3 Inflammatory lesions: 
E abscess 
E funiculitis 
E granulomas 
® sarcoidosis 
E meconium granuloma 
E parasitic disease 
E peritonitis 
E polyarteritis nodosa 
E vasitis nodosa 
E xanthogranuloma. 
4 Tumors and benign lesions: 
E adrenal tumor 
E dermoid cyst 
E epidermoid cyst 
E epididymal cysts and nodules 
E calculi 
E hemangioma 
E lymphangioma 
E mesenchymoma 
E neuroblastoma 
E paratesticular cyst/rhabdomyosarcoma 
E spermatic cord tumors 


E spermatocele 
E tunica albuginea cyst 
E tunica vaginalis cyst 
E venous thrombosis 
E Wilms’ tumor. 

5 Lesions that appear because of patent processus 
vaginalis: 
E adrenal hemorrhage 
E endometriosis 
® meconium 
E blood. 


Unusual findings in the spermatic cord of which 
the urologist should be aware include those listed 
above, particularly ectopic adrenal tissue and acces- 
sory spleens.39839 In cases of ectopic adrenal tissue 
the yellow color and an appearance similar to the 
normal gland usually aid identification. Neuroblas- 
toma has also been reported to present as a mass in 
the spermatic cord.4°° In addition to the more 
common scrotal masses, heterotopic Wilms’ tumor 
and neuroblastoma have been reported.#®! Both 
adrenal and splenic tissue have also been found in the 
scrotum, and splenogonadal fusion is not uncommon 
with an undescended left testis. Excision of these 
masses is usually best, with careful pathologic evalua- 
tion to confirm the diagnosis. 

Although vasal injuries are most commonly diag- 
nosed later in life during the work-up of infertility, 
vasal injury during pediatric hernia repair mandates 
intraoperative pediatric urologic consultation. Previ- 
ous studies have documented the ease with which 
vasal trauma may occur secondary to intraoperative 
manipulation.*°? In cases of transection, immediate 
microvascular repair is indicated. Crush injuries may 
result in future obstruction. In these situations the 
decision regarding treatment must be individualized. 
In most instances observation is indicated. However, 
when a severe crush injury has occurred, as when a 
clamp is applied and closed with obvious injury, exci- 
sion and primary reanastomosis is indicated. 

Intraoperative consultations relating to the bladder 
are usually a result of trauma or iatrogenic injury 
during surgery. Intraoperative injury to the bladder is 
rare but may occur secondary to percutaneous laparo- 
scopic procedures or during inguinal hernia repair. 
When it happens it is best managed by primary clo- 
sure, and bladder drainage in the postoperative period 
via a urethral catheter and/or suprapubic tube. 
Perivesical drainage is also appropriate in the imme- 
diate postoperative period. A cystogram to confirm 
the absence of extravasation should be performed 


92 Clinical pediatric urology 


prior to removal of drainage catheters. Rarely, during 
umbilical hernia repair, a urachal abnormality is dis- 
covered. In these cases the urachus should be traced 
to the dome of the bladder and excised with primary 
closure of the bladder.#°! If the diagnosis is uncertain, 
an intraoperative cystogram may clarify the picture. 

Most consultations related to the kidney and ureter 
are in patients with renal trauma. The basic recommen- 
dation 1s not to explore the flank even when an expanding 
mass is present until normal function of the contralateral 
kidney has been assured. When an expanding retroperi- 
toneal mass is explored after trauma, early renal vas- 
cular control should be the main objective. Traumatic 
separation of the ureter and pelvis occasionally occurs 
in children. Unlike many injuries where drainage and 
observation is indicated, complete avulsion of the 
ureter should be surgically repaired as quickly as pos- 
sible. It is a more complex procedure than a standard 
UPJ repair because the pelvis is almost always 
intrarenal and mobilization of the kidney and ureter 
to prevent tension on the anastomosis can be difficult. 
The procedure is much more difficult if the correction 
is delayed because of edema with subsequent scar for- 
mation. 

As a result of advances in imaging and thorough 
preoperative evaluations, consultations because of a 
previously undiagnosed renal mass, formerly 
common, are now unusual. Despite this, the urologic 
surgeon should bear in mind that occasionally an 
ectopic or a pelvic kidney may be confused with a 
pelvic mass and indicate intraoperative consultation. 
Reports of inadvertent nephrectomy in patients with 
solitary ectopic kidneys are found in the literature.40! 
When it is unclear whether the mass in question is a 
solitary kidney, intraoperative imaging may be neces- 
sary to clarify the situation. This is critical, as reports 
indicate that up to 10% of all pelvic kidneys are soli- 
tary.403 Intraoperatively, it is important to remember 
that ectopic kidneys may not be reniform in shape and 
tend to have an anomalous blood supply derived from 
the aorta and iliac vessels, or the superior mesenteric 
artery.4°° Simple needle aspiration to confirm the 
presence of urine may also be useful in identifying a 
kidney. Fusion anomalies and horseshoe kidneys may 
also be a source of confusion and prompt urologic 
consultation. 

Occasionally, the urologist will be called to evaluate 
an infant for difficulty in placing a urethral catheter. 
Initially, properly lubricating the urethra by injecting 
2% lidocaine jelly facilitates catheter insertion. Most 
commonly, these will be male neonates who have had 
multiple attempts at catheterization before urologic 


consultation. In these cases a good option may be to 
use a curved-tip ‘coude’ catheter, which has recently 
become available in pediatric sizes. When these 
catheters are not available, or will not pass, a small 
catheter guide may be placed within a pediatric feed- 
ing tube and manipulated into the bladder. If no 
guides are available, bending a heavy wire suture for 
use as a catheter guide may be successful.40445 Lubri- 
cating jelly must be placed on the guide to facilitate its 
removal. In cases where this fails, proceeding directly 
to cystoscopy to evaluate the possibility of a false pas- 
sage is warranted. Use of a guidewire placed under 
direct vision followed by catheter placement over the 
wire ensures proper catheter placement. When the 
bladder is palpable, a percutaneous cystotomy may be 
performed under local anesthesia or in the operating 
room. Alternatively, a large-gauge needle placed into 
the distended bladder will permit insertion of a 
guidewire, dilation of the tract, and placement of a 
suprapubic catheter. 


References 


1. Boyle RJ, Salter R, Arnander MW et al. Ethics of refus- 
ing parental requests to withhold or withdraw treatment 
from their premature baby. J Med Ethics 2004; 
30:402-5; discussion 406-9. 

2. Housley HT, Harrison MR. Fetal urinary tract abnor- 
malities. Natural history, pathophysiology, and treat- 
ment. Urol Clin North Am 1998; 25:63-73. 

3. Freedman AL, Johnson MP, Smith CA, Gonzalez R, 
Evans MI. Long-term outcome in children after antenatal 
intervention for obstructive uropathies. Lancet 2000; 
354:374-7. 

4. Herndon CDA, Ferrer FA, Freedman AL, McKenna PH. 
Consensus on the prenatal management of antenatally 
detected urological abnormalities. J Urol 2000; 
164:1052-6. 

5. Leviton LC, Goldenberg RL, Baker CS et al. Methods to 
encourage the use of antenatal corticosteroid therapy for 
fetal maturation: a randomized controlled trial. JAMA 
1999; 281:46-52. 

6. Elder JS, Duckett JW Jr, Snyder HM. Intervention for 
fetal obstructive uropathy: has it been effective? Lancet 
1987; 2:1007-10. 

7. Crombleholme TM, Harrison MR, Golbus MS et al. 
Fetal intervention in obstructive uropathy: prognostic 
indicators and efficacy of intervention. Am J Obstet 
Gynecol 1990; 162:1239-44. 

8. Johnson MP, Bukowski TP, Reitleman C et al. In utero 
surgical treatment of fetal obstructive uropathy: a new 
comprehensive approach to identify appropriate candi- 
dates for vesicoamniotic shunt therapy. Am J Obstet 
Gynecol 1994; 170:1770-6. 

9. Johnson MP, Corsi P, Bradfield W et al. Sequential fetal 


urine analysis provides greater precision in the evaluation 


10. 


ll. 


12. 


13. 


14. 


15. 


Prenatal and postnatal urologic emergencies 93 


of fetal obstructive uropathy. Am J Obstet Gynecol 1995; 
173:59-65. 

Freedman AL, Bukowski TP, Smith CA et al. Fetal ther- 
apy for obstructive uropathy: specific outcomes diagnosis. 
J Urol 1996; 156:720-4. 

Freedman AL, Johnson MP, Smith CA et al. Long-term 
outcome in children after antenatal intervention for 
obstructive uropathies. Lancet 1999; 354:374-7. 
Chevalier RL. Perinatal obstructive nephropathy. Semin 
Perinatol 2004; 28:124-31. 

McCurdy CM Jr, Seeds JW. Oligohydramnios: problems 
and treatment. Semin Perinatol 1993; 17:183-96. 
Hutton KAR, Thomas DFM, Arthur RJ et al. Prenatally 
detected posterior urethral valves: is gestational age at 
detection a predictor of outcome? J Urol 1994; 
152:698-701. 

Harrison MR, Nakayama DK, Noall R, deLorimier AA. 
Correction of congenital hydronephrosis in utero II: 
decompression reverses the effects of obstruction on the 
fetal lung and urinary tract. J Pediatr Surg 1982; 
17:965-74. 


loa. Peters CA, Docimo SG, Luetic T et al. Effect of in utero 


vesicostomy on pulmonary hypoplasia in the fetal lamb 
with bladder outlet obstruction and oligohydramnios: a 
morphometric analysis. J Urol 1991; 146:1178-83. 


16b. Peters CA, Reid LM, Docimo S et al. The role of the 


17. 


18. 


19, 


20. 


2l. 


22. 


23. 


24. 


25. 


kidney in lung growth and maturation in the setting 
obstructive uropathy and oligohydramnios. J Urol 1991; 
146:597-600. 

Chevalier RL, Klahr S. Therapeutic approaches in 
obstructive uropathy. Semin Nephrol 1998; 18:652-8. 
Ashmead GG, Mercer B, Herbst M, Moodley J, Bota A, 
Elder JS. Fetal bladder outlet obstruction due to uretero- 
cele: in utero ‘colander’ therapy. J Ultrasound Med 2004; 
23:565-8. 

Cohen HL, Zinn HL, Patel A et al. Prenatal sonographic 
diagnosis of posterior urethral valves: identification of 
valves and thickening of the posterior urethral wall. J Clin 
Ultrasound 1998; 26:366-70. 

Golan A, Lin G, Evron S et al. Oligohydramnios: mater- 
nal complications and fetal outcome in 145 cases. 
Gynecol Obstet Invest 1994; 37:91-5. 

Glick PL, Harrison MR, Globus MS et al. Management 
of the fetus with congenital hydronephrosis II: prognos- 
tic criteria and selection for treatment. J Pediatr Surg 
1985; 20:376-87. 

Evans MI, Sacks AJ, Johnson MP et al. Sequential inva- 
sive assessment of fetal renal function and the intrauterine 
treatment of fetal obstructive uropathies. Obstet Gynecol 
1991; 77:545-50. 

Lipitz S, Ryan G, Samuell C et al. Fetal urine analysis for 
the assessment of renal function in obstructive uropathy. 
Am J Obstet Gynecol 1993; 168:174-9. 

Wilkins IA, Chitkara U, Lynch L et al. The nonpredictive 
value of fetal urinary electrolytes: preliminary report of 
outcomes and correlations with pathologic diagnosis. Am 
J Obstet Gynecol 1987; 157:694-8. 

Guez S, Assael BM, Melzi ML et al. Shortcomings in pre- 
dicting postnatal renal function using prenatal urine bio- 
chemistry in fetuses with congenital hydronephrosis. J 
Pediatr Surg 1996; 31:1401-+4. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


4l. 


42. 


43. 


44. 


Anderson N, Clautice-Engle T, Allan R et al. Detection of 
obstructive uropathy in the fetus. AJR Am J Roentgenol 
1995; 164:719-23. 

Bobrowski RA, Levin RB, Lauria MR et al. In utero pro- 
gression of isolated renal pelvis dilation. Am J Perinatol 
1997; 14:423-6. 

Manning FA, Harrison MR, Rodeck C. Catheter shunts 
for fetal hydronephrosis and hydrocephalus. Report of 
the International Fetal Surgery Registry. N Engl J Med 
1986; 315:336—40. 

Herndon CDA, McKenna PH. Survival after vascular 
injury with prenatal intervention: review of the complica- 
tions. Soc Fetal Urol 1998; 5(2):4. 

Tabor A, Philip J, Madsen M et al. Randomised con- 
trolled trial of genetic amniocentesis in 4606 low-risk 
women. Lancet 1986; i:1287-93. 

Hsieh TT, Lee JD, Kuo DM et al. Perinatal outcome of 
chorionic villus sampling versus amniocentesis. Taiwan I 
Hsueh Hui Tsa Chih 1989; 88:894-9. 

Bahado-Singh R, Schmitt R, Hobbins JC. New tech- 
nique for genetic amniocentesis in twins. Obstet Gynecol 
1992; 79:304-7. 

Cederholm M, Haglund B, Axelsson O. Infant mortality 
following amniocentesis and chorionic villus sampling for 
prenatal karyotyping. BJOG 2005; 112:394—402. 
Rhoads GG, Jackson LG, Schlesselman SE et al. The 
safety and efficacy of chorionic villus sampling for early 
prenatal diagnosis of cytogenetic abnormalities. N Engl J 
Med 1989; 320:609-17. 

Kuliev A, Jackson L, Froster U et al. Chorionic villus 
sampling safety. Report of World Health Organization/ 
EURO meeting in association with the Seventh Interna- 
tional Conference on Early Prenatal Diagnosis of Genetic 
Diseases, Tel-Aviv, Israel, May 21, 1994. Am J Obstet 
Gynecol 1996; 174:807-11. 

Brambati B, Tului L. Chorionic villus sampling and 
amniocentesis. Curr Opin Obstet Gynecol 2005; 
17:197-201. 

Farmer DL. Fetal surgery: a brief review. Pediatr Radiol 
1998; 28:409-13. 

Bruner JP, Tulipan N, Reed G et al. Intrauterine repair of 
spine bifida: preoperative predictors of shunt-dependent 
hydrocephalus. Am J Obstet Gynecol 2004; 
190:1305-12. 

Farrell JA, Albanese CT, Jennings RW et al. Maternal fer- 
tility is not affected by fetal surgery. Fetal Diagn Ther 
1999; 14:190-2. 

Longaker MT, Golbus MS, Filly RA et al. Maternal out- 
come after open fetal surgery. A review of the first 17 
human cases. JAMA 1991; 265:737-41. 

Harrison MR. Fetal surgery. Am J Obstet Gynecol 1996; 
174:1255-64. 

Robichaux AG III, Greene MJ, Greene MF et al. Fetal 
abdominal wall defect: a new complication of vesicoam- 
niotic shunting. Fetal Diagn Ther 1991; 6:11-13. 

Estes JM, MacGillivray TE, Hedrick MH et al. Fetoscopic 
surgery for the treatment of congenital anomalies. J Pedi- 
atr Surg 1992; 27:950-4. 

Quintera RA, Johnson MP, Romero R et al. In-utero 
percutaneous cystoscopy in the management of fetal 
lower obstructive uropathy. Lancet 1995; 346:537—40. 


94 


Clinical pediatric urology 


45. 


46. 


47. 


48. 


49. 


50. 


51. 


52. 


53. 


54. 


55. 


56. 


57. 


58. 


59. 


60. 


6l. 


62. 


63. 


Coplen DE, Hare JY, Zderic SA et al. 10-year experience 
with prenatal intervention for hydronephrosis. J Urol 
1996; 156:1142-5. 

Coplen DE. Prenatal intervention of hydronephrosis. J 
Urol 1997; 157:2270-7. 

Lewis DP, Van Dyke DC, Stumbo PJ, Berg MJ. Drug 
and environmental factors associated with adverse preg- 
nancy outcomes. Part II: improvement with folic acid. 
Ann Pharmacother 1998; 32:947-61. 

Lewis KM, Pinckert TL, Cain MP, Ghidini A. Complica- 
tions of intrauterine placement of a vesicoamniotic shunt. 
Obstet Gynecol 1998; 91:825-7. 

Oberg KC, Robles AE, Ducsay CA et al. Endoscopic 
intrauterine surgery in primates: overcoming technical 
obstacles. Surg Endosc 1999; 13:420-6. 

Gearhart JP, Ben-Chaim J, Jeffs RD, Sanders RC. Crite- 
ria for the prenatal diagnosis of classic bladder exstrophy. 
Obstet Gynecol 1995; 85:961-4. 

Emanuel PG, Garcia GI, Angtuaco TL. Prenatal detection 
of anterior abdominal wall defects with US. Radiograph- 
ics 1995; 15:517-30. 

Dykes EH. Prenatal diagnosis and management of 
abdominal wall defects. Semin Pediatr Surg 1996; 
5:90-4. 

Hsieh K, O’Loughlin MT, Ferrer FA. Bladder exstrophy 
and phenotypic gender determination on fetal magnetic 
resonance imaging. Urol 2005; 65:998-9. 

Cacciari A, Pilu GL, Mordenti M et al. Prenatal diagnosis 
of bladder exstrophy: what counseling? J Urol 1999; 
161:259-61. 

Woodhouse CRJ, Ransley PC, Williams DI. The exstro- 
phy patient in adult life. Br J Urol 1983; 55:632-42. 
Feitz WF, Van Gruns-Venn EJ, Froeling FM, de Vries 
JD. Outcome analysis of psychosexual and socioeconomic 
development of adult patients born with bladder exstro- 
phy. J Urol 1994; 152:1417-19. 

Ben-Chaim J, Jeffs RD, Reiner WG, Gearhart JP. The 
outcome of patients with classic bladder exstrophy in 
adult life. J Urol 1996; 155:1251-2. 

Vintzileos AM, Ananth CV, Fisher AJ et al. Cost—benefit 
analysis of targeted ultrasonography for prenatal detection 
of spina bifida in patients with an elevated concentration 
of second-trimester maternal serum alpha-fetoprotein. Am 
J Obstet Gynecol 1999; 180:1227-33. 

Kopp C, Greenfield SP. Effects of neurogenic bladder 
dysfunction in utero seen in neonates with myleodyspla- 
sia. Br J Urol 1993; 71:739-42. 

Christensen B, Rosenblatt DS. Effects of folate deficiency 
on embryonic development. Baillieres Clin Haematol 
1995; 8:617-37. 

Neuhouser ML, Beresford SA, Hickok DE, Monsen ER. 
Absorption of dietary and supplemental folate in women 
with prior pregnancies with neural tube defects and con- 
trols. J Am Coll Nutr 1998; 17:625-30. 

Cromie WJ, Lee K, Houde K, Holmes L. Implications of 
the decrease in major genitourinary malformations in the 
United States, 1972-1974. American Academy of Pedi- 
atrics, Annual Meeting, San Francisco, CA; 1998: 
Abstract 106. 

Holzbeierlein J, Pope JC IV, Adams MC, Bruner J, Tuli- 
pan N, Brock JW 3rd. The urodynamic profile of 


64. 


65. 


66. 


67. 


68. 


69. 


70. 


71. 


72. 


73. 


74. 


75. 


76. 


77. 


78. 


79. 


80. 


81. 


myelodysplasia in childhood with spinal closure during 
gestation. J Urol 2000; 164:1336-9. 

Elejalde BR, de Elejalde MM, Heitman T. Visualization 
of the fetal genitalia by ultrasonography: a review of the 
literature and analysis of its accuracy and ethical implica- 
tions. J Ultrasound Med 1985; 4:633-9. 

Doran TA. Chorionic villus sampling as the primary diag- 
nostic tool in prenatal diagnosis. Should it replace genetic 
amniocentesis? J Reprod Med 1990; 35:935-40. 
Mandell J, Bromley B, Peters CA, Benacerraf BR. Prena- 
tal sonographic detection of genital malformations. J Urol 
1995; 153:242-6. 

Herndon CDA, McKenna PH, Kolon TF et al. A multi- 
center outcomes analysis of patients with neonatal reflux 
presenting with prenatal hydronephrosis. J Urol 1999; 
162:1203-8. 

Shapiro E. The sonographic appearance of normal and 
abnormal fetal genitalia. J Urol 1999; 162:530-3. 

Kemp J, Davenport M, Pernet A. Antenatally diagnosed 
surgical anomalies: the psychological effect of parental 
antenatal counseling. J Pediatr Surg 1998; 33:1376-9. 
David M, Forest MG. Prenatal treatment of congenital 
adrenal hyperplasia resulting from 21-hydroxylase defi- 
ciency. J Pediatr 1984; 105:799-803. 

Evans MI, Chrousos GP, Mann DW et al. Pharmacologic 
suppression of the fetal adrenal gland in utero. Attempted 
prevention of abnormal external genital masculinization 
in suspected congenital adrenal hyperplasia. JAMA 1985; 
253:1015-20. 

Speiser PW, Laforgia N, Kato K et al. First trimester pre- 
natal treatment and molecular genetic diagnosis of con- 
genital adrenal hyperplasia (21-hydroxylase deficiency). J 
Clin Endocrinol Metab 1990; 70:838-48. 

Forest MG, David M, Morel Y. Prenatal diagnosis and 
treatment of 21-hydroxylase deficiency. J Steroid 
Biochem Mol Biol 1993; 45:75-82. 

Mercado AB, Wilson RC, Cheng KC et al. Prenatal treat- 
ment and diagnosis of congenital adrenal hyperplasia 
owing to steroid 21-hydroxylase deficiency. J Clin 
Endocrinol Metab 1995; 80:2014. 

Lajic S, Wedell A, Bui T-H et al. Long-term somatic 
follow-up of prenatally treated children with congenital 
adrenal hyperplasia. J Clin Endocrinol Metab 1998; 
83:3872-80. 

New MI, Carlson A, Obeid J et al. Prenatal diagnosis for 
congenital adrenal hyperplasia in 532 pregnancies. J Clin 
Endocrinol Metab 2001; 86:5651-7. 

Ross HL, Elias S. Maternal serum screening for fetal 
genetic disorders. Obstet Gynecol Clin North Am 1997; 
24:33-47. 

Miller WL. Dexamethasone treatment of congenital 
adrenal hyperplasia in utero: an experimental therapy of 
unproven safety. J Urol 1999; 162:537-40. 

Speiser PW. Prenatal treatment of congenital adrenal 
hyperplasia. J Urol 1999; 162:534-6. 

Lajic S, Nordenstrom A, Ritzen EM, Wedell A. Prenatal 
treatment of congenital adrenal hyperplasia. Eur J 
Endocrinol 2004; 151(Supp 3):1163-9. 

Pang SY, Pollack MS, Marshall RN, Immken L. Prenatal 
treatment of congenital adrenal hyperplasia due to 21- 
hydroxylase deficiency. N Engl J Med 1990; 322:111-15. 


Prenatal and postnatal urologic emergencies 95 


82. 


83. 


84. 


85. 


86. 


87. 


88. 


89. 


90. 


91; 


92. 


93. 


94. 


95. 


96. 


97. 


98. 


99. 


100. 


101. 


102. 


103. 


Speiser PW, New MI. Prenatal diagnosis and manage- 
ment of congenital adrenal hyperplasia. Clin Perinatol 
1994; 21:631-8. 

New M, White P. Genetic disorders of steroid hormone 
synthesis and metabolism. Baillieres Clin Endocrinol 
Metab 1995; 9:525-54. 

Klaus M, Kennell J. Interventions in the premature nurs- 
ery: impact on development. Pediatr Clin North Am 
1982; 29:1263-73. 

Crouch M, Manderson L. The social life of bonding 
theory. Soc Sci Med 1995; 41:837-44. 

Riski JE. Parents of children with cleft lip and plate. Clin 
Commun Disord 1991; 1(3):42-7. 

Bradbury ET, Hewison J. Early parental adjustment to 
visible congenital disfigurement. Child Care Health Dev 
1994; 20:251-66. 

Drotar D, Baskiewicz A, Irvin N et al. The adaptation of 
parents to the birth of an infant with a congenital mal- 
formation: a hypothetical model. Pediatrics 1975; 
56:710-17. 

Quine L, Pahl J. First diagnosis of severe handicap: a 
study of parental reactions. Dev Med Child Neurol 1987; 
29:232-42. 

Varni JW, Setoguchi Y. Effects of parental adjustment on 
the adaptation of children with congenital or acquired 
limb deficiencies. J Dev Behav Pediatr 1993; 14:13-20. 
Belman AB, King LR. Urinary tract abnormalities associ- 
ated with imperforate anus. J Urol 1972; 108:823-4. 
deVries PA, Pena A. Posterior sagittal anorectoplasty. J 
Pediatr Surg 1982; 17:638-43. 

McLorie GA, Sheldon CA, Fleisher M, Churchill BM. 
The genitourinary system in patients with imperforate 
anus. J Pediatr Surg 1987; 22:1100-4. 

Levitt MA, Rodriguez G, Gaylin DS, Pena A. The teth- 
ered spinal cord in patients with anorectal malformations. 
J Pediatr Surg 1997; 32:462-8. 

Boemers TM. Neurogenic bladder in infants born with 
anorectal malformations: comparison with spinal and 
urologic status. J Pediatr Surg 1999; 34:1889-90. 

Surer I, Baker LA, Jeffs RD, Gearhart JP. Combined 
bladder neck reconstruction and epispadias repair for 
exstrophy-epispadias complex. J Urol 2001; 165:2425-7. 
Jeffs RD, Guice SL, Oesch I. The factors in successful 
exstrophy closure. J Urol 1982; 127:974-7. 

Gearhart JP, Jeffs RD. Augmentation cystoplasty in the 
failed exstrophy reconstruction. J Urol 1988; 139:790-3. 
Grady RW, Mitchell ME. Complete primary repair of 
exstrophy. J Urol 1999; 162:1415-20. 

Gearhart JP. Complete repair of bladder exstrophy in the 
newborn: complications and management. J Urol 2001; 
165:2431-3. 

McKenna PH. A functional classification of ectopic urete- 
roceles based on renal unit jeopardy. Dialog Pediatr Urol 
1993; 16:9. 

McKenna PH, Khoury AE, McLorie GA et al. Anterior 
diagonal mid-innominate osteotomy. Dialog Pediatr Urol 
1993; 16:1. 

McKenna PH, Khoury AE, McLorie GA et al. Iliac 
osteotomy: model to compare options in bladder and 
cloacal exstrophy reconstruction. J Urol 1994; 
151:182-6, discussion 186-7. 


104. 


105. 


106. 


107. 


108. 


109. 


110. 


lll. 


112. 


113. 


114. 


115: 


116. 


117. 


118. 


119. 


120. 


121. 


122. 


Sponseller PD, Jani MM, Jeffs RD, Gearhart JP. Anterior 
innominate osteotomy in repair of bladder exstrophy. J 
Bone Joint Surg Am 2001; 83-A:184-93. 

Wheatley JM, Stephens FD, Hutson JM. Prune belly syn- 
drome: ongoing controversies regarding pathogenesis 
and management. Semin Pediatr Surg 1996; 5:95- 
106. 

Hoshino T, Ihara Y, Shirane H, Ota T. Prenatal diagno- 
sis of prune belly syndrome at 12 weeks of pregnancy: 
case report and review of the literature. Ultrasound 
Obstet Gynecol 1998; 12:362-6. 

Shigeta M, Nagata M, Shimoyamada H et al. Prune belly 
syndrome diagnosed at 14 weeks’ gestation with severe 
urethral obstruction but normal kidneys. Pediatr Nephrol 
1999; 13:135-7. 

Hirose R, Suita S, Taguchi T et al. Prune belly syndrome 
in a female, complicated by intestinal malrotation after 
successful antenatal treatment of hydrops fetalis. J Pediatr 
Surg 1995; 30:1373-5. 

Burbige KA, Amodio J, Berdon WE et al. Prune belly 
syndrome: 35 years of experience. J Urol 1987; 
137:86-90. 

Woodard JR, Zucker I. Current management of the 
dilated urinary tract in prune belly syndrome. Urol Clin 
North Am 1990; 17:407-18. 

Druschel CM. A descriptive study of prune belly in New 
York state, 1983 to 1989. Arch Pediatr Adolesc Med 
1995; 149:70-6. 

Reinberg Y, Manivel JC, Fryd D et al. The outcome of 
renal transplantation in children with the prune belly syn- 
drome. J Urol 1989; 142:1541-2. 

Reinberg Y, Manivel JC, Pettinato G, Gonzalez R. Devel- 
opment of renal failure in children with the prune belly 
syndrome. J Urol 1991; 145:1017-19. 

Bukowski TP, Perlmutter AD. Reduction cystoplasty in 
the prune belly syndrome: a long-term followup. J Urol 
1994; 152:2113-16. 

Noh PH, Cooper CS, Winkler AC et al. Prognostic fac- 
tors for long-term renal function in boys with the prune 
belly syndrome. J Urol 1999; 162:1399-401. 

Docimo SG, Moore RG, Kavoussi LR. Laparoscopic 
orchidopexy in the prune belly syndrome: a case report 
and review of the literature. Urology 1995; 45:679- 
81. 

Woodhouse CR, Snyder HM IMI. Testicular and sexual 
function in adults with prune belly syndrome. J Urol 
1985; 133:607-9. 

Orvis BR, Bottles K, Kogan BA. Testicular histology in 
fetuses with the prune belly syndrome and posterior ure- 
thral valves. J Urol 1988; 139:335-7. 

Woodhouse CR, Ransley PG. Teratoma of the testis in 
the prune belly syndrome. Br J Urol 1983; 55:580-1. 
Massad CA, Cohen MB, Kogan BA, Beckstead JH. Mor- 
phology and histochemistry of infant testes in the prune 
belly syndrome. J Urol 1991; 146:1598-600. 

Parra RO, Cummings JM, Palmer DC. Testicular semi- 
noma in a long-term survivor of the prune belly syn- 
drome. Eur Urol 1991; 19:79-80. 

Stein SC, Feldman JG, Freidlander M, et al. Is 
myelomeningocele a disappearing disease? Pediatrics 
1982; 69:511-13. 


96 


Clinical pediatric urology 


123. 


124. 


125. 


126. 


127. 


128. 


129, 


130. 


131. 


132. 


133. 


134. 


135. 


136. 


137. 


138. 


139. 


140. 


141. 


142. 


Anon. Use of folic acid for prevention of spina bifida and 
other neural tube defects. Morb Mort Weekly Rep 1991; 
40:513-16. 

Cromie WJ. Implications of antenatal ultrasound screen- 
ing in the incidence of major genitourinary malforma- 
tions. Semin Pediatr Surg 2001; 10:204-11. 

Scarff TB, Fronczak S. Myelomeningocele: a review and 
update. Rehabil Lit 1981; 42:143-6. 

Lais A, Kasabian NG, Dyro FM et al. The neurosurgical 
implications of continuous neurourological surveillance 
of children with myelodysplasia. J Urol 1993; 
150:1879-83. 

Bauer SB. Management of neurogenic bladder dysfunc- 
tion in children. J Urol 1984; 132:544-5. 

Roach MB, Switters DM, Stone AR. The changing uro- 
dynamic pattern in infants with myelomeningocele. J 
Urol 1993; 150:944-7. 

Sillén U, Hansson E, Hermansson G et al. Development 
of the urodynamic pattern in infants with myelomeningo- 
cele. Br J Urol 1996; 78:596-601. 

van Gool JD, Kuijten RH, Donckerwolcke RA, Kramer 
PP. Detrusor-sphincter dyssynergia in children with 
myclomeningocele: a prospective study. Z Kinderchir 
1982; 37:148-54. 

McGuire EJ, Woodside JR, Borden TA et al. Prognostic 
value of urodynamic testing in myelodysplasia patients. J 
Urol 1981; 126:205-9. 

Dator DP, Hatchett L, Dyro FM et al. Urodynamic dys- 
function in walking myelodysplastic children. J Urol 
1992; 148:362-5. 

Andros GJ, Hatch DA, Walter JS et al. Home bladder 
pressure monitoring in children with myelomeningocele. 
J Urol 1998; 160:518-21. 

Perez LM, Khoury J, Webster GD. The value of urody- 
namic studies in infants less than 1 year old with congen- 
ital spinal dysraphism. J Urol 1992; 148:584~-7. 

Wu HY, Baskin LS, Kogan BA. Neurogenic bladder dys- 
function due to myelomeningocele: neonatal versus child- 
hood treatment. J Urol 1997; 157:2295-7. 

Bauer SB. Editorial: the challenge of the expanding role 
of urodynamic studies in the treatment of children with 
neurological and functional disabilities. J Urol 1998; 
160:527-8. 

Bauer SB, Lais A, Scott RM. Continuous urodynamic 
surveillance of babies with myelodysplasia: implications 
for further neurosurgery. Eur J Pediatr Surg 1992; 
1(Suppl 2):35-6. 

Foster LS, Kogan BA, Cogan PH, Edwards MSB. Blad- 
der function in patients with lipomyelomeningocele. J 
Urol 1990; 143:984-6. 

Atala A, Bauer SB, Dyro FM et al. Bladder functional 
changes resulting from lipomeningocele repair. J Urol 
1992; 148:592-4. 

Bruce DA, Schut L. Spinal lipomas in infancy and child- 
hood. Brain 1979; 5:192-203. 

Colak A, Pollack IF, Albright AL. Recurrent tethering: a 
common long-term problem after lipomyelomeningocele 
repair. Pediatr Neurosurg 1998; 29:184-90. 

Guzman L, Bauer SB, Hallet M et al. The evaluation and 
management of children with sacral agenesis. Urology 
1983; 23:506-9. 


143. 


144. 


145. 


146. 


147. 


148. 


149. 


150. 


151. 


152. 


153. 


154. 


155. 


156. 


157. 


158. 


159. 


160. 


161. 


162. 


163. 


164. 


165. 


166. 


Gotoh T, Shinno Y, Kobayashi S et al. Diagnosis and man- 
agement of sacral agenesis. Eur Urol 1991; 20:287-92. 
White RI, Klauber GT. Sacral agenesis. Analysis of 22 
cases. Urology 1976; 8:521-5. 

Koff SA, DeRidder PA. Patterns of neurogenic bladder 
dysfunction in sacral agenesis. J Urol 1977; 118:87-9. 
Borrelli M, Bruschini H, Nahas WC et al. Sacral agenesis: 
why is it so frequently misdiagnosed? Urology 1985; 
26:351-5. 

Noske HD, Kraus SW, Altinkilic BM, Weidner W. His- 
torical milestones regarding torsion of the scrotal organs. 
J Urol 1998; 159:13-16. 

Herman TE, Siegel MJ. Special imaging casebook. 
Neonatal spermatic cord torsion and testicular infarction. 
J Perinatol 1994; 14:431-2. 

Gross BR, Cohen HL, Schlessel JS. Perinatal diagnosis of 
bilateral testicular torsion: beware of torsions simulating 
hydroceles. J Ultrasound Med 1993; 12:479-81. 

Baptist EC, Amin PV. Perinatal testicular torsion and 
hard testicle. J Perinatol 1996; 16:67-8. 

Pinto KJ, Noe HN, Jerkins GR. Management of neona- 
tal testicular torsion. J Urol 1997; 158:1196-7. 

Driver CP, Losty PD. Neonatal testicular torsion. Br J 
Urol 1998; 82:855-8. 

Huff DS, Wu H, Snyder HM III et al. Evidence in favor 
of the mechanical (intrauterine torsion) theory over the 
endocrinopathy (cryptorchidism) theory in the pathogen- 
esis of testicular agenesis. J Urol 1991; 146:630-1. 
Cilento BG, Najjar SS, Atala A. Cryptorchidism and tes- 
ticular torsion. Pediatr Clin North Am 1993; 40:1133-49. 
Gong M, Geary ES, Shortliffe LMD. Testicular torsion 
with contralateral vanishing testis. Urology 1996; 
48:306-7. 

Cartwright PC, Snow BW, Reid BS, Shultz PK. Color 
Doppler ultrasound in newborn testis torsion. Urology 
1995; 45:667-70. 

Stone KT, Kass EJ, Cacciarelli AA, Gibson DP. Manage- 
ment of suspected antenatal torsion: what is the best strat- 
egy? J Urol 1995; 153:782-4. 

Groisman GM, Nassrallah M, Bar-maor JA. Bilateral 
intra-uterine testicular torsion in a newborn. Br J Urol 
1996; 78:800-1. 

Hernanz-Schulman M, Yenicesu F, Heller RM, Brock JW 
III. Sonographic identification of perinatal testicular tor- 
sion. J Ultrasound Med 1997; 16:65-7. 

Zinn HL, Cohen HL, Horowitz M. Testicular torsion in 
neonates: importance of power Doppler imaging. J Ultra- 
sound Med 1998; 17:385-8. 

Tripp BM, Homsy YL. Prenatal diagnosis of bilateral 
neonatal torsion: a case report. J Urol 1995; 153:1990-1. 
Cooper CS, Snyder OB, Hawtrey CE. Bilateral neonatal 
testicular torsion. Clin Pediatr 1997; 36:653-6. 
LaQuaglia MP, Bauer SB, Eraklis A et al. Bilateral neona- 
tal torsion. J Urol 1987; 138:1051-4. 

Das S, Singer A. Controversies of perinatal torsion of the 
spermatic cord: a review, survey and recommendations. J 
Urol 1990; 143:231-3. 

Calleja R, Archer TJ. Bilateral testicular torsion in a 
neonate. Br J Urol 1996; 78:793-804. 

Putnam MH. Neonatal adrenal hemorrhage presenting as 
a right scrotal mass. JAMA 1989; 261:2958. 


Prenatal and postnatal urologic emergencies 97 


167. 


168. 


169. 


170. 


Tz. 


172. 


173. 


174. 


175. 


176. 


177. 


178. 


179. 


180. 


181. 


182. 


183. 


184. 


185. 


186. 


187. 


Ring KS, Axelrod SL, Burbige KA, Hensle TW. Meco- 
nium hydrocele: an unusual etiology of a scrotal mass in 
the newborn. J Urol 1989; 141:1172-3. 

McAlister WH, Sisler CL. Scrotal sonography in infants 
and children. Curr Probl Diagn Radiol 1990; 19: 
201-42. 

Stokes S HI, Flom S. Meconium filled hydrocele sacs as a 
cause of acute scrotum in a newborn. J Urol 1997; 
158:1960-1. 

Han K, Mata J, Zaontz MR. Meconium masquerading as 
a scrotal mass. Br J Urol 1998; 82:765-7. 

Levy DA, Kay R, Elder JS. Neonatal testis tumors: a 
review of the Prepubertal Testis Tumor Registry. J Urol 
1994; 151:715-17. 

Melekos MD. Re: Testicular torsion in a 62-year-old 
man. J Urol 1988; 140:387-9. 

Caldamone AA, Valvo JR, Altebarmakian VK, Rabi- 
nowitz R. Acute scrotal swelling in children. J Pediatr 
Surg 1984; 19:581—4. 

Kass EJ, Stone KT, Cacciarelli AA, Mitchell B. Do all 
children with an acute scrotum require exploration? J 
Urol 1993; 150:667-9. 

Patriquin HB, Yazbeck S, Trinh B et al. Testicular torsion 
in infants and children: diagnosis with Doppler sonogra- 
phy. Radiology 1993; 188:781-5. 

Yazbeck S, Patriquin HB. Accuracy of Doppler sonogra- 
phy in the evaluation of acute conditions of the scrotum 
in children. J Pediatr Surg 1994; 29:1270-2. 

Brandell RA, Brock JW HI. Common problems in pedi- 
atric urology. Compr Ther 1993; 19:11-16. 

Tryfonas G, Violaki A, Tsikopoulos G et al. Late postop- 
erative results in males treated for testicular torsion 
during childhood. J Pediatr Surg 1994; 29:553-6. 
Rampaul MS, Hosking SW. Testicular torsion: most 
delay occurs outside hospital. Ann R Coll Surg Engl 
1998; 80:169-72. 

Mikuz G. Testicular torsion: simple grading for histolog- 
ical evaluation of tissue damage. Appl Pathol 1985; 
3:134-9. 

Lewis AG, Bukowski TP, Jarvis PD et al. Evaluation of 
acute scrotum in the emergency department. J Pediatr 
Surg 1995; 30:277-82. 

Sawchuk T, Costabile RA, Howards SS, Rodgers BM. 
Spermatic cord torsion in an infant receiving human 
chorionic gonadotropin. J Urol 1993; 150:1212-13. 
Kadish HA, Bolte RG. A retrospective review of pediatric 
patients with epididymitis, testicular torsion, and torsion 
of testicular appendages. Pediatrics 1998; 102:73-6. 
Hamm B. Differential diagnosis of scrotal masses by 
ultrasound. Eur Radiol 1997; 7:668-9. 

Sugita Y, Clarnette TD, Cooke-Yarborough C et al. Tes- 
ticular and paratesticular tumours in children: 30 years’ 
experience. Aust NZ J Surg 1999; 69:505-8. 

Ferrer FA, McKenna PH. Cavernous hemangioma of the 
scrotum: a rare benign genital tumor of childhood. J Urol 
1995; 153:1262-4. 

Aragona F, Pescatori E, Talenti E et al. Painless scrotal 
masses in the pediatric population: prevalence and age 
distribution of different pathological conditions — a 10 
year retrospective multicenter study. J Urol 1996; 
155:1424-26. 


188. 


189. 


190. 


191. 


192. 


193. 


194. 


195. 


196. 


197, 


198. 


199. 


200. 


201. 


202. 


203. 


204. 


205. 


Donahoe PK, Powell DM, Lee MM. Clinical manage- 
ment of intersex abnormalities. Curr Probl Surg 1991; 
28:513-79. 

Donahoe PK, Schnitzer JJ. Evaluation of the infant who 
has ambiguous genitalia, and principles of operative man- 
agement. Semin Pediatr Surg 1996; 5:30-40. 

Lee MM, Donahoe PK. The infant with ambiguous gen- 
italia. Curr Ther Endocrinol Metab 1997; 6:216-23. 
Meyer-Bahlburg HF. Gender assignment and reassign- 
ment in 46,XY pseudohermaphroditism and related con- 
ditions. J Clin Endocrinol Metab 1999; 84:3455-8. 
Meyer-Bahlburg HF, Heino FL. New York State Psychi- 
atric Institute, Dept of Psychiatry, Columbia University, 
New York, NY. Gender assignment and reassignment in 
intersexuality: controversies, data, and guidelines for 
research. In: Zderic SA, Canning DA, Snyder HM M, 
Carr MC, eds. Pediatric Gender Reassignment: A Critical 
Reappraisal. New York: Plenum, 1999: 12-24. 
Colapinto J. The true story of John/Joan. Rolling Stone 
1997; Feb:55-96. 

Dinneen MD, Dhillon HK, Ward HC et al. Antenatal 
diagnosis of posterior urethral valves. Br J Urol 1993; 
72:364-9. 

Dewan PA, Goh DG. Variable expression of the congen- 
ital obstructive posterior urethral membrane. Urology 
1995; 45:507-9. 

Reinberg Y, De Castano I, Gonzalez R. Prognosis for 
patients with prenatally diagnosed posterior urethral 
valves. J Urol 1992; 148:125-6. 

Churchill BM, McLorie GA, Khoury AE et al. Emer- 
gency treatment and long-term followup of posterior ure- 
thral valves. Urol Clin North Am 1990; 17:343-60. 
Gonzales ET. Alternatives in the management of poste- 
rior urethral valves. Urol Clin North Am 1990; 
17:335-42. 

Merguerian PA, McLorie GA, Churchill BM et al. Radi- 
ographic and serologic correlates of azotemia in patients 
with posterior urethral J Urol 1992; 
148:1499-503. 

Tietjen DN, Gloor JM, Husmann DA. Proximal urinary 
diversion in the management of posterior urethral valves: 
is it necessary? J Urol 1997; 158:1008-10. 

Smith GHH, Canning DA, Schulman SL et al. The long- 
term outcome of posterior urethral valves treated with 
primary valve ablation and observation. J Urol 1996; 
155:1730-4. 

Close CE, Carr MC, Burns MW, Mitchell ME. Lower 
urinary tract changes after early valve ablation in neonates 
and infants: is early diversion warranted? J Urol 1997; 
157:984-8. 

Walker RD, Padron M. The management of posterior 
urethral valves by initial vesicostomy and delayed valve 
ablation. J Urol 1990; 144:1212-14. 

Farhat W, McLorie G, Capolicchio G, Choury A, Bagli 
D, Merguerian PA. Outcomes of primary valve ablation 
versus urinary tract diversion in patients with posterior 
urethral valves. Urology 2000; 56:653-7. 

Ghanem MA, Nijman RJ. Long-term follow up of bilat- 
eral high (sober) urinary diversion in patients with poste- 
rior urethral valves and its effect on bladder function. J 
Urol 2005; 173:1721-4. 


valves. 


98 


Clinical pediatric urology 


206. 


207. 


208. 


209. 


210. 


211. 


212. 


213. 


214. 


215. 


216. 


217. 


218. 


219. 


220. 


221. 


222. 


223. 


224. 


225. 


Parkhouse HF, Woodhouse CRJ. Long-term status of 
patients with posterior urethral valves. Urol Clin North 
Am 1990; 17:373-8. 

Mor Y, Ramon J, Raviv G et al. A 20-year experience 
with treatment of ectopic ureteroceles. J Urol 1992; 
147:1592-4. 

Sherer DM, Hulbert WC. Prenatal sonographic diagnosis 
and subsequent conservative surgical management of 
bilateral ureteroceles. Am J Perinatol 1995; 12:174-7. 
Gloor JM, Ogburn P, Matsumoto J. Prenatally diagnosed 
ureterocele presenting as fetal bladder outlet obstruction. 
J Perinatol 1996; 16:285-7. 

Blyth B, Passerini-Glazel G, Camuffo C et al. Endoscopic 
incision of ureteroceles: intravesical versus ectopic. J Urol 
1993; 149:556-60. 

Smith C, Gosalbez R, Parrott TS et al. Transurethral 
puncture of ectopic ureteroceles in neonates and infants. J 
Urol 1994; 152:2110-12. 

Di Benedetto V, Morrison-Lacombe G, Bagnara V, Mon- 
fort G. Transurethral puncture of ureterocele associated 
with single collecting system in neonates. J Pediatr Surg 
1997; 32:1325-7. 

Coplen DE. Editorial: neonatal ureterocele incision. J 
Urol 1998; 159:1010. 

Pfister C, Ravasse P, Barret E et al. The value of endo- 
scopic treatment for ureteroceles during the neonatal 
period. J Urol 1998; 159:1006-9. 

Avni EF, Schulman CC. The origin of vesico-ureteric 
reflux in male newborns: further evidence in favour of a 
transient fetal urethral obstruction. Br J Urol 1996; 
78:454-9. 

Yeung CK, Godley ML, Dhillon HK et al. The charac- 
teristics of primary vesico-ureteric reflux in male and 
female infants with pre-natal hydronephrosis. Br J Urol 
1997; 80:319-27. 

Tibballs JM, De Bruyn R. Primary vesicoureteral reflux — 
how useful is postnatal ultrasound? Arch Dis Child 1996; 
75:4447. 

Poland RL. The question of routine neonatal circumci- 
sion. N Engl J Med 1990; 322:1312-15. 

Nelson CP, Dunn R, Wan J, Wei JF. The increasing inci- 
dence of newborn circumcision: data from the nation- 
wide inpatient sample. J Urol 2005; 173:978-81. 
Gordon A, Collin J. Save the normal foreskin: widespread 
confusion over what the medical indications for circumci- 
sion are. BMJ 1993; 306:1-2. 

Wiswell TE, Tencer HL, Welch CA, Chamberlain JL. 
Circumcision in children beyond the neonatal period. 
Pediatrics 1993; 92:791-4. 

Barnhouse DH, Chin DL, Lewis DD et al. Circumcision 
and urinary tract infection. JAMA 1992; 268:54-5. 
Spach DH, Stapleton AE, Stamm WE. Lack of circumci- 
sion increases the risk of urinary tract infection in young 
men. JAMA 1992; 267:679-82. 

Gunsar C, Kurutepe S, Alparslan O. The effect of cir- 
cumcision status on periurethral and glanular bacterial 
flora. Urol Int 2004; 72:212-15. 

Elmore JM, Baker LA, Snodgrass WT. Topical steroid 
therapy as an alternative to circumcision for phimosis in 
boys younger than 3 years. J Urol 2002;168(4 Pt 
2):1746-7; discussion 1747. 


226. 


227. 


228. 


229. 


230. 


231. 


232. 


233. 


234. 


235. 


236. 


237. 


238. 


239. 


240. 


241. 


242. 


243. 


244. 


245. 


246. 


Ashfield JE, Nickel Kr, Siemens DR, MacNeily AE, 
Nickel JC. Treatment of phimosis with topical steroids in 
194 children. J Urol 2003 Mar;169(3):1106-8. 

Alter GJ, Horton CE Jr, Horton CE Jr. Buried penis as a 
contraindication for circumcision. J Am Coll Surg 1994; 
178:487-9. 

Christakis DA, Harvey E, Zerr DM, Feudtner C, Wright 
JA, Connell FA. A trade-off analysis of routine newborn 
circumcision. Pediatrics 2000; 105(1 Pt 3):246-9. 
Williams N, Kapila L. Complications of circumcision. Br 
J Surg 1993; 80:1231-6. 

Eason JD, McDonnell M, Clark G. Male ritual circumci- 
sion resulting in acute renal failure. BMJ 1994; 
309:660-1. 

Smith DJ, Hamdy FC, Chapple CR. An uncommon 
complication J Urol 1994; 
73:459-60. 

Persad R, Sharma S, McTavish J et al. Clinical presenta- 
tion and pathophysiology of meatal stenosis following cir- 
cumcision. Br J Urol 1995; 75:91-3. 

Neulander E, Walfisch S, Kaneti J. Amputation of distal 
penile glans during neonatal ritual circumcision — a rare 
complication. Br J Urol 1996; 77:924-5. 

Strimling BS. Partial amputation of glans penis during 
Mogen clamp circumcision. Pediatrics 1996; 97:906-8. 
Bliss DP Jr, Healey PJ, Waldhausen JHT. Necrotizing 
fasciitis after Plastibell circumcision. J Pediatr 1997; 
131:459-62. 

Ozdemir E. Significantly increased complication risks 
with mass circumcisions. Br J Urol 1997; 80:136-9. 
Kaplan GW. Complications of circumcision. Urol Clin 
North Am 1983; 10:543-9. 

Niku SD, Stock JA, Kaplan GW. Neonatal circumcision. 
Urol Clin North Am 1995; 22:57-65. 

Davenport M. Problems with the penis and prepuce. 
(ABC of general surgery in children) BMJ 1996; 
312:299-301. 

Mayer E, Caruso DJ, Ankem M, Fisher MC, Cummings 
KB, Barone JG. Anatomic variants associated with new- 
born circumcision complications. Can J Urol 2003; 
10:2013-16. 

Gearhart JP, Rock JA. Total ablation of the penis after 
circumcision with electrocautery: a method of manage- 
ment and long-term followup. J Urol 1989; 142:799-801. 
Gluckman GR, Stoller ML, Jacobs MM, Kogan BA. 
Newborn penile glans amputation during circumcision 
and successful reattachment. J Urol 1995; 153:778-9. 
Sherman J, Borer JG, Horowitz M, Glassberg KI. Cir- 
cumcision: successful glanular reconstruction and survival 
following amputation. J Urol 1996; 
156:842-4. 

Baskin LS, Canning DA, Snyder HM IMI, Duckett JW Jr. 
Surgical repair of urethral circumcision injuries. J Urol 
1997; 158:2269-71. 

Ozkan S, Gurpinar T. A serious circumcision complica- 
tion: penile shaft amputation and a new reattachment 
technique with a successful outcome. J Urol 1997; 
158:1946-7. 

Sotolongo JR Jr, Hoffman S, Gribetz ME. Penile 
denudation injuries after circumcision. J Urol 1985; 
133:102-3. 


of circumcision. Br 


traumatic 


Prenatal and postnatal urologic emergencies 99 


247. 


248. 


249. 


250. 


251. 


252. 


253. 


254. 


255. 


256. 


257. 


258. 


259. 


260. 


261. 


262. 


263. 


264. 


Hashem FK, Ahmen S, al-Malaq AA, AbuDaia JM. Suc- 
cessful replantation of penile amputation (post-circumci- 
sion) complicated by prolonged ischaemia. Br J Plast 
Surg 1999; 52:308-10. 

Kon M. A rare complication following circumcision: the 
concealed penis. J Urol 1983; 130:573-4. 

Stang HJ, Gunnar MR, Snellman L et al. Local anesthe- 
sia for neonatal circumcision: effects on distress and cor- 
tisol response. JAMA 1988; 259:1507-9. 

Snellman LW, Stand HJ. Prospective evaluation of com- 
plications of dorsal penile nerve block for neonatal cir- 
cumcision. Pediatrics 1995; 95:705-9. 

Hardwick-Smith S, Mastrobattista JM, Wallace PA, 
Ritchey ML. Ring block for neonatal circumcision. 
Obstet Gynecol 1998; 91:930-4. 

Horger EO MI, Arnett RM, Jones JS et al. Local anes- 
thesia for infants undergoing circumcision. (Letter to the 
Editor). JAMA 1998; 279:1169. 

Howard CR, Howard FM, Garfunkel LC et al. Neonatal 
circumcision and pain relief: current training practices. 
Pediatrics 1998; 101:423-8. 

Benini F, Johnston CC, Faucher D, Aranda JV. Topical 
anesthesia during circumcision in newborn infants. JAMA 
1993; 270:850-3. 

Lander J, Brady-Fryer B, Metcalfe JB et al. Comparison 
of ring block, dorsal penile nerve block, and topical anes- 
thesia for neonatal circumcision: a randomized controlled 
trial. JAMA 1997; 278:2157. 

Choi WY, Irwin MG, Hui TW, Lim HH, Chan KL. 
EMLA cream versus dorsal penile nerve block for postcir- 
cumcision analgesia in children. Anesth Analg 2003; 
96:396-9, table of contents. 

Caty MG, Shamberger RC. Abdominal tumors in infancy 
and childhood. Pediatr Clin North Am 1993; 
40:1253-71. 

Xue H, Horwitz JR, Smith MB et al. Malignant solid 
tumors in neonates: a 40-year review. J Pediatr Surg 
1995; 30:543-5. 

Griscom NT, Colodny AH, Rosenberg HK et al. Diag- 
nostic aspects of neonatal ascites: report of 27 cases. AJR 
Am J Roentgenol 1977; 128:961-70. 

Dhillon HK. Prenatally diagnosed hydronephrosis: the 
great Ormond Street experience. Br J Urol 1998; 
81:39-44. 

Dudley JA, Haworth JM, McGraw ME, Frank JD, Tizard 
EJ. Clinical relevance and implications of antenatal 
hydronephrosis. Arch Dis Child Fetal Neonatal Ed 1997; 
76:F31—4. 

Murphy JP, Holder TM, Ashcraft KW et al. Uretero- 
pelvic junction obstruction in the newborn. Pediatr Surg 
1984; 19:642-8. 

Docimo SG, Silver RI. Renal ultrasonography in new- 
borns with prenatally detected hydronephrosis: why wait? 
J Urol 1997; 157:1387-9. 

Conway JJ, Maizels MJ. The ‘well tempered’ diuretic 
renogram: a standard method to examine the asympto- 
matic neonate with hydronephrosis or hydrouretero- 
nephrosis. A report from combined meetings of The 
Society for Fetal Urology and members of The Pediatric 
Nuclear Medicine Council-The Society of Nuclear Medi- 
cine. Nucl Med 1992; 33:2047-51. 


265. 


266. 


267. 


268. 


269. 


270. 


271. 


272. 


273. 


274. 


275. 


276. 


277. 


278. 


279. 


280. 


281. 


282. 


283. 


O’Reilly P, Aurell M, Britton K et al. Consensus on diure- 
sis renography for investigating the dilated upper urinary 
tract. J Nucl Med 1996; 37:1872-76. 

Erbagci A, Yagi F, Sarica K, Bakir K. Predictive value of 
renal histological changes for postoperative renal fanction 
improvement in children with congenital ureteropelvic 
junction stenosis. Int J Urol 2002; 9:279-84. 

Palmer LS, Maizels M, Cartwright PC et al. Surgery 
versus observation for managing obstructive grade 3 to 4 
unilateral hydronephrosis: a report from the Society for 
Fetal Urology. J Urol 1998; 159:222-8. 

King LR, Coughlin PW, Bloch EC et al. The case for 
immediate pyeloplasty in the neonate with ureteropelvic 
junction obstruction. J Urol 1984; 132:725-8. 

McVicar M, Margouleff D, Chandra M. Diagnosis and 
imaging of the fetal and neonatal abdominal mass: an 
integrated approach. Adv Pediatr 1991; 38:135-49. 
Pathak IG, Williams DI. Multicystic and cystic dysplastic 
kidneys. Br J Urol 1964; 36:318-31. 

Glassberg KI, Stephens FD, Lebowitz RL et al. Renal 
dysgenesis and cystic disease of the kidney: a report of the 
Committee on Terminology, Nomenclature and Classifi- 
cation, Section on Urology. American Academy of Pedi- 
atrics. J Urol 1997; 138:1085-92. 

Al-Khaldi N, Watson AR, Zuccollo J et al. Outcome of 
antenatally detected cystic dysplastic kidney disease. Arch 
Dis Child 1994; 70:520-2. 

Miller DC, Rumohr JA, Dunn RL, Bloom DA, Park JM. 
What is the fate of the refluxing contralateral kidney in 
children with multicystic dysplastic kidney? J Urol 2004; 
172(4 Pt 2):1630-4. 

Belk RA, Thomas DF, Mueller RF, Godbole P, Markham 
AF, Weston MJ. A family study and the natural history of 
prenatally detected unilateral multicystic dysplastic 
kidney. J Urol 2002; 167(2 Pt 1):666-9. 

De Klerk DP, Marshall FF, Jeffs RD. Multicystic dysplas- 
tic kidney. J Urol 1977; 118:306-8. 

Kessler OJ, Ziv N, Livne PM et al. Involution rate of 
multicystic renal dysplasia. Pediatrics 1998; 102:E73. 
Perez LM, Naidu SI, Joseph DB. Outcome and cost 
analysis of operative versus nonoperative management of 
neonatal multicystic dysplastic kidneys. J Urol 1998; 
160:1207-11. 

Rabelo EA, Oliveira EA, Silva JM et al. Conservative 
management of multicystic dysplastic kidney: clinical 
course and ultrasound outcome. J Pediatr (Rio J) 2005; 
81:400-4. 

Birken G, King D, Vane D, Lloyd T. Renal cell carci- 
noma arising in a multicystic dysplastic kidney. Pediatr 
Surg 1985; 20:619-21. 

Dimmick JE, Johnson HW, Coleman GU, Carter M. 
Wilms tumorlet, nodular renal blastema and multicystic 
renal dysplasia. Urology 1989; 142:484—5; discussion 489. 
Narchi H. Risk of Wilms’ tumour with multicystic kidney 
disease: a systematic review. Arch Dis Child 2005; 
90:147-9. 

Susskind MR, Kim KS, King LR. Hypertension and mul- 
ticystic kidney. Urology 1989; 34:362-6. 

Zerres K, Rudnik-Schoneborn S, Steinkamm C et al. 
Autosomal recessive polycystic kidney disease. J Mol Med 
1998; 76:303-9. 


100 


Clinical pediatric urology 


284. 


285. 


286. 


287. 


288. 


289. 


290. 


291. 


292. 


293. 


294. 


295. 


296. 


297. 


298. 


299. 


300. 


301. 


302. 


Cole BR, Conley SB, Stapleton FB. Polycystic kidney 
disease in the first year of life. Pediatrics 1987; 
TII:693-9. 

Harris PC, Rossetti S. Molecular genetics of autosomal 
recessive polycystic kidney disease. Mol Genet Metab 
2004; 81:75-85. 

Reeders ST, Germino GG. The molecular genetics of 
autosomal dominant polycystic kidney disease. Semin 
Nephrol 1989; 9:122-34. 

Peters DJ, Spruit L, Saris JJ et al. Chromosome 4 local- 
ization of a second gene for autosomal dominant polycys- 
tic kidney disease. Nat Genet 1993; 5:359-62. 

Paterson AD, Pei Y. Is there a third gene for autosomal 
dominant polycystic kidney disease? Kidney Int 1998; 
54:1759-61. 

Papadopoulou D, Tsakiris D, Papadimitriou M. The use 
of ultrasonography and linkage studies for early diagnosis 
of autosomal dominant polycystic kidney disease 
(ADPKD). Ren Fail 1999; 21:67-84. 

MacDermot KD, Saggar-Malik AK, Economides DL, 
Jeffery S. Prenatal diagnosis of autosomal dominant poly- 
cystic kidney disease (PKD1) presenting in utero and 
prognosis for very early onset disease. J Med Genet 1998; 
35:13-16. 

Glassberg KI. Unilateral renal cystic disease. Urology 
1999; 53:1227-8. 

Hahn-Pedersen J, Kvist N, Nielsen OH. Hydrometrocol- 
pos: current views on pathogenesis and management. J 
Urol 1984; 132:537-40. 

Tran AT, Arensman RM, Falterman KW. Diagnosis and 
management of hydrohematometrocolpos syndromes. 
Am J Dis Child 1987; 141:632-4. 

Hill SJ, Hirsch JHA. Sonographic detection of fetal 
hydrometrocolpos. Ultrasound Med 1985; 4:323-5. 
Banerjee AR, Clarke O, MacDonald LM. Sonographic 
detection of neonatal hydrometrocolpos. Br J Radiol 
1992; 65:268-71. 

Turner JH, Leonard JC. Renal scintigraphic findings in a 
patient with hydrometrocolpos. Clin Nucl Med 1997; 
22:394-6. 

Meizner I, Levy A, Katz M, Maresh AJ, Glezerman M. 
Fetal ovarian cysts: prenatal ultrasonographic detection 
and postnatal evaluation and treatment. Am J Obstet 
Gynecol 1991; 164:874-8. 

Armentano G, Dodero P, Natta A et al. Fetal ovarian 
cysts: prenatal diagnosis and management. Report of two 
cases and review of literature. Clin Exp Obstet Gynecol 
1998; 25:88-91. 

Decker PA, Chammas J, Sato TT. Laparoscopic diagno- 
sis and management of ovarian torsion in the newborn. 
JSLS 1999; 3:141-3. 

Blessed WB, Sepulveda W, Romero R et al. Prenatal 
diagnosis of spontaneous rupture of the fetal bladder with 
color Doppler ultrasonography. Am J Obstet Gynecol 
1993; 169:1629-31. 

Adams MC, Ludlow J, Brock JW M, Rink RC. Prenatal 
urinary ascites and persistent cloaca: risk factors for poor 
drainage of urine or meconium. J Urol 1998; 
160:2179-81. 

Machin GA. Diseases causing fetal and neonatal ascites. 
Pediatri Pathol 1985; 4:195-211. 


303. 


304. 


305. 


306. 


307. 


308. 


309. 


310. 


311. 


312. 


313. 


314. 


315. 


316. 


317. 


318. 


319. 


320. 


321. 


322. 


323. 


324. 


Mann CM, Leape LL, Holder TM. Neonatal urinary 
ascites: a report of 2 cases of unusual etiology and a 
review of the literature. J Urol 1974; 111:124-8. 
Forrest JR, Buschi AJ, Howards SS. Neonatal urinary 
ascites secondary to distal ureteral stenosis. J Urol 1980; 
124:919-20. 

Kay R, Brereton RJ, Johnson JH. Urinary ascites in the 
newborn. Br J Urol 1980; 52:451-4. 

Cass AS, Khan AU, Smith S, Godec C. Neonatal perire- 
nal urinary extravasation with posterior urethral valves. 
Urology 1981; 18:258-61. 

Greenfield SP, Hensle TW, Berdon WE, Geringer AM. 
Urinary extravasation in the newborn male with posterior 
urethral valves. Pediatr Surg 1982; 17:751-6. 
Rittenberg M, Hulbert WC, Snyder HM 3rd et al. Pro- 
tective factors in posterior urethal valves. J Urol 1988; 
140:993-6. 

Sahdev S, Jhaveri RC, Vohra K, Khan AJ. Congenital 
bladder perforation and urinary ascites caused by poste- 
rior urethral valves: a case report. J Perinatol 1997; 
17:164-5. 

Chun KE, Ferguson RS. Neonatal urinary ascites due to 
unilateral vesicourerteric junction obstruction. Pediatr 
Surg Int 1997; 12:455-7. 

Smith DP. Can perinatal events cause neonatal urinary 
ascites? Urology 1998; 159:1652-3. 

Mata JA, Livne PM, Gibbons MD. Urinary ascites: com- 
plication of umbilical artery catheterization. Urology 
1987; 30:375-7. 

Diamond DA, Ford C. Neonatal bladder rupture: a com- 
plication of umbilical artery catheterization. J Urol 1989; 
142:1543-4. 

Barry JM, Anderson JM, Hodges CV. The subcapsular C 
sign: a rare radiographic finding associated with neonatal 
urinary ascites. J Urol 1994; 112:836-9. 

Clarke HS Jr, Mills ME, Parres JA, Kropp KA. The 
hyponatremia of neonatal urinary ascites: clinical observa- 
tions, experimental confirmation and proposed mecha- 
nism. Urology 1993; 150:778-81. 

Scott TW. Urinary ascites secondary to posterior urethral 
valves. Urology 1976; 116:87-91. 

Tank ES, Carey TC, Seifert AL. Management of neonatal 
urinary ascites. Urology 1980; XVI:270-3. 

De Vries SH, Klijn AJ, Lilien MR, De Jong TP. Devel- 
opment of renal function after neonatal urinary ascites 
due to obstructive uropathy. J Urol 2002; 168:675-8. 
Parker RM. Neonatal urinary ascites. A potentially favor- 
able sign in bladder outlet obstruction. Urology 1974; 
TII:589-94. 

Wasnick RJ. Neonatal urinary ascites secondary to uretero- 
pelvic junction obstruction. Urology 1987; 30:470-1. 
Reha WC, Gibbons MD. Neonatal ascites and ureteral 
valves. Urology 1989; 33:468-71. 

Fowlie F, Giacomantonio M, McKenzie E et al. Antena- 
tal sonographic diagnosis of adrenal neuroblastoma. Can 
Assoc Radiol J 1986; 37:50-1. 

Giulian BB, Chang CCN, Yoss BS. Prenatal ultrasono- 
graphic diagnosis of fetal adrenal neuroblastoma. J Clin 
Ultrasound 1986; 14:225-7. 

Flake AW. Fetal sacrococcygeal teratoma. Semin Pediatr 
Surg 1993; 2:113-20. 


Prenatal and postnatal urologic emergencies 


101 


325. 


326. 


327. 


328. 


329. 


330. 


331. 


332. 


333. 


334. 


335. 


336. 


337. 


338. 


339. 


340. 


341. 


342. 


343. 


344. 


Chisholm CA, Heider AL, Kuller JA et al. Prenatal diag- 
nosis and perinatal management of fetal sacrococcygeal 
teratoma. Am J Perinatol 1999; 16:47-50. 

Lukens JN. Neuroblastoma in the neonate. Semin Peri- 
natol 1999; 23:263-73. 

Woods WG, Gao RN, Shuster JJ. Screening of infants 
and mortality due to neuroblastoma. N Engl J Med 2002; 
346:1041-6. 

Liyanage IS, Katoch D. Ultrasonic prenatal diagnosis of 
liver metastases from adrenal neuroblastoma. J Clin 
Ultrasound 1992; 20:401-3. 

Ho PTC, Estroff JA, Kozakewich H et al. Prenatal detec- 
tion of neuroblastoma: a ten-year experience from the 
Dana-Farber Cancer Institute and Children’s Hospital. 
Pediatrics 1993; 92:358-64. 

Jennings RW, LaQuaglia MP, Leong K et al. Fetal neu- 
roblastoma: prenatal diagnosis and natural history. J 
Pediatr Surg 1993; 28:1168-74. 

Toma P, Lucigrai G, Marzoli, Lituania M. Prenatal diag- 
nosis of metastatic adrenal neuroblastoma with sonogra- 
phy and MR imaging. AJR Am J Roentgenol 1994; 162: 
1183-14. 

Houlihan C, Jampolsky M, Shilad A, Principe D. Prena- 
tal diagnosis of neuroblastoma with sonography and 
magnetic resonance imaging. J Ultrasound Med 2004; 
23:547-50. 

Haase GM, Perez C, Atkinson JB. Current aspects of biol- 
ogy, risk assessment, and treatment of neuroblastoma. 
Semin Surg Oncol 1999; 16:91-104. 

McWilliams NB. Screening infants for neuroblastoma in 
North America. Pediatrics 1987; 79:1048-9. 

Woods WG, Tuchman M. Neuroblastoma: the case for 
screening infants in North America J Natl Cancer Int 
1997; 89:373-80. 

Erttman R, Tafese T, Berthold F et al. 10 years’ neuro- 
blastoma screening in Europe: preliminary results of a 
clinical and biological review from the Study Group for 
Evaluation of Neuroblastoma Screening in Europe 
(SENSE). Eur J Cancer 1998; 34:1391-7. 

van Noesel MM, Hahlen K, Hakvoort-Cammel FG, 
Egeler RM. Neuroblastoma 4S: a heterogeneous disease 
with variable risk factors and treatment strategies. Cancer 
1997; 80:834-43. 

Matzinger MA, Matzinger FR, Matzinger KE, Black MD. 
Antenatal and postnatal findings in intra-abdominal pul- 
monary sequestration. Can Assoc Radiol J 1992; 
43:212-14. 

Eklof O, Mortensson W, Sandstedt B. Suprarenal 
haematoma versus neuroblastoma complicated by haem- 
orrhage. Acta Radiol Diag 1986; 27:3-10. 

Croitoru DP, Sinsky AB, Laberge J. Cystic neuroblas- 
toma. J Pediatr Surg 1992; 27:1320-1. 

Richard ML, Gundersen AE, Williams MS. Cystic neu- 
roblastoma of infancy. J Pediatr Surg 1995; 30:1354~-7. 
Acharya S, Jayabose S, Kogan SJ et al. Prenatally diag- 
nosed neuroblastoma. Cancer 1997; 80:304-10. 
Hamada Y, Ikebukuro K, Sato M et al. Prenatally diagnosed 
cystic neuroblastoma. Pediatr Surg Int 1999; 15:71-4. 
Hosoda Y, Miyano T, Kimura K et al. Characteristics and 
management of patients with neuroblastoma. J Pediatr 
Surg 1992; 27:623-5. 


345. 


346. 


347. 


348. 


349. 


350. 


351. 


352. 


353. 


354. 


355. 


356. 


357. 


358. 


359. 


360. 


361. 


362. 


363. 


364. 


Bove KE. Wilms’ tumor and related abnormalities in the 
fetus and newborn. Semin Perinatol 1999; 23:310-18. 
Pinto E, Guignard JP. Renal masses in the neonate. Biol 
Neonate 1995; 68:175-84. 

Lowe LH, Isuani BH, Heller RM et al. Pediatric renal 
masses: Wilms' tumor and beyond. Radiographics 2000; 
20:1585-603. 

Glick RD, Hicks MJ, Nuchtern JG, Wesson DE, Olutoye 
OO, Cass DL. Renal tumors in infants less than 6 months 
of age. J Pediatr Surg 2004; 39:522-5. 

Applegate KE, Ghei M, Perez-Atayde AR. Prenatal 
detection of a Wilms’ tumor. Pediatr Radiol 1999; 
29:65-7. 

Beckwith JB. Pernatal detection of a Wilms’ tumor. Pedi- 
atr Radiol 1999; 29:64—5. 

Vadeyar S, Ramsay M, James D, O’Neill D. Prenatal 
diagnosis of congenital Wilms’ tumor (nephroblastoma) 
presenting as fetal hydrops. Ultrasound Obstet Gynecol 
2000; 16:80-3. 

Ferrer FA, McKenna PH, Donnal JF. Noninvasive 
angiography in preoperative evaluation of complicated 
pediatric renal masses using phase contrast magnetic res- 
onance angiography. Urology 1994; 44:254-9. 
Campagnola S, Fasoli L, Flessati P et al. Congenital cystic 
mesoblastic nephroma. Urol Int 1998; 61:254-6. 
Haddad B, Haziza J, Touboul C et al. The congenital 
mesoblastic nephroma: a case report of prenatal diagno- 
sis. Fetal Diagn Ther 1996; 11:61-6. 

Chan HSL, Cheng M, Mancer K et al. Congenital 
mesoblastic nephroma: a clinicoradiologic study of 17 
cases representing the pathologic spectrum of the disease. 
J Pediatr 1987; III:64—70. 

Charles AK, Vujanic GM, Berry PJ. Renal tumours of 
childhood. Histopathology 1998; 32:293-309. 

Leob DM, Hill DA, Dome JS. Complete response of 
recurrent cellular congenital mesoblastic nephroma to 
chemotherapy. J Pediatr Hematol Oncol 2002 Aug; 
24:478-81. 

Heidelberger KP, Ritchey ML, Dauser RC et al. Con- 
genital mesoblastic nephroma metastatic to the brain. 
Cancer 1993; 72:2499-502. 

Arensman RM, Belman AB. Ruptured congenital 
mesoblastic nephroma: chemotherapy and irradiation as 
adjuvants to nephrectomy. Urology 1980; XV:394-6. 
Matsumura M, Nishi T, Sasaki Y et al. Prenatal diagnosis 
and treatment strategy for congenital mesoblastic 
nephroma. J Pediatr Surg 1993; 28:1607-9. 

Hibbert J, Howlett DC, Greenwood KL et al. The ultra- 
sound appearances of neonatal renal vein thrombosis. Br 
J Radiol 1997; 70:1191-4. 

Cozzolino DJ, Cendron M. Bilateral renal vein thrombo- 
sis in a newborn: a case of prenatal renal vein thrombosis. 
Urology 1997; 50:128-31. 

Zigman A, Yazbeck S, Emil S, Nguyen L. Renal vein 
thrombosis: a 10-year review. J Pediatr Surg 2000; 
35:1540-2. 

Heller C, Schobess R, Kurnik K et al. Abdominal venous 
thrombosis in neonates and infants: role of prothrom- 
botic risk factors — a multicentre case-control study. For 
the Childhood Thrombophilia Study Group. Br J 
Haematol 2000; 111:534~9. 


102 


Clinical pediatric urology 


365. 


366. 


367. 


368. 


369. 


370. 


371. 


372. 


373. 


374. 


375. 


376. 


377. 


378. 


379. 


380. 


381. 


382. 


383. 


384. 


Kosch A, Kuwertz-Broking E, Heller C et al. Renal 
venous thrombosis in neonates: prothrombotic risk factors 
and long-term follow-up. Blood 2004; 104:1356-60. 
Belman AB, King LR. The pathology and treatment of 
renal vein thrombosis in the newborn. J Urol 1972; 
107:852-5. 

Duncan BW, Adzick NS, Longaker MT et al. In utero 
arterial embolism from renal vein thrombosis with suc- 
cessful postnatal thrombolytic therapy. Pediatr Surg 
1991; 26:741-3. 

Nuss R, Hays T, Manco-Johnson M. Efficacy and safety 
of heparin anticoagulation for neonatal renal vein throm- 
bosis. Am J Pediatr Hematol Oncol 1994; 16:127-31. 
Keidan I, Lotan D, Gazit G et al. Early neonatal renal 
venous thrombosis: long-term outcome. Acta Paediatr 
1994; 83:1225-7. 

Jobin J, O'Regan S, Demay G et al. Neonatal renal vein 
thrombosis — long-term follow-up after conservative man- 
agement. Clin Nephrol 1982; 17:36-40. 

Laplante S, Patriquin HB, Robitaille P et al. Renal vein 
thrombosis in children: evidence of early flow recovery 
with Doppler US. Radiology 1993; 189:37-42. 
Durante D, Jones D, Spitzer R. Neonatal renal arterial 
embolism syndrome. Pediatrics 1976; 89:978-81. 

Bauer SB, Feldman SM, Gellis SS, Retik AB. Neonatal 
hypertension. A complication of umbilical-artery 
catheterization. N Engl J Med 1975; 293:1032-3. 
Kavaler E, Hensle TW. Renal artery thrombosis in the 
newborn infant. Urology 1997; 50:282-4. 

Griscom NT, Colodny AH, Rosenberg HK. Diagnostic 
aspects of neonatal ascites: report of 27 cases. AJR Am J 
Roentgenol 1977; 128:961-9. 

Greenberg R, Waldman D, Brooks C et al. Endovascular 
treatment of renal artery thrombosis can be caused by 
umbilical artery catheterization. J Vasc Surg 1998; 
28:949-53. 

Gunnarsson B, Heard CM, Martin DJ, Brecher ML, 
Steinhorn RH. Successful lysis of an obstructive aortic 
and renal artery thrombus in a neonate on extracorporeal 
membrane oxygenation. J Perinatol 2000; 20(8 Pt 
1):555-7. 

Felc A. Ultrasound in screening for neonatal adrenal hem- 
orrhage. Am J Perinatol 1995; 12:363-6. 

Burbige KA. Prenatal adrenal hemorrhage confirmed by 
postnatal surgery. J Urol 1993; 150:1867-9. 

Chen C, Shih S, Chuang C et al. In utero adrenal hemor- 
rhage: clinical and imaging findings. Acta Obstet Gynecol 
Scand 1998; 77:239-41. 

Fang SB, Lee HC, Sheu JC et al. Prenatal sonographic 
detection of adrenal hemorrhage confirmed by postnatal 
surgery. J Clin Ultrasound 1999; 27:206-9. 

Willemse AP, Coppes MJ, Feldberg MA et al. Magnetic 
resonance appearance of adrenal hemorrhage in a 
neonate. Pediatr Radiol 1989; 19:210-1. 

Hoeffel C, Legmann P, Luton JP et al. Spontaneous uni- 
lateral adrenal hemorrhage: computerized tomography 
and magnetic resonance imaging findings in 8 cases. J 
Urol 1995; 154:1647-51. 

Khuri FJ, Alton DJ, Hardy BE et al. Adrenal hemorrhage 
in neonates: report of 5 cases and review of the literature. 
J Urol 1980; 124:684—7. 


385. 


386. 


387. 


388. 


389. 


390. 


391. 


392. 


393. 


394. 


395. 


396. 


397. 


398. 


399. 


400. 


401. 


402. 


403. 


404. 


405. 


Sherer DM, Kendig JW, Sickel JZ et al. In utero adrenal 
hemorrhage associated with fetal distress, subsequent 
transient neonatal hypertension, and a nonfunctioning 
ipsilateral kidney. Am J Perinatol 1994; 11:302-4. 
Ferrer FA, McKenna PH. Partial nephrectomy in a 
metachronous multilocular cyst of the kidney (cystic 
nephroma). J Urol 1994; 151:1358-60. 

Duel BP, Hendren WH, Bauer SB et al. Reconstructive 
options in genitourinary rhabdomyosarcoma. J Urol 
1996; 156:1798-804. 

Merguerian PA, Agarwal S, Greenberg M et al. Outcome 
analysis of rhabdomyosarcoma of the lower urinary tract. 
J Urol 1998; 160: 1191-14, discussion 1216. 

Hays DM, Raney RB, Wharam MD et al. Children with 
vesical rhabdomyosarcoma (RMS) treated by partial cys- 
tectomy with neoadjuvant or adjuvant chemotherapy, 
with or without radiotherapy. A report from the Inter- 
group Rhabdomyosarcoma Study (IRS) Committee. J 
Pediatr Hematol Oncol 1995; 17:46-52. 

Lazar EL, Stolar CJ. Evaluation and management of pedi- 
atric solid ovarian tumors. Semin Pediatr Surg 1998; 
7:29-34. 

Mukai M, Takamatsu H, Noguchi H, Tahara H. Intra- 
abdominal testis with mature teratoma. Pediatr Surg Int 
1998; 13:204-5. 

Sloan WR, Walsh PC. Familial persistent Mullerian duct 
syndrome. J Urol 1976; 115:459-61. 

Allen TD. Disorders of sexual differentiation. Urology 
1976; 7(Suppl 4):1-32. 

Rajfer J, Walsh PC. Testicular descent. Normal and 
abnormal. Urol Clin North Am 1978; 5:223-35. 

Verp MS, Simpson JL. Abnormal sexual differentiation 
and neoplasia. Cancer Genet Cytogenet 1987; 
25:191-218. 

Kanayama H, Naroda T, Inoue Y et al. A case of com- 
plete testicular feminization: laparoscopic orchietomy and 
analysis of androgen receptor gene mutation. Int J Urol 
1999; 6:327-30. 

Bloom DA, Wan J, Key D. Disorders of the male exter- 
nal genitalia and inguinal canal. Clin Pediatr Urol 1992; 
2:1015-49. 

Mares AJ, Shkolnik A, Sacks M, Feuchtwanger MM. 
Aberrant (ectopic) adrenocortical tissue along the sper- 
matic cord. Pediatr Surg 1980; 15:289-92. 

Paul R, Bielmeier J, Breul J et al. Accessory spleen of the 
spermatic cord. Urologe A 1997; 36:262-4. 

Knoedler CJ, Kay R, Knoedler JP Sr, Wiig Th. Pelvic 
neuroblastoma. J Urol 1989; 141:905-7. 

Kay R. Pediatric urologic intraoperative consultation. 
Urol Clin North Am 1985; 12:461-8. 

Shandling B, Jank JJ. The vunerability of the vas deferens. 
J Pediatr Surg 1981; 16:461-4. 

Zabbo A, Montie JE. Intraoperative consultation for the 
kidney. Urol Clin North Am 1985; 12:405-10. 

Gerber WL. Catheter guide for neonates. Urology 1982; 
20:87. 

Redman JF. A catheter guide to obviate difficult urethral 
catheterization in male infants and boys. J Urol 1994; 
151:1051-2. 


Urinary tract infections in children 7 


Hans G Pohl and H Gil Rushton 


Introduction 


In prior editions, this chapter was introduced with the 
concept that recently discovered bacterial virulence 
factors, such as those promoting adherence to uroep- 
ithelial cells, were assuming a greater importance in 
the pathophysiology of urinary tract infections 
(UTIs) in children. However important these geneti- 
cally encoded bacterial factors might be in enhancing 
the potential of uropathogenic bacteria to cause 
symptomatic disease, mounting evidence suggests 
that deficient host defense factors and tissue repair 
mechanisms may contribute more significantly to an 
individual’s susceptibility to urinary infection. 


Epidemiology 


Urinary tract infections in children may be sympto- 
matic or asymptomatic. Symptomatic infections may 
be confined to the bladder (cystitis), or they may 
involve the upper collecting system (ureteritis, 
pyelitis), or extend into the renal parenchyma 
(pyelonephritis). Age, gender, race, circumcision 
status, the method of detection, and presentation all 
influence the prevalence of symptomatic versus 
asymptomatic urinary infection. 

Overall, the incidence of neonatal bacteriuria has 
been reported as 1-1.4%.!-? The male-to-female ratio 
in infants is reversed from that seen in older children. 
From a compilation of screening studies of healthy 
newborns reviewed by Stamey, 1.5% of boys versus 
only 0.13% of girls had bacteriuria.* However, the 
actual incidence of UTI during infancy has probably 
been underestimated in the past, partly because of the 
difficulty in diagnosing UTI in this age group. In a 3- 
year prospective study of 3581] infants (aged 0-1 
year) in Goteborg, Sweden, asymptomatic bacteriuria 
was confirmed by suprapubic aspiration of urine in 
2.5% of boys and 0.9% of girls. Symptomatic uri- 
nary infection occurred equally often in both sexes 


(1.2% of boys and 1.1% of girls). Overall, 3.7% of 


boys and 2% of girls had positive urine cultures 
during the first year of life. The male predominance 
noted in the Goteborg study during the first few 
months of life has also been reported by others.o? 
Uncircumcised infant boys are eight to ten times 
more likely to have symptomatic urinary infection as 
compared to their circumcised counterparts. !® 
During preschool and school age, the male-to- 
female ratio observed in neonates is reversed, making 
screening bacteriuria more prevalent in girls®? (Table 
7.1). In several large studies of school-age children 
the aggregate risk of screening bacteriuria has been 
reported to be 0.7-1.95% of girls and 0.04-0.2% of 
boys.!?-!© However, in as many as one-third of these 
children a prior history of UTI or voiding symptoms 
could be elicited (Table 7.2). Based on an average 
annual incidence figure of 0.4%, Kunin (1964) esti- 
mated that bacteriuria will develop in approximately 
5% of girls prior to graduation from high school. 
Additional data collected by Kunin! revealed that 
infection will recur in up to 80% of all white girls and 
60% of black girls within 5 years of initial infection. !? 
In a prospective population-based study of sympto- 
matic UTIs in children living in Goteborg, Sweden, 
Winberg et al estimated that the aggregate risk for 
symptomatic UTI up to age 11 was at least 3% for 
girls and 1.1% for boys.1! In an update of a previous 
study, the incidence of culture-documented UTIs was 


Table 7.1 Gender ratio of urinary tract infections 


Age range Females Males 
Neonate 0.4 1 
1-6 months i5 ql 
6-12 months 4.0 1 
1-3 years 10.0 1 
3-11 years 9.0 1 
11-16 years 2.0 1 


From Belman and Kaplan, 1981, modified from 
Winberg et al." 
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Table 7.2 The clinical history and symptoms of 109 
children with ‘screening’ bacteriuria 


History/symptoms Prevalence (%) 


All symptoms (excluding 


nocturnal enuresis) 70 
Urgency 54 
Frequency 53 
Nocturnal enuresis 51 
Diurnal enuresis 47 
Previous urinary tract infection 20 
Dysuria 13 
Unexplained fever 7 
Flank pain 4 
Nocturia 4 


Modified from Savage et al.'” 


twice as high as previously estimated, affecting 7.8% 
of girls and 1.6% of boys during the first 6 years of 


life.!8 To confirm these findings, Marild and Jodal 
recently performed a retrospective population-based 
study of 41 000 children of Goteborg, Sweden.!? The 
cumulative incidence rate of symptomatic UTIs was 
6.6% for girls and 1.8% for boys. These data proba- 
bly do not reflect an increasing incidence of UTIs 
since the publication of the earliest report, but instead 
a greater detection rate. In these epidemiologic stud- 
ies, the incidence of febrile UTIs was greatest in 
infant boys and girls as compared to children over 2 
years of age. Gender differences in the incidence rates 
of first-time febrile and non-febrile UTIs were most 
evident in children >2 years old. Girls >2 years old 
were much more likely to present with first-time UTI, 
both with and without fever, as compared to their 
age-matched male counterparts (Figure 7.la and b). 
Once treated, infants with symptomatic urinary 
infections are at risk for recurrent infection (26%), 
usually in the first 3 months of follow-up. In older 
girls the risk for recurrence following symptomatic 
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HE Girls, febrile (n=101) 
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Figure 7.1 Annual incidence rate in 1 year intervals of febrile urinary tract infection in children studied during a 20- 
month period between 1979 and 1981. (a) Incidence of febrile infections in boys compared with girls. (6) Incidence 
of non-febrile infections in boys compared with girls. (Adapted from Marild and Jodal.'9) 
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urinary infection is as high as 40-60% within 18 
months. This risk persists into adulthood.’ In one 
study, 60 girls with childhood bacteriuria followed 
into adulthood (9-18-year follow-up) were compared 
with 38 non-bacteriuric controls.2° During preg- 
nancy, a significantly greater incidence of bacteriuria 
was diagnosed in the group with the history of posi- 
tive urine cultures in childhood (63.8%) when com- 
pared with the controls (26.7%). Interestingly, the 
propensity for urinary infection persisted in the chil- 
dren born to bacilluric women, whereas none of the 
children born to healthy controls demonstrated uri- 
nary infection. 

Further evidence supporting a lifelong risk for 
symptomatic urinary infection in individuals present- 
ing during childhood is reported by the Goteborg 
Childhood UTI Research Group. These authors fol- 
lowed 111 women with renal scarring or recurrent 
UTIs. Febrile UTIs were more prevalent than non- 
febrile UTIs during the first 10 years of life but con- 
tinued to occur into the third decade. Although the 
prevalence of febrile UTIs diminished in adulthood, 
women with renal scarring during childhood were 
significantly more likely to have subsequent febrile 
UTIs. Overall, the median incidence of symptomatic 
UTIs was 7 per individual.?!, 


Bacteriology 


The organisms that colonize the urinary tract are 
specifically adapted towards this purpose. Research 
has identified specific virulence factors that determine 
an organism’s pathogenic potential, thus differentiat- 
ing strains commonly associated with asymptomatic 
bacteriuria, cystitis, or acute pyelonephritis. How- 
ever, uropathogenic strains do not rigorously con- 
form to predicted behavior. Rather, a few general 
principles are applicable, such as the presence of sur- 
face molecules important for adhesion and toxins that 
assist tissue invasion. 

A large family of Gram-negative, aerobic bacilli 
known as Enterobacteriaciae cause the majority of 
uncomplicated UTIs. Included in this family are the 
genera Escherichia, Klebsiella, Enterobacter, Citrobacter, 
Proteus, Providencia, Morganella, Serratia, and Salmo- 
nella. Of these, E. coli is by far the most frequently iso- 
lated organism, being responsible for approximately 
80% of UTIs. This family of bacteria is generally 
characterized by a negative reaction to the oxidase test 
and the capacity to ferment glucose and reduce 
nitrates to nitrite. Pseudomonas is also a Gram-nega- 
tive, aerobic bacillus but is distinct and unrelated to 


Enterobacteriaciae. Most Pseudomonas recovered from 
the urine are of relatively low virulence and do not 
tend to invade tissue unless host defense mechanisms 
are compromised. 

The most common Gram-positive organisms found 
in UTIs are Staphylococcus and Enterococcus. Anaerobic 
fecal flora rarely produce UTIs despite being 100 to 
1000 times more abundant than E. coli in stool.?% 
Occasionally, unusual or fastidious organisms may 
produce infections that are difficult to detect because 
they do not grow well in commonly used culture 
media. For example, Haemophilus influenzae has been 
reported to cause urinary infections,?+ as well as epi- 
didymo-orchitis in infant males.” Other unusual 
organisms include Salmonella sp. and Shigella. 
Although lactobacilli, corynebacteria, and alpha strep- 
tococcus may rarely cause UTI, they probably should 
be considered contaminants unless they are found in 
culture of specimens obtained by suprapubic aspira- 
tion or by catheterization. 

The bacteriologic findings in the Goteburg study 
suggest that ‘the [predisposing] environmental condi- 
tions in the periurethral region and the host defense 
mechanisms vary with age and sex’.!! This study iden- 
tified four characteristic bacteriologic trends in child- 
hood urinary tract infections: 


1 A high frequency of Proteus sp. infections in older 
boys (most of whom were uncircumcised), and 
greater variability in infecting organisms in boys 
than in girls. 

2 A greater likelihood of staphylococcal infection in 
adolescence, especially in girls. 

3 A greater frequency of E. coli urinary infection in 
neonatal boys than in girls of that age. 

4 A decreased frequency of Klebsiella urinary infec- 
tion in older children (Table 7.3) 


Other general rules include the fact that the majority 
of uncomplicated infections are caused by a single 
organism. Patients with complicated infections, par- 
ticularly those children who have been managed with 
long-term catheterization, may have multiple organ- 
isms. Sometimes the strain of bacterium is suggestive 
of underlying urinary pathology, such as the relation- 
ship of Proteus sp. and struvite stones. 


Serology 


E. coli, the most common species of uropathogens, 
can be typed serologically by three major groups of 
antigenic structures capable of producing specific 
antibodies. There are more than 150 O (cell wall) 
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Table 7.3 Infecting bacteria (%) isolated from ‘first-time’ urinary infection in children categorized by age and 
gender 


antigens, more than 50H (flagellar) antigens, and 
approximately 100 K (capsular) antigens. Not all 
strains are typable. Serologic classification in UTI is 
restricted mainly to O antigens. Early studies have 
attempted to correlate serologic markers with 
increased virulence or tissue invasiveness. Most of 
these were epidemiologic studies that were conducted 
prior to discovery of the special role of specific viru- 
lence factors, such as adhesins (attachment struc- 
tures). In contrast to patients with cystitis or 
asymptomatic bacteriuria, patients with pyelonephri- 
tis have been found to be more frequently infected 
with certain O typable strains and strains having cer- 
tain K antigens. Eight O antigen types (O1, O2, O4, 
O6, O7, O18, O25, O75) were the cause of 80% of 
cases of pyelonephritis in one report.’ Another study 
reported that E. coli possessing five K antigens (K1, 
K2, K3, K12, K13) accounted for 70% of isolates 
from patients with pyelonephritis.?” These serologic 
studies have been extended to identify more specific 
O:K:H combination serotypes characteristic of 
pyelonephritogenic strains. 


Virulence factors 


The term virulence simply refers to the ability of 
microorganisms to cause disease. The concept of 
uropathogenic bacteria refers to certain strains that 
are selected from the fecal flora, not by chance or 
prevalence, but because of the presence of specific vir- 
ulence factors that enhance colonization of the uroep- 
ithelium. Other virulence factors aid in persistence of 
bacteria in the urinary tract and provide these organ- 
isms with the capacity to induce inflammation of the 


urethra, bladder, or renal parenchyma. Recognized E. 
coli virulence factors include but are not limited to (1) 
adherence to uroepithelial cells, (2) elaboration of 
endotoxin, (3) ability to evade phagocytosis, (4) abil- 
ity to damage host cells and other bacteria, (5) ability 
to acquire iron, and (6) resistance to serum bacterici- 
dal activity. Studies of pyelonephritogenic strains of 
E. coli reveal the presence of a limited number of bac- 
terial clones that possess specific virulence factors that 
are expressed only in certain O groups.?8 In a mouse 
model of acute pyelonephritis, it was determined that 
each virulence factor has a role causing UTI. 
Although the presence of P-fimbriae and hemolysin 
was significantly associated with mortality, additional 
factors functioned synergistically to augment a strain’s 
pathogenicity.”? 


Adherence 


Bacterial adherence or attachment is an essential initi- 
ating step in all infections. Perineal colonization by 
uropathogenic bacteria has been found to precede 
clinical UTI in women and children at risk for 
UTI.630-33 Tissue invasion, inflammation, and cell 
damage are secondary events. Uropathogenic bacte- 
ria, especially E. coli, can attach to specific receptor 
sites (bacterial tropism) by means of specialized pro- 
teins (adhesins) on the ends of attachment structures 
(fimbria). Non-specific adherence also occurs by elec- 
trostatic and hydrophobic forces. In addition to rec- 
ognizing constituents of uroepithelial cell surface, 
fimbriae also attach to constituents of the basement 
membrane. By virtue of such attachment, virulent 
strains of bacteria can ascend into the upper urinary 
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Figure 7.2 Type 1 pilus-mediated bacterial adherence to the bladder epithelium. Mouse bladders were processed 
for (a, b) scanning electron microscopy (SEM) and high-resolution EM at 2 h after infection with £. coli NU14. The 
boxed areas in (c) and (d) are shown magnified in (d) and (e), respectively. The arrow in (e) indicates the FimH- 
containing tip. In (A), type 1 pili span from the host cell membrane on the right to the bacterium on the left. Scale 
bars = 5 um (a, b), 0.5 um (c, f), and 0.1 um (d-A). (From Malvey et al.34) 


tract even in the absence of structural abnormalities 
such as vesicoureteral reflux (VUR). 

Several different types of fimbriae have been identi- 
fied. Type 1 fimbriae mediate agglutination between 
bacteria and cells in culture. Type 1 fimbriae bind 
specifically to mannose-terminated glycoproteins on 
uroepithelial cell surfaces. Since this agglutination can 
be competitively inhibited by a mannose-rich solu- 
tion, type 1 fimbriae are often termed mannose-sensi- 
tive. Alternatively, P-fimbriae recognize a glycolipid 
commonly found on uroepithelial cells of the upper 
urinary tract through a mannose-resistant interaction 
(Figure 7.2). Uropathogenic bacteria rely on both 
mannose-sensitive type 1 fimbriae and mannose-resis- 
tant P-fimbriae to colonize the urinary tract. The 
expression of type 1 and P-fimbriae varies between 
‘om and ‘off states, and is likely regulated by environ- 


mental conditions.** In addition to type 1 and P-fim- 
briae, uropathogenic bacteria employ several other 
adhesins, both fimbrial and non-fimbrial. Unfortu- 
nately, little epidemiologic evidence exists that clari- 
fies the role of these additional adhesins on E. coli 
(S-fimbriae, FIC-fimbriae, S/FIC-related fimbriae), 
Klebsiella (MR/K HA), and Proteus sp. (MR/P HA, 
PMF, ATF, NAF, UCA) in the pathogenesis of UTI. 

In addition to promoting attachment, type 1 fim- 
briae mediate bacterial invasion into the uroepithelial 
cells themselves, thus protecting bacteria from antibi- 
otics that do not penetrate the cell’s membrane, such 
as aminoglycosides.*4 In fact, viable internalized bac- 
teria can be isolated from uroepithelial cells 48 hours 
after infection, and may account for recurrent infec- 
tion by the same bacterial strain (Figure 7.3). Once 
type 1 fimbriated E. coli attach, the uroepithelial cells 
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Figure 7.3 Kinetics of bacterial reduction in £. coli NU14-infected bladders and the persistence of intracellular bac- 
teria. (a) The total numbers of bacteria per gram of mouse bladder (circles) and the numbers of gentamicin- 
protected bacteria (boxes) were examined per time point. (b-e) Bacteria in various stages of internalization into 
superficial cells at 2 h after infection with £. coli NU14 were detected by scanning electron microscopy (SEM). Scale 
bars = 10 um (b) and 1 um (c-e). (From Malvey et al.34) 


undergo apoptosis (programmed cell death) that tors for type 1 fimbriae, no evidence exists that impli- 
results in bladder mucosal ulceration. cates type 1 fimbriae directly in the pathogenesis of 
Although the entire urothelial surface, including pyelonephritis. However, it has been demonstrated in 


the upper urinary tract, contains glycoprotein recep- experimental models and clinical studies that once 
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pyelonephritis occurs, the presence of type 1 fimbriae 
significantly increases a strain’s ability to persist in the 
urinary tract and to stimulate inflammation.36-3? 

Clinical and experimental studies have shown that 
pyelonephritic E. coli frequently possess fimbriae that 
can recognize and agglutinate erythrocytes of the P-1 
blood group. Hence, this type of pili have been 
termed P-fimbriae. The P-fimbriae attach to the car- 
bohydrate portion (-D-galactopyranosyl-(1—-4)-B-D- 
galactopyranoside) of the glycolipid antigen in the P 
blood group series, which is also expressed by human 
uroepithelial cells.4°4! The components of P-fimbriae 
are encoded by 11 genes in the pyelonephritis-associ- 
ated pilus (pap) gene cluster, of which pap E, F, and 
G, encode for the adhesin subunits. 

Further research has identified that not all P-fim- 
briae are alike. Proteins located at the tip (G-tip pro- 
teins or tip adhesins) determine the fimbria’s specific 
attachment properties. Three classes have been identi- 
fied, of which only class II and class I P-fimbriae 
have uropathogenic potential. In-vitro studies have 
found that the class HI P-fimbriae bind receptors 
found in higher density on bladder uroepithelium. In 
contrast, class II tip adhesins may be more important 
in the evolution of acute pyelonephritis by virtue of an 
increased density of class II specific receptors located 
on the uroepithelium of the upper urinary tract.4? 
James-Ellison et al have described a statistically signif- 
icant greater likelihood of clinical and histologic indi- 
cators of acute pyelonephritis in primates inoculated 
with class II fimbriated E. coli than when primates are 
inoculated with class M fimbriated E. coli.43 

Epidemiologic studies in children have provided 
considerable evidence that the presence of P-fimbriae 
on E. coli is a significant virulence factor, particularly 
in upper urinary tract infections. These studies have 
shown that 76-94% of pyelonephritogenic strains of 
E. coli are P-fimbriated compared with 19-23% of 
cystitis strains, 14-18% of strains isolated from 
patients with asymptomatic bacteriuria, and 7-16% 
of fecal isolate strains.?84+ Other evidence supporting 
the importance of P-fimbriae in causing upper urinary 
tract infections comes from animal model studies. 
Inoculation of the bladders of non-refluxing primates 
with P-fimbriated E. col resulted in pyelonephritis in 
66% of animals. In contrast, pyelonephritis was not 
seen in any of the monkeys inoculated with non-P- 
fimbriated E. coli.4° 

In addition to their role in the pathogenesis of 
pyelonephritis through attachment to renal epithelial 
cells, P-fimbriae also function to promote intestinal 
carriage by the host, as well as enhancing perineal col- 


onization (see host factors) and persistence in the uri- 
nary tract. Although the data regarding intestinal car- 
riage and perineal colonization (see host factors) by 
P-fimbriated E. coli strongly implicate the P-fimbriae 
in the pathogenesis of infection, the data regarding 
bacterial persistence are less clear. 

Although fimbriae appear to be the primary method 
by which bacteria colonize the urinary tract, there is 
also attachment to non-exposed ‘receptors’ located in 
the interstitium. Secondary binding to fibronectin 
occurs by means of fimbriae encoded by pap, papG, 
sfa, afa and prsG DNA sequences; a feature also more 
common in pyelonephritogenic strains than in strains 
causing cystitis or asymptomatic bacteriuria.*°4” Other 
adhesins may actually play a protective role by prevent- 
ing UTI through competitive binding. For example, S- 
fimbriae and type 1 fimbriae bind to Tamm—Horsfall 
protein and low molecular weight substances, respec- 
tively. Once bound, clearance of bacteria by periodic 
shedding of these soluble bacteria—protein complexes 
in the urine offers a theoretical advantage by reducing 
the number of infecting organisms. 

Some data suggest that an organism’s phenotype is 
variable, first facilitating colonization of the uroep- 
ithelium, then undergoing specific changes (phase 
variation) to evade eradication by the host’s immune 
response, as well as promote ascent within the urinary 
tract.48 E. coli alternately express type 1 then P-fim- 
briae as UTI progresses from colonization to cystitis, 
then to pyelonephritis. Some type 1 bacteria do reach 
the renal parenchyma (as in the case of VUR). These 
bacteria, however, must then escape type 1 fimbria- 
specific neutrophil receptors. In-vitro studies have 
demonstrated that neutrophils elicit a more severe 
inflammatory response in the presence of type 1 fim- 
briated strains than when in the presence of a mutant 
strain lacking the type 1 fimbria.?” Phase variation to 
non-type 1 fimbriated strains is known to occur, 
thereby conferring a potentially protective advantage. 
Despite this apparently unified view of bacterial viru- 
lence, several studies also exist to challenge any 
attempt to simplify the complex interaction between 
bacteria and host.4”50 In fact, the appearance of P- 
fimbriated strains in the periurethral region of girls at 
risk for cystitis does not inevitably result in urinary 
infection.*! Thus, bacterial virulence properties 
should not be the sole focus of blame in the develop- 
ment of UTI. Host risk factors probably are of equal, 
if not greater, significance. 

Despite its significance, bacterial adherence is only 
one of several factors believed to have a role in infec- 
tion. Other bacterial virulence factors and host 
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defense factors may play an even greater role in tissue 
invasion and inflammation. In an experimental study 
in mice, the presence of P-fimbriae was necessary for 
colonization of the upper urinary tract but did not 
produce tissue invasion unless combined with other 
virulence factors.*? Similarly, in a clinical study that 
employed dimercaptosuccinic acid (DMSA) renal 
scans to document acute parenchymal inflammation 
in children with febrile UTI, no difference in the 
prevalence of P-fimbriated E. coli was found in chil- 
dren with an abnormal scan compared with those 
who had a normal scan.*? Likewise, renal scarring has 
been reported to be more common following 
pyelonephritis caused by non-E. coli organisms when 
compared to those caused by P-fimbriated E. coli 47:54 


Other virulence factors 


1 Endotoxin. A lipopolysaccharide present in the 
bacterium’s cell wall, endotoxin, is responsible for 
initiating the acute inflammatory response 
common to Gram-negative infections. 

2 K antigen. Capsular polysaccharides afford K anti- 
gen specificity to E. col. K antigen has been shown 
to shield bacteria from complement lysis and 
phagocytosis and to enhance persistence of bacte- 
ria in the kidneys of experimental mice.55-5° It is 
more commonly isolated from children with clini- 
cal pyelonephritis than in those from children with 
cystitis or healthy controls.>7~©° 

3 Hemolysins. Cytotoxic proteins, such as 
hemolysins, are another recognized virulence prop- 
erty capable of damaging renal tubular cells, in 
vitro. Hemolytic strains of E. coli produce more 
severe experimental pyelonephritis in mice.°! 

4 Colicin: Another protein elaborated by pyelo- 
nephritogenic E. coli, colicin kills other bacteria in 
the vicinity of the E. coli producing it. The colicin V 
plasmid is also thought to encode for an iron uptake 
system that further promotes the survival and path- 
ogenicity of colicin-producing organisms.° 

5 Iron-binding capacity: Most bacteria require iron 
for optimal growth and metabolism and have 
developed mechanisms to acquire iron when there 
is limited supply. Mediated by such proteins as aer- 
obactin, iron-binding capacity has also been shown 
to be associated with increased virulence in epi- 
demiologic studies.63-64 

6 Serum resistance: In the presence of fresh human 
serum, many strains of E. coli are killed following 
activation of complement. Serum resistance to 
such killing action is another property that has 


Figure 7.4 Voiding cystourethrogram demonstrating 
the absence of vesicoureteral reflux and obstructive 


pathology (posterior urethral valves, ureterocele) in an 
uncircumcised infant boy with acute pyelonephritis 
confirmed by 98™Tc DMSA renal scan. 


been related to virulence of Gram-negative bacteria 
both in UTIs and Gram-negative bacteria. 


Although these virulence factors have been considered 
separately, their effect appears to be additive. In contrast 
to those with cystitis or asymptomatic bacteriuria, the 
majority of bacterial isolates in patients with non-reflux 
acute pyelonephritis express three or four virulence prop- 
erties.4? Interestingly, the frequency of P-fimbriae and 
other virulence factors is significantly lower in patients 
who have VUR (Figures 7.4 and 7.5). This would 
appear logical since, in the presence of reflux, virulence 
properties such as adherence are not necessary for bacte- 
ria to reach the upper urinary tract. It has been suggested 
that efforts aimed at interfering with ‘virulent’ bacteria, 
such as by vaccination, may be of less value in patients 
with recurrent pyelonephritis and reflux, the group in 
whom renal scars are more likely to develop. However, 
others have not demonstrated a significant difference in 
virulence traits among pyelonephritogenic strains in 
patients with and without reflux.°” 


Role of bacterial virulence in renal scarring 


Regardless of their role in the etiology of urinary tract 
infection, some studies suggest that there may be a 
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Figure 7.5 (a) Isocystogram demonstrating the 
absence of vesicoureteral reflux in a child with (b) 
99mT¢ DMSA renal scan documented acute 
pyelonephritis (upper and lower poles are affected). 


paradoxical relationship between bacterial virulence, 
defined by P-fimbriated binding, and renal scarring. 
In one study of patients with recurrent pyelonephri- 
tis, virulent clones expressing P-fimbriae occurred sig- 
nificantly less often in those who developed scarring 
(22%) than in those who did not develop renal scars 
(62%).4? Although the frequency of scarring among 
girls with VUR was 57% in contrast to 8% of those 
without reflux, this alone did not explain the selection 
of bacteria of low virulence in those patients with scar 
development. Lomberg et alt? concluded that 
reduced host resistance was essential for the tendency 
to renal scarring after acute pyelonephritis (APN). 

In rodent models of APN, type 1 fimbrae have been 
implicated in the pathogenesis of renal scarring by 
virtue of stimulating neutrophil chemotaxis, the 
oxidative burst necessary to generate reactive oxygen 
species, and the release of lysosomal proteins from 
neutrophils.°*-”" Other evidence suggests that more 
virulent bacteria, as measured by the presence of 
adhesins, may elicit a more rigorous inflammatory 
response than less virulent clones and are thus cleared 
more rapidly. An alternative explanation would be 


that children infected with more virulent bacteria pre- 
sent earlier with symptoms such as fever, resulting in 
more prompt diagnosis and treatment. Observations 
in patients with bladder dysfunction and asympto- 
matic bacteriuria have demonstrated a low prevalence 
of P-fimbriated E. coli (less than 20%), suggesting 
that the presence of specific attachment structures 
may not be necessary for bacterial persistence in the 
urinary tract.5%71,72 Moreover, coincident with an 
inflammatory response, P- and type-1 fimbriated E. 
coli were demonstrated to be more rapidly cleared 
than non-fimbriated strains from individuals with 


bladder abnormalities.”4 


Host defense factors 


Interacting with bacterial virulence properties are an 
equally important and complex number of mechani- 
cal, hydrodynamic, anti-adherence, receptor-depen- 
dent, and immunologic host factors that affect an 
individual’s susceptibility to UTI. By necessity, these 
factors are closely interrelated to the pathogenesis of 
UTIs, beginning with the route of entry of bacteria 
into the urinary tract. 


Perineum 


Hematogenous seeding of the urinary tract is an 
uncommon source of urinary infection in children. 
When this is the cause of a renal infection, a cortical 
abscess rather than classic pyelonephritis is more 
likely to occur. Considerable clinical and experimental 
evidence has clearly established an ascending or retro- 
grade urethral route of entry of bacteria in the major- 
ity of UTIs. The same bacterial strains causing urinary 
infections can be found on perineal cultures prior to 
bladder invasion. This is in contrast to negative per- 
ineal cultures in healthy controls.” The usual 
organisms originate from fecal flora that colonizes the 
perineum.”8 

An infant’s initial exposure to uropathogenic bacte- 
ria occurs at the time of birth, subjecting infants born 
to bacilluric mothers to a fourfold greater risk of uri- 
nary tract infections.”%8° It has been postulated that 
other host defense factors mature during the first year 
of life, resulting in a decrease of both periurethral col- 
onization and frequency of UTI. Overall, the quanti- 
ties and species of colonizing bacteria in the 
periurethral area diminish during the first year of life 
until few remain at age 5 years. Meanwhile, normal 
periurethral flora may even be protective against uri- 
nary infection by competitive interference with 
attachment of uropathogenic bacteria.8!82 This 
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potential protective effect can be altered by the 
administration of antimicrobial agents, given for any 
reason. In a study of children with first-time acute 
pyelonephritis, significantly more children had been 
recently treated with antibiotics, usually for non- 
UTIs, compared with controls.°? In general, the gen- 
italia of infant boys are more heavily colonized than 
are those of infant girls, and, when colonized, boys 
carry E. coli more frequently than do girls. These data 
concur with Winburg’s epidemiologic findings that 
UTI occurs less frequently with advancing age and 
more frequently in boys younger than 6 months than 
in their female counterparts. 

Ultimately, an infant's own intestinal tract may 
become colonized by bacteria with uropathogenic 
potential. Wold et alt reported on 13 girls with asymp- 
tomatic bacteriuria who underwent characterization of 
fecal flora. Resident strains isolated from affected girls 
more commonly expressed P-fimbria, were adherent to 
colonic epithelium in a mannose-resistant fashion, and 
were one of several uropathogenic serotypes present 
when compared with transient strains of E. coli. Plos et 
al®> confirmed these findings in a prospective review of 
fecal isolates from children with UTIs. Affected children 
demonstrated intestinal colonization with P-fimbriated 
E. coi more frequently than healthy controls both 
during infection (86% versus 29%) and during infec- 
tion-free intervals (40% versus 29%). 

Since Bollgren and Winburg’s original work in 
1976 in school-age girls with a history of recurrent 
UTIs,°*¢ three additional studies have reported on the 
natural history of periurethral colonization. Despite 
the widely accepted concept of an ascending route of 
infection, the mere presence of uropathogenic bacte- 
ria on the perineum did not portend symptomatic 
UTI. Schlager et alë? studied the association between 
periurethral colonization and recurrent UTI in a 
cohort of seven toilet-trained girls (3—6 years of age). 
Each girl underwent weekly periurethral and urinary 
cultures during a 6-month period immediately fol- 
lowing her first UTI. Almost half (43%, 53/122) of 
the periurethral cultures were positive; however a 
positive perineal culture was obtained equally as often 
in the absence of urinary infection as it was prior to a 
symptomatic recurrence. Moreover, in only one of the 
four recurrences was the causative organism isolated 
from a perineal culture. Similarly, although heavy 
periurethral colonization has been reported in 
75-80% of healthy infants and toddlers of both 
sexes,®° only 1-3% become infected.!! In a study sim- 
ilar to Schlager’s, Brumfitt et al37 found that perineal 
colonization by the responsible organism did not pre- 


cede the symptomatic recurrent UTI in up to 34% of 
the adult women studied. These data may reflect the 
transient nature of bacterial species colonizing the 
perineum. Alternatively, these findings may reflect the 
short time course between initiation of perineal colo- 
nization and symptomatic UTI by uropathogenic 
bacteria in certain individuals. 

Although it is not unreasonable to suspect that an 
abrupt change in the expression of certain key viru- 
lence factors might precipitate ascent from the per- 
ineum to the bladder, some data exist to refute this 
hypothesis. Schlager et al! characterized the expres- 
sion of six virulence factors among E. coli colonizing 
the bladder in the absence of symptoms and those 
causing symptomatic UTT in seven girls. Although P- 
fimbriae were commonly identified in infecting 
species of E. coli, none of the six virulence factors, 
including P-fimbriae, accurately predicted which col- 
onizing species would ultimately cause symptomatic 
infection. Thus, although sufficient evidence exists to 
support bacterial ascent into the bladder from the per- 
ineum as the mode of entry, the facilitating events in 
that mechanism remain poorly understood. 


Prepuce 


A hematogenous route of infection, rather than ascent 
into the urinary tract from the perineum, has been 
suggested in the newborn. This proposal was based 
on the more frequent finding of bacteremia associated 
with UTI in this age group. However, others have 
not substantiated a higher incidence of bacteremia in 
neonates compared with other infants and children 
with febrile UTIs.*:!8 Furthermore, the increased risk 
for UTI (including pyelonephritis) in uncircumcised 
boys compared with both girls and circumcised boys 
provides additional convincing support for an ascend- 
ing route of infection even during the first several 
months of life. In fact, over 90% of boys with febrile 
UTIs during the first year of life are uncircum- 
cised.°88 In 1985, Wiswell et al!° initially found a 20- 
fold higher rate of UTI among infant boys who were 
not circumcised than among those who were (4.12% 
vs 0.21%). Subsequently, two larger cohort studies 
by the same investigator, encompassing 637 097 
infants, found the rate of UTI among uncircumcised 
boys to be less than that originally described, but still 
significantly greater (10-fold) than the incidence of 
UTI among those circumcised®*:*? (Table 7.4). Rush- 
ton and Majd’? prospectively found that 92% of boys 
under 6 months of age hospitalized with febrile UTIs 
were uncircumcised compared with 49% of a control 
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Table 7.4 Incidence of urinary tract infection (UTI) in 
female and circumcised and uncircumcised male 
infants (0-1 year old) born in US army hospitals 
(1974-83) 


Total No. No. with Rate per 
UTI 1000 
All males 217116 661 3.0 
Circumcised 175317 193 ea 
Uncircumcised 41799 468 m2 
Females 205212 1164 5.7 


Modified from Wiswell and Roscelli.?! 


group of infant boys hospitalized with febrile respira- 
tory infections. 

Evidence exists to implicate the prepuce as a reser- 
voir for uropathogenic bacteria. Wijesina et al 
prospectively cultured the periurethral flora before 
and after circumcision in 25 boys. Prior to circumci- 
sion 52% (13/25) of the boys were colonized by 
potentially uropathogenic organisms as opposed to 
none of the boys after circumcision. Other studies 
have demonstrated that uropathogenic P-fimbriated 
E. coli adhere well to the mucosal surface of the pre- 
puce, whereas non-pathogenic E. coli do not.30-88-90 

One must wonder what differs in neonatal boys 
recognizing that the incidence of pyelonephritis 
declines throughout childhood despite the persistence 
of foreskin and periurethral colonization. In a retro- 
spective study, Kim suggested that the increased risk 
of UTI in neonates might be related to the inability to 
retract the foreskin.?? However, many boys cannot 
retract their prepuces until adolescence. Despite this 
conflicting evidence, the periurethral area of the 
uncircumcised infant is a closed space, harboring bac- 
teria with the potential to cause serious urinary infec- 
tion in some boys.3%?3 Consequently, circumcision 
may help to prevent UTI in male infants by removal 
of the mucosal surface necessary for bacterial adher- 
ence to occur. However, since even in uncircumcised 
boys the incidence of UTI is low, the debate regard- 
ing routine circumcision as a preventive health mea- 
sure will likely continue. Justification for circumcision 
in boys who have other risk factors for UTI such as 
antenatally detected hydronephrosis associated with 
posterior urethral valves, megaureters, or high-grade 
VUR, is more easily argued. 


Urethra 


The short urethra in girls appears to be the most obvi- 
ous explanation for the increased relative incidence of 


UTIs in girls as compared with boys after the first 
6-12 months of life. Narrowed urethral caliber, his- 
torically blamed as the pre-eminent factor influencing 
susceptibility to lower UTIs in girls, does not play a 
role. It has long been established that the intrinsic 
urethral luminal size is not significantly narrower in 
those girls who are bacteriuric compared with those 
who never have been infected.?+?° In fact, both of 
these studies demonstrated that the urethral diameter 
was slightly larger in infected groups than in those 
never infected. Consequently, there is no role for ure- 
thral dilation or other cystoscopic procedures in the 
routine management of childhood UTIs. 

Other commonly held misconceptions related to the 
etiology of UTIs are that improper wiping techniques 
and bubble baths predispose to urinary infections. 
There is no evidence to support these myths. The 
strongest evidence against improper wiping tech- 
niques being a cause of UTIs is that over 95% of non- 
toilet-trained infants never develop urinary infection 
despite daily exposure to soiled diapers. Although 
bubble baths may occasionally cause dysuria from local 
meatal or vaginal irritation, there is no association 
with bacterial cystitis. More important for urethral 
ascent into the bladder is the ability of uropathogenic 
bacteria to attach to uroepithelial cells. Similar to the 
findings with periurethral cells,°° increased adherence 
of bacteria to uroepithelial cells has been demonstrated 
in children prone to urinary infections.?” This implies 
a difference in host receptor density or affinity that 
influences an individual’s susceptibility to infection. 


Dysfunctional elimination 


One of the most important host risk factors for recur- 
rent UTIs is voiding dysfunction. Common voiding 
disorders in children prone to UTI range from the 
small-capacity, unstable bladder characterized by fre- 
quency, urgency, posturing, and wetting to the infre- 
quent voider (‘lazy bladder syndrome’) characterized 
by very infrequent voiding, a large-capacity bladder, 
paradoxical incontinence (wet despite a large bladder 
capacity), and constipation. The prevalence of some 
of these is listed in Table 7.5.98 Numerous reports 
have linked dysfunctional voiding and recurrent UTIs 
in children.9?! Attention has also been focused on 
the association between dysfunctional voiding and the 
presence of VUR in infants and children with recur- 
rent UTIs, 103-106,107 Chen and coworkers performed a 
multivariate logistic analysis to identify the associa- 
tion between VUR, UTI, and dysfunctional elimina- 
tion in 2759 girls and boys. Dysfunctional 
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Table 7.5 Prevalence of symptoms characteristic of 
dysfunctional elimination in 7-8 year-old 
schoolchildren: results of Danish Epidemiological 
Questionnaire Survey 


Girls (%) Boys (%) 
Urge symptoms 20 21 
Day wetting 13 9 
Night wetting 13 22 
Nocturia 7 6 
Encopresis 5 8 
Emptying difficulties 8 7 


From Hansen et al.?8 


elimination was present in 36% of the girls and 20% 
of the boys with VUR. UTI was not associated with 
dysfunctional elimination in children without VUR; 
however, those with VUR and UTI had a twofold 
greater risk of dysfunctional elimination.!°” The pre- 
disposition to recurrent UTIs and VUR in children 
with dysfunctional voiding is related to the presence 
of residual volume resulting from inadequate empty- 
ing of the bladder, increased intravesical pressure cre- 
ated by uninhibited bladder contractions, and bladder 
overdistention from infrequent voiding habits. 128 The 
elimination of bacteria from the bladder by frequent 
and complete emptying plays a significant role in pre- 
venting infection.! In a group of girls followed with 
asymptomatic bacteriuria (ABU), the incidence of 
recurrent bacteriuria correlated directly to bladder 
emptying. The average postvoid residual urine 
volume in those with ABU was 23.7 ml, whereas in 
normal controls it was 1.1 ml. On follow-up, recur- 
rent bacteriuria was present in 75% of those with 
more than 5 ml of postvoid residual urine as com- 
pared with only 17% of those with less than 5 ml of 
residual urine.” The establishment of normal voiding 
habits in these children has been shown to reduce the 
incidence of recurrent UTIs.!!0-H2 

Paramount to identifying the dysfunctional voider 
is a thorough voiding history. Squatting, delayed or 
infrequent micturition, urgency, constipation and/or 
encopresis are significant symptoms which frequently 
can be elicited in 50-90% of children with urinary 
tract infection, 10?-104,113-118 Hellstrom et al!® reported 
an abnormal voiding history in up to 49% of girls 
presenting between 3 and 5 years of age with their 
first urinary tract infection. Specifically, the presence 
of daytime urinary symptoms strongly correlated with 
the risk for subsequent infection. In a related study of 
the same children, Hansson!” found that a majority 


of girls with ‘covert’ bacteriuria had urodynamic evi- 
dence of dysfunctional bladders when compared with 
controls. Wan et al!!? evaluated the relationship 
between toileting habits and anatomic abnormalities 
that predispose to infection in 101 children with UTI 
(77 girls and 24 boys). Ninety percent of the children 
without structural abnormalities demonstrated dys- 
functional elimination as a contributing factor to their 
urinary infections, compared with 40% of those 
patients found to have a structural abnormality such 
as VUR. 

Similarly, there is a definite correlation between 
constipation and urinary incontinence, VUR, and 
recurrent UTIs in children.!°-!?! Constipation classi- 
cally is characterized by infrequent bowel movements 
that are large caliber and firm. This may be associated 
with perineal and/or abdominal pain from colonic 
distention. Paradoxically, children with constipation 
may be referred for encopresis (fecal soiling), a mani- 
festation of the elimination of loose stool around feces 
impacted within the rectal vault. Unfortunately, phys- 
ical examination of the constipated child is unreliable 
and often a soft abdomen or empty rectal vault is 
encountered even when significant constipation is 
present radiographically. Likewise, the diagnosis of 
constipation can be difficult in children under 5 years 
who are unable to provide an accurate history. 

A growing body of evidence suggests that consti- 
pation is an important facet of disordered elimination 
that, if appropriately managed, can help reduce the 
number of recurrent UTIs and promote resolution of 
VUR. Although this theoretically may be the result of 
mechanical factors related to compression of the blad- 
der and bladder neck by a hard mass of stool, it is 
more likely due to the frequent coexistence of consti- 
pation with dysfunctional voiding and incomplete 
bladder emptying. In an epidemiologic questionnaire 
surveying 1597 Danish children 7-8 years old (863 
girls, 728 boys, 6 gender unknown) the overall preva- 
lence of encopresis was 13.9% (5.6% girls, 8.3% 
boys)? (Table 7.6). Among the girl respondents, 75 
had a history of UTI and 13% of these suffered from 
encopresis vs only 6% of the girls without UTIs. 
Moreover, in a prospective study of 234 chronically 
constipated children, approximately one-third of the 
children demonstrated associated daytime inconti- 
nence (24%) and nighttime incontinence (34%), 
which reflects the degree to which bowel and bladder 
elimination disorders are interrelated.!!! The resolu- 
tion of constipation resulted in disappearance of day- 
and nighttime incontinence in a majority of children 
(89% and 63%, respectively). Most significant was 
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Table 7.6 Difference in micturition symptoms in girls with and without prior urinary tract infection (UTI) 


Prior UTI 

(n = 75) 
Symptoms (%) 
Day wetting 29.3 
Bed wetting 25:3 
Prolonged voiding 33.3 
Incomplete emptying 32.0 
Poor stream 29.3 
Manual compression of abdomen 1783 
Staccato voiding 30.6 
Straining ITAS) 
Does not reach the toilet 40.0 
Encopresis ses) 


Modified from Hansen et al.98 


Table 7.7 Prevalence of elimination symptoms 
among 143 children with primary vesicoureteral reflux 
(VUR) 


Symptom Prevalence (%) 
Constipation 23 
Bladder instability 19 
Infrequent voiding 16 


From Koff et al.122 


the impact on the frequency of UTIs (approximately 
10% of total), that completely disappeared in children 
without structural abnormalities. 

Chronic constipation also plays a role in the etiol- 
ogy of recurrent UTIs in children with primary VUR. 
Recently, Koff et al!?? have demonstrated that up to 
50% of the children with VUR who might otherwise 
be considered ‘normal have significant disorders of 
elimination (Table 7.7). Of the dysfunctional elimi- 
nation symptoms, chronic constipation was the most 
prevalent in the presence of recurrent UTIs. 122 Many 
children without a history of UTI had detrusor insta- 
bility in the absence of infection. Of those studied 
who had VUR, dysfunctional elimination signifi- 
cantly increased the risk of breakthrough UTIs, 
resulting in more frequent reimplantation surgery in 
these children. Additionally, it took 1.5 years longer 
for primary VUR to resolve in children with dysfunc- 
tional elimination (constipation included) compared 
with those without any elimination symptoms, 
despite a lower mean grade of reflux in those with 
dysfunctional elimination. 


No history of UTI 


(a = 728}) 
(%) p-Value 
12.9 <0.0002 
12.4 <0.002 
17.8 <0.002 
17.3 <0.002 
15.8 <0.003 
IAS) <0.003 
17.4 <0.006 
3.6 <0.02 
27.9 <0.03 
6.0 <0.03 


Immunologic factors 
Heredity 


Evidence that heredity plays a role in determining 
individual susceptibility to UTI is accumulating. The 
daughters of mothers who had been bacteriuric in 
childhood show a higher incidence of UTI, and 
female siblings tend also to show a higher incidence 
of  bacteriuria.2°!23 Children 
pyelonephritis significantly more often have relatives 
with a history of UTI than do controls.8* Racially 
dependent differences in the prevalence of UTIs and 
in the rate of bacteriuria have also been reported. 
Kunin!2 reported a 1.2% bacteriuria prevalence rate 
in white girls vs a rate of 0.5% in black girls in the 
same age group. In a retrospective review, the 
number of black girls evaluated following UTI who 
were found to have VUR was one-third that of white 
girls at an institution where equal numbers of black 
and white girls were hospitalized. 14 This observation 
was subsequently confirmed by a prospective study of 
patients admitted to this same institution with febrile 
UTIs.” Experimental urinary tract infection in mice is 
also significantly influenced by heredity, as evidenced 
by a slower response to treatment in certain strains of 
inbred mice as compared to others in which the UTI 
resolves more rapidly. 125 These same studies have also 
demonstrated that the acute inflammation and 
acquired immune response (antibody production) 
that follows urinary infection differs among geneti- 
cally different strains of mice. As stated, ‘[this] result 
strongly suggests that the presence or absence of spe- 
cific host genes will determine how effectively an E. 
coli UTI will be resolved.’ 


with first-time 
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erythrocytes in the secretor and non-secretor phenotype 


Table 7.8 Distribution of antigens in secretions and on epithelial cells and 


Non-secretor 


Secretor 
Secretions (saliva, mucus) ABH antigens 
Epithelial cell Le>+, Leyt 
Erythrocytes Le®, Lebt 

Le*, Leb 


No ABH antigens 
Leat, Lex+ 
Leat Leo 
Le*, Leb 


Subsequent work has determined that innate immu- 
nity is the critical effector of inflammation and repara- 
tive processes that influence the resolution of UTI. 
Most of the research in this field has focused on genetic 
determinants within this cascade that influence the risk 
of acquired renal cortical scarring. Specifically, poly- 
morphisms within the angiotensin-converting enzyme 
gene (ACE I/D) and tumor necrosis factor-alpha 
(TNF-a G308A) gene have been strongly associated 
with acquired renal scarring, whereas genetic abnor- 
malities of cytokines and transforming growth factor- 
beta (TGF-B) have been less strongly correlated. 126-130 


Antiadherence 


Epidemiologic and in-vitro data support the hypothe- 
sis that some blood group antigens behave as bacterial 
receptors in addition to their long-recognized role in 
determining red cell phenotypes. Of the many carbo- 
hydrate antigens, the role of ABH, Lewis antigens 
(Le, Le’, Le¥, and Le"), P, Kell, Duffy, MNS, and 
Kadd systems in host susceptibility to urinary infection 
is becoming better understood. Blood group antigens 
can be found on the surfaces of many epithelial cells in 
the body, including vaginal and uroepithelial cells, and 
as secreted antigens in mucus in addition to on ery- 
throcytes.!31 Presumably, bacterial colonization of 
epithelial surfaces is facilitated by cell-surface-bound 
antigens, whereas secreted antigens mitigate against 
colonization by virtue of competitive inhibition. 

Individuals belong to one of two distinct pheno- 
types based on the expression of ABH and Lewis anti- 
gens on cell surfaces and in secretions (Table 7.8). 
The secretor phenotype is characterized by ABH anti- 
gens in saliva, Le’ and Le” antigens on epithelial cell 
surfaces, and Le(a’ b+) erythrocytes. Non-secretors 
have mucus devoid of ABH antigens, express Le* and 
Le* antigens on epithelial cells, and have Le(a* b>) 
erythrocytes. Those with Le(a~ b`) erythrocytes can 
be secretors or non-secretors, depending on the pres- 
ence of ABH antigens in secretions. 


Since bacterial attachment to glycoprotein (type 1 
fimbriae) or glycolipid (P-fimbriae) receptors are crit- 
ical steps in colonization and tissue invasion, respec- 
tively, an individual’s risk for UTI may be influenced 
by the composition of surface receptors available for 
bacterial attachment. Observations by Schaeffer and 
coworkers in healthy women found that the profile of 
antigen expression on vaginal cells and in vaginal 
mucus correlated with the ABO phenotype and secre- 
tor status. 13? They also noted that individuals within 
the same blood group phenotype expressed different 
amounts of ABH and Lewis antigens. Moreover, lon- 
gitudinal analysis demonstrated that the level of 
expression of these antigens fluctuated over time.!*? 
However, utilizing quantitative immunohistochemi- 
cal techniques, Schaeffer’s group did not identify an 
association between a particular phenotype and a pos- 
itive history of UTI when controlling for secretor 
status.134 Thus, despite the appealing hypothesis that 
some individuals may be more susceptible to bacterial 
colonization by virtue of genetically determined cell- 
surface antigens, these data do not support this 
notion in adult women. 

In children, similar associations between blood 
group phenotypes and the risk of UTI have been 
sought. Sheinfeld et al!35 studied the expression pat- 
tern of blood group antigens in 72 tissue specimens 
from children who underwent urologic surgery for 
anatomic abnormalities of the urinary tract. Sixty-six 
percent (48/72) had a history of UTI and the remain- 
der served as controls. Although an increased suscep- 
tibility to UTI was noted among non-secretors as 
compared with secretors, the high risk of UTI was 
most likely a consequence of the prevalence of struc- 
tural abnormalities in this study population.!%° Jan- 
tausch et al!36 performed a more extensive analysis of 
blood group antigens in seven different systems and 
found that only the Le(a-b-) phenotype correlated 
with a positive history of febrile UTIs in children, 
yielding a threefold relative risk. Recently, Albarus et 
al!37 sought to confirm the association between blood 
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group phenotypes and the susceptibility to childhood 
febrile UTIs. In a well-matched case-control study of 
children with a febrile UTI during the first year of life, 
no such association existed. If blood group pheno- 
types and secretor status do not influence the risk of 
UTI, as some data might suggest, then perhaps the 
susceptibility to UTI is mediated by urinary or epithe- 
lial factors that are as yet unidentified. 


Urinary inhibitors 


Although urine commonly provides the appropriate 
environmental conditions for successful bacterial 
growth, several constituents within urine have been 
identified that inhibit bacterial growth. Normally, the 
pH of urine fluctuates between 4.6 and 7.2 in accor- 
dance with physiologic needs. Since the optimal pH 
range for bacterial growth is between 6 and 7, 
increases in urine acidity can limit bacterial growth. 
Extremes of urine osmolarity can also inhibit bacter- 
ial growth by virtue of the limited nutrients available 
to support replication in dilute urine (hypo-osmolar- 
ity) or of the dehydration that ensues in concentrated 
urine (hyperosmolarity). Tamm-—Horsfall protein, a 
glycoprotein secreted by luminal cells of the ascend- 
ing loop of Henle, may also be protective. This gly- 
coprotein has been shown to contain abundant 
mannose residues and is identical to uromucoid. In- 
vitro studies have shown adherence of large numbers 
of E. coli with type 1 fimbria to uroepithelial cells 
coated with uromucoid in contrast to poor adherence 
to uroepithelial cells devoid of uromucoid.!#8 It has 
been postulated that free Tamm—Horsfall protein in 
the urine may trap E. coli possessing type 1 fimbriae, 
thereby inhibiting attachment to uroepithelium. In 
fact, two studies have demonstrated such binding 
between type 1 and S-fimbriae and Tamm-—Horsfall 
protein. 139-140 Tamm-Horsfall protein has also been 
demonstrated to bind to neutrophils, and it is 
believed that this interaction mediates recognition of 
bacterial invasion by neutrophils.!4! A study of UTIs 
in infants revealed a significantly lower mean concen- 
tration of Tamm-Horsfall protein in those with doc- 
umented E. coli infections compared with healthy 


controls. 142 


Receptors 


Bacterial adherence, particularly by P-fimbriae on cer- 
tain strains of E. coli, appears to be particularly signif- 
icant in the pathogenesis of upper urinary tract 
infections. As discussed earlier, a special class of gly- 
cosphingolipids, possessing Gal 1—4 Gal oligosaccha- 


ride, act as receptors for P-fimbriated E. coli. 404 


These receptors are antigens in the P blood group 
system. It is felt that host susceptibility to bacterial 
adherence is conferred by the P1 blood group pheno- 
type, since this group is over-represented in children 
with recurrent pyelonephritis in contrast to normal 
controls.143-144 However, this over-representation of 
the P1 blood group phenotype is seen only in patients 
with pyelonephritis who do not have associated 
VUR. Despite the tenuous association between 
non-secretor status and an increased susceptibility to 
UTI, apparently as a result of diminished secretion of 
antiadherence factors, a recent study has identified the 
presence of specific attachment structures for E. coli in 
non-secretors. Stapleton et al!4> have identified gly- 
cosphingolipids on vaginal and renal epithelial cells 
that bind each of the three major classes of E. coli 
adhesins. Of the glycosphingolipids studies, sialosyl 
galactosyl globoside was determined to be the pre- 
ferred binding receptor for uropathogenic E. coli. 
Bergsten et al!4° have shown that bacterial attachment 
through P-fimbriae is sufficient to activate the innate 
host response. Thus, an individual’s risk for UTI may 
be more strongly influenced by the presence of recep- 
tors for bacterial attachment, rather than the absence 
of blocking antigens. 


Immunity 


The immunologic response to UTI has been studied 
at both the kidney and bladder level. Understanding 
the immune response to infection is particularly 
important because immunization is currently being 
explored as a possible means of preventing recurrent 
UTIs. The antibody response to infection has also 
been used diagnostically to localize the level of uri- 


nary infection to the upper or lower urinary 
tract 147.148 


Antibody response 


The focus of most of the clinical and experimental 
immunologic studies of UTI has been the immune 
response to pyelonephritis. During acute 
pyelonephritis a systemic antibody response occurs 
with antibody production primarily against the O 
antigen of the infecting bacteria. A diminshed 
response is seen toward the K antigen. 61149 Counter- 
acting bacterial adherence to host epithelial cells are 
protective antibodies that may be passively acquired 
(from mother to fetus) or actively acquired through 
previous exposure to infection. Conversely, in the 
absence of protective antibodies some individuals are 
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at greater risk for UTI.!5° Antibodies of the 
immunoglobulin M (IgM), IgG, IgA, and secretory 
IgA (sIgA) type have all been demonstrated in the 
serum and urine of children and experimental animals 
with acute pyelonephritis.!5!-52 High IgG, IgA, and 
secretory IgA antibody levels have also been found in 
the urine of girls with pyelonephritis.!5? The presence 
of antibodies within the renal parenchyma enhances 
bacterial opsonization, the process by which bacteria 
are coated by proteins, which leads to further phago- 
cytosis. 

Antibody response to pili has also been found fol- 
lowing pyelonephritis. 154 Secretory IgA directed 
against pili has been recovered from the urine of 
patients with acute pyelonephritis and has been 
shown to prevent in-vitro adherence of E. coli to 
human uroepithelial cells.!54 

Mannose-specific interactions between E. coli and 
the carbohydrate moiety of secretory IgA have been 
reported.!°5 Secretory IgA, when bound to the 
uroepithelium, may thus offer a receptor site for bac- 
teria. When excreted, it may result in competitive 
inhibition of binding. 

With regard to the immune response of the bladder 
to urinary infection, a systemic circulating antibody 
response to cystitis is not seen.!52,156 However, an 
elevation of secretory IgA antibody in the urine has 
been observed in children with UTI, suggesting local 
antibody production. 152-157 A more recent study 
reported a decreased excretion rate of secretory IgA in 
uninfected children with a history of symptomatic 
infections compared with healthy controls. However, 
when these girls were subsequently studied at the 
time of symptomatic UTI, secretory IgA excretion 
rates were significantly higher than in controls. 158 
Other evidence supporting a role for secretory IgA as 
a host defense factor comes from animal studies. 
Attempts at local immunization of the urinary tract 
have shown that intravesical immunization is effective 
against experimentally induced ascending UTI in 
rats.!59 The presence of secretory IgA in the urine fol- 
lowing local bladder or vaginal immunization has 
been shown to decrease adherence to uroepithelial 
cells in this experimental model. 160,161 

The urine of newborns has nearly undetectable 
levels of sIgA that increase during the first year of life, 
particularly in breastfed as compared with non-breast- 
fed infants. Case-control studies have identified a 
diminished incidence of UTI in breastfed infants, pre- 
sumably related to soluble substances that are 
absorbed enterically and excreted into the urine. 
Using high-performance liquid chromatography to 


purify oligosaccharides in breast milk, Coppa et al!©? 


identified small molecular weight, neutral oligosac- 
charides that significantly decreased adhesion between 
human uroepithelial cells and E. coli isolated from an 
infant with UTI. Additionally, breast milk contains T 
and B lymphocytes, cytokines, growth factors and, 
most importantly, antibodies that may act synergisti- 
cally to decrease the breastfed infant’s risk of UTI. 
No differences have been noted in the levels of uri- 
nary sIgA among boys and girls, and thus impaired 
immunity does not explain the higher incidence of 
UTI in infant boys as compared to girls. Instead, the 
predominance of UTI in infant boys likely reflects 
local periurethral factors (especially among uncircum- 


cised boys).4% 


Cell-mediated immunity 


The protective role, if any, of cell-mediated immunity 
in UTI is controversial.!©* T and B lymphocytic 
response is seen in the kidney during experimental 
pyelonephritis.!°* However, others have shown a 
depressed cell-mediated response during the early 
phase of renal infection when bacterial replication is 
maximal. 165 Although such studies have documented 
cell-mediated host responsiveness to bacterial infec- 
tion, they have not defined the role of this process in 
the pathogenesis of UTI. There is no strong clinical 
evidence to support abnormality of cell-mediated 
immunity in patients prone to UTI. Experimental 
UTI in mice has demonstrated no increased suscepti- 
bility to E. coli in athymic animals (with dysfunctional 
cellular immune systems) and normal controls.!° 
Similarly, in patients with compromised immune sys- 
tems, an increased susceptibility to UTIs has not been 
reported. Studies to better define the role of cell- 
mediated immunity in UTI are obviously needed. 


Innate immunity 


Normally, uroepithelial cells have the capacity to pro- 
duce cytokines when exposed to bacteria in vivo and 
in cell culture systems. Whereas these molecules serve 
as chemoattractants for inflammatory cells, they also 
participate in the uroepithelial cells’ own response to 
invasion by pathogenic bacteria (see Table 7.3). The 
specific stimulus for uroepithelial cell cytokine pro- 
duction and release appears to be components of P- 
and type-l fimbriae, since urinary levels of inter- 
leukin-6 (IL-6) are significantly greater in the pres- 
ence of adhering bacteria and adhesin positive 
P-fimbriae.!©!-!©? Further in-vitro studies have deter- 
mined that in response to direct contact between bac- 
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terial fimbriae and receptors located on the uroepithe- 
lial cell membrane, the uroepithelial cell is able to sup- 
press bacterial growth.!”? These receptors have 
subsequently been identified as the ‘toll-like receptor’, 
an evolutionarily old system of pathogen recognition 
that is homologous to the interleukin-] receptor. 
Moreover, utilizing human uroepithelial cells in cul- 
ture, Mannhardt and coworkers!79 have demon- 
strated that, in individuals with a history of recurrent 
UTIs, a transmembrane defect impedes signal trans- 
duction within the urothelial cell, thus rendering the 
cell incapable of responding to bacterial attachment. 
Among the 10 identified toll-like receptors, TLR-2 
and -4 are the most relevant to the investigation of 
APN since these recognize antigens present on the 
surface of uropathogenic bacteria: peptidoglycans and 
lipoproteins (TLR-2) and hpopolysaccharide (TLR- 
4). TLR-2 and -4 participate with other membrane- 
bound proteins to stimulate transcription of cytokine 
genes, including TGF-B, which has been implicated in 
tissue fibrosis.!7! In mice, disruption of the down- 
stream effects of TLR-2 and -4 stimulation results in 
delayed bacterial clearance and renal cortical scar- 
ring.” These data lend support to the concept that 
the most important arm of cellular immunity in the 
urinary tract may not be T and B cells, as classically 
described, but instead the inherent ability of the 


uroepithelium to respond to bacterial invasion. 


Vaccines 


Much of the significance of clarifying the immune 
response to UTI relates to the possibility of develop- 
ing an effective vaccine to prevent urinary infections. 
Experimental evidence has accumulated to suggest 
that this may be possible in the near future. Protec- 
tion against experimental ascending pyelonephritis in 
rats has been demonstrated using isolated capsular 
antigen to stimulate antibody production directed at 
K antigen.!>? Similarly, immunization with E. coli P- 
fimbriae in both mice and primates confers protection 
against ascending pyelonephritis, presumably by 
interfering with adherence of the organism to the 
uroepithelium. 173-175 Immunization of rats with puri- 
fied type-1 fimbriae also affords substantial protection 
against experimental ascending pyelonephritis.!”° 
Thankavel et al have identified the specific subunit 
region within the FimH determinant of type-1 fim- 
briae that is responsible for attachment to uroepithe- 
lial cells. Antibodies directed specifically against this 
region of only 25 amino acids, and not other regions 
on FimH or FimA subunits of type 1 fimbriae, 


reduced experimental pyelonephritis in mice.!77 Some 
evidence suggests a potential role for immunization 
with hemolysins as well.°2 

Recent clinical investigations have demonstrated 
the efficacy of acquired immunity as prophylaxis 
against recurrent UTIs in women and children. Both 
vaginal and intramuscular immunization with inacti- 
vated uropathogenic bacteria has resulted in signifi- 
cantly increased levels of sIgA.178 In a small trial 
involving only 10 girls with recurrent UTIs and an 
equal number of healthy controls, intramuscular 
immunization also resulted in significantly fewer 
recurrences in the girls vaccinated. !79 Although these 
results are promising, the full value of such vaccines to 
prevent pyelonephritis will be critically assessed only 
by appropriately controlled, large clinical trials. 


Anatomical abnormalitites of the upper 
urinary tract 


Vesicoureteral reflux 


Numerous reports have documented that vesi- 
coureteral reflux is present in 25-50% (average 35%) 
of children with culture documented UTIs. 18° In con- 
trast, in a survey of the literature Bailey reported an 
incidence of VUR in children without UTI of only 
0.4-1.8%.!8! Similar findings were reported by Rans- 
ley, who compiled voiding cystograms in 535 chil- 
dren without a history of UTI and found VUR in 
only 7 children (1.3%).!8? Vesicoureteral reflux, 
when present, continues to be the most significant 
host risk factor in the etiology of childhood 
pyelonephritis. The risk for both acute pyelonephritis 
and subsequent renal scarring is directly related to the 
severity of VUR. In one prospective study of children 
with febrile UTIs, approximately 80% of patients 
with VUR demonstrated changes consistent with 
acute pyelonephritis on technetium-99m (??™Tc) 
DMSA renal scans, including 100% of patients with 
moderate to severe reflux (grades IN-V/V).53 In con- 
trast, only 60% of patients without demonstrable 
reflux had evidence of acute pyelonephritis on the 
DMSA scan. Kidneys associated with moderate or 
severe reflux were twice as likely to demonstrate 
abnormalities on DMSA scans (67%) when com- 
pared with kidneys with mild (32%) or no reflux 
(34%). In a compilation of 10 published clinical stud- 
ies of children with febrile UTIs, DMSA renal scan 
abnormalities have been reported in 50-80% of chil- 
dren.!83 When VUR was present, approximately 
80-90% of patients had abnormal studies, including 
almost all with moderate or severe VUR. 
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The presence of VUR appears to compensate for 
decreased virulence of E. coli in patients with recurrent 
pyelonephritis.42 When there is reflux of infected 
urine from the bladder into the upper urinary tract, 
bacteria do not require special virulence properties, 
such as cellular attaching ability, to ascend from the 
bladder to the kidney. In one study of girls with 
recurrent pyelonephritis, infections were caused by P- 
fimbriated E. coli in only 36% of those with VUR 
compared with 71% of those without VUR.*? 
Despite the important role that VUR plays when it is 
present, studies of children with febrile UTIs have 
reported that the majority of patients (60-68%) with 
abnormal DMSA renal scans demonstrating acute 
pyelonephritic changes do not have demonstrable 
VUR at the time of investigation. !8% 

In children with dysfunctional voiding, the pres- 
ence of residual urine and elevated voiding pressures 
during urinary tract infection is more likely to result 
in significant post-pyelonephritic renal scarring than 
anticipated for the grade of VUR present. Perhaps 
because of more frequent breakthrough infections 
while on antibacterial prophylaxis, these children have 
been found to be at greater risk for progressive renal 
scarring (up to 44%). 184 


Obstruction 


Urinary obstruction may occur at the ureteropelvic 
junction, the ureterovesical junction, or the posterior 
urethra in boys with valves. Patients with obstruction 
may present with severe infection. Ectopic ureters, 
with or without associated ureteroceles, also repre- 
sent obstructed pathology. However, such anomalies 
are present in only a minority of children with UTIs. 
In fact, recent prospective studies of children pre- 
senting with first-time febrile UTIs have reported 
significant obstructive uropathy in fewer than 1%.185 
Perhaps this lower incidence is due in part to the 
increased detection of hydronephrosis on prenatal 
ultrasonography prior to the development of clinical 
infection. The increased predisposition to infection 
presumably results from impairment of urinary flow 
with resultant stasis that compromises bladder and 
renal defense mechanisms. Both obstruction and 
high-grade reflux result in an increase in the residual 
volume of urine in the bladder or dilated urinary 
tract, permitting the multiplication of bacteria in the 
urine.!°? Obstruction also inhibits the mechanical 
washout or flushing effect associated with ureteral 
peristalsis and effective micturition and may alter 
other local defense factors as well. All of these factors 


result in increased susceptibility of the parenchyma 
to infection and damage. 


Diagnosis of urinary tract infection 


Urinary tract infection can be reliably diagnosed only by 
urine culture. Symptoms of dysuria, urgency, fre- 
quency, and enuresis are non-specific and may be the 
result of vulvitis, urethritis, dysfunctional voiding, or 
non-specific causes, such as dehydration associated with 
febrile illness. In 34 children with lower urinary symp- 
toms alone, urine culture demonstrated significant bac- 
teriuria in only 18%; 40% of those with sterile urine 
had upper respiratory tract infection. 186 Similarly, Heale 
et al!37 found that of 378 children with specific urinary 
complaints, only 14.3% had urinary infection. Thirty- 
three percent with flank pain, frequency, and/or dysuria 
and 31.5% with the recent onset of wetting had UTI, 
whereas only 4.2% with chronic nocturnal enuresis 
were infected. Of those without specific complaints, 
4.4% had UTI (there was little difference from those 
who were wet only at night). 


Urinalysis 


Although routine urinalysis can be helpful in calling 
attention to those who might be infected, the associa- 
tion of inflammatory cells in the urine by itself is at best 
only about 70% reliable.o 188,189 The finding of signifi- 
cant pyuria on routine urinalysis varies with the volume 
of urine centrifuged and examined, the force and dura- 
tion of centrifugation, the volume in which cells are 
resuspended, and observer error.!°° Urine microscopy 
for bacteria significantly improves the reliability of uri- 
nalysis for the detection of urinary infection, particu- 
larly when one combines this with examination of 
urinary sediment for pyuria.!?! Jenkins et al reviewed 
approximately 40 publications reporting urine 
microscopy for bacteria and found a wide variation in 
methodology and diagnostic criteria. They concluded 
that the least reliable method was examination of 
unstained, uncentrifuged urine. When stained, cen- 
trifuged urine was examined, the sensitivity using the 
criteria of one or more organisms per oil immersion 
field was greater than 95% when compared with urine 
culture growing (210° colony-forming units (CFUs) 
per ml. The specificity was at least 95% when more 
than 5 organisms per oil immersion field were viewed. 
Hoberman et al have compared quantitative urine cul- 
tures with an ‘enhanced’ urinalysis for the detection of 
pyuria and bacteriuria in urine specimens obtained by 
catheterization in children presenting with fever. The 


Urinary tract infections in children 121 


data obtained demonstrated that UTT is best defined by 
more than 10 leukocytes/mm# on urinalysis combined 
with urine cultures yielding more than 
50 000 CFU/ml.!* In contrast, dipstick determination 
for the presence of leukocyte esterase and nitrite yielded 
sensitivities of only 52.9% and 31.4%, respectively, in 
detecting clinically significant bacteriuria (greater than 
50 000 CFU/ml). In both this and another study of 
febrile infants, the findings of urinalysis were compared 
with the results of °°™Tc (DMSA) renal scans. Both 
studies concluded that acute pyelonephritis in febrile 
infants is almost always associated with the finding of 
pyuria on urinalysis, 192.193 

Partly as a result of the technique and operator- 
dependent variability with urine microscopy, a 
number of enzymatic methods for detection of bac- 
teriuria or pyuria have been developed. The two most 
popular are the leukocyte esterase and the nitrite 
reductase tests. These studies are inexpensive, rapid, 
and easy to perform. 


Leukocyte esterase test 


The leukocyte esterase dipstick test demonstrates the 
presence of pyuria by histochemical methods that 
specifically detect esterases in the neutrophils. When 
compared with chamber count methods, studies have 
reported sensitivity as high as 88-95% for the detec- 
tion of pyuria using a cutoff of 10 or more leuko- 
cytes/mm/?.3?:!94 However, in a study which evaluated 
110 children with fever and positive urine cultures, 
the leukocyte esterase test had sensitivities of only 
52.9% and 66.7% in detecting 210 and 220 leuko- 
cytes/mm/’, respectively.!8° Furthermore, one would 
not anticipate this test to be any more sensitive than 
the finding of pyuria alone for the identification of 


children with positive urine cultures. 


Nitrite test 


Bacteria convert urine nitrate to nitrite. The nitrite 
method employs reagent paper impregnated with sul- 
fanilic acid and o-naphthylamine that form a red azo 
dye when in contact with nitrite. Thus, a positive col- 
orimetric assay implies the presence of bacteria in the 
bladder. However, a relatively long incubation period 
(4 hours) is required for conversion of nitrate to 
nitrite. For this reason, first morning urine sample in 
a toilet-trained child is the best specimen to test. A 
single test on a randomly collected urine specimen 
was reported to have a sensitivity of only 29.2-44% 
on 790 urine specimens using dipsticks from two 
manufacturers. However, the specificity was 98% 


when the test was positive.!9419° This test is not a reli- 
able office screening method when used alone. 1°4 

Combining the leukocyte test and the nitrite test on 
a single dipstick has improved the accuracy to detect 
or exclude UTI. In a review of rapid methods to 
detect UTIs, Pezzlo reported a sensitivity of 78-92% 
and a specificity of 60-98% when using the combina- 
tion test.!°° However, the accuracy is affected by the 
probability of the patient being infected based on clin- 
ical findings.!°°!97 Accordingly, urine culture may be 
omitted when the dipstick test is negative only when 
there is limited suspicion for UTI based on clinical 
symptoms. Conversely, urine culture should be 
obtained in any patient suspected of having a UTI or 
in whom the dipstick test is positive. 

Others have evaluated the role of urinary N-acetyl- 
B-glucosaminidase (NAG) (a renal tubular enzyme 
thought to be a marker of tubular damage), B,- 
microglobulin (B,M) (a low molecular weight circu- 
lating protein with increased fractional excretion in 
children with tubulointerstitial disease) and IL-8 in 
the diagnosis of pyelonephritis in febrile children. 
Unfortunately, NAG and B,M have been found in 
both children with febrile UTIs and in children with 
sterile urine who had severe renal scarring associated 
with high-grade VUR. Elevated IL-8 urinary levels 
are also non-specific, as they have been seen in inflam- 
matory disorders other than acute pyelonephritis. 
Thus, these markers are currently unreliable for the 
diagnosis of acute pyelonephritis. 135-198-200 


Urine culture 


In the pre-toilet-trained group, the urine specimen is 
often obtained by applying a collection bag. The 
results of a bag urine specimen are reliable only when 
the specimen is negative. Contamination is directly 
related to the length of time the bag is in place. If a 
specimen has not been obtained within 30 minutes of 
application, reliability begins to decrease. Removing 
the appliance and plating or refrigerating the urine 
immediately after the child voids is paramount. 
Having the parent apply the bag before leaving for the 
physician’s office in an effort to shorten the wait is 
acceptable only when the cultured specimen is nega- 
tive. When confirmation of voided urine or immediate 
treatment is necessary, bladder catheterization or 
suprapubic aspiration (SPA) should be employed. A 
feeding tube (8-10 Fr) inserted only a few centimeters 
into the bladder is ideal for catheterization. In girls and 
boys who can void on command, midstream speci- 
mens are more reliable than bag-collected specimens. 
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SPA has achieved popularity in some centers. 
Young children are particularly favorable candidates 
for SPA because of the abdominal location of their 
urinary bladders. However, the procedure cannot be 
expected to be successful when the bladder is empty. 
This is the major drawback of SPA. If urine is not 
obtained initially, time should not be wasted in a sick 
child who requires antibiotic treatment. Urethral 
catheterization should be done. SPA is performed 
after first cleaning the suprapubic area with an anti- 
septic solution. A 21-25 gauge needle is inserted per- 
pendicular to the patient in the midline, one 
finger-breadth above the symphysis. Although a local 
anesthetic can first be infiltrated, this appears unnec- 
essary and may actually cause more pain than a quick 
in-and-out aspiration. It is practical to apply a U-bag 
to the perineum prior to cleansing the abdomen. 
Many times the child voids during preparation for 
aspiration, obviating the necessity for the procedure if 
the voided urine is immediately plated or refrigerated. 

It has often been stated that ‘any number of bacteria’ 
obtained by SPA are significant. Since the bladder is a 
reservoir and this method of collection depicts the 
number of bacteria in that reservoir, one should not 
anticipate colony counts significantly different from 
those properly collected by other means. Ginsburg and 
McCraken found 2100000 CFU/ml in 96% and 
40000-80000 in the remaining 4% of 100 febrile 
infants with bacteriuria demonstrated on SPA.© None 
showed fewer than 40 000 colonies. Nelson and Peters 
had previously reported similar results in a study of pre- 
mature and term infants.?°! Hoberman et al recently 
reported the results of positive urine cultures on speci- 
mens obtained by catheterization in 110 febrile infants 
<2 years old? Of 110 urine cultures with 
>10 000 CFU/ml, 92 (84%) had 2100 000 CFU/ml, 
10 (9%) had 50000-99000 CFU/ml, and only 
8 (7%) had 10000-49000 CFU/ml. Furthermore, 
urine specimens with 10 000-49 000 were much more 
likely to yield Gram-positive or mixed organisms than 
specimens with >50000 CFU/ml. These authors con- 
cluded that UTI is best defined by 210 leukocytes/mm*# 
and colony counts of 250000 on catheterized speci- 
mens. Thus, colony counts from the bladder 
<50 000 CFU/ml are suspect regardless of the manner 
in which the urine was collected. 


Clinical presentation and localization 


As one would anticipate, the classic signs and symp- 
toms for UTI are usually lacking in the very young. 


Table 7.9 Prominent symptoms in neonatal non- 
obstructive urinary tract infection: combined results 
of four studies (n = 255) 


Symptom Prevalence (%) 
Failure to thrive or weight loss 5f 
Fever 41 
Jaundice 12 
Cyanosis/pallor 30 
Vomiting 35 
Diarrhea 29 
Convulsions/CNS symptoms 20 


Instead, non-specific symptoms — such as irritability, 
poor feeding, failure to gain weight, vomiting, and 
diarrhea — may be the only signs suggestive of an 
underlying problem (Table 7.9). In one study of chil- 
dren with symptomatic urinary infections, only 9% of 
78 infants were initially referred with a suspected 
diagnosis of UTI.?°? Often absent in neonates, fever 
is present in most infants between 1 and 12 months 
old who present with symptomatic UTIs.51-1? In 
fact, urinary tract infections have recently been 
described as one of the most common serious bacter- 
ial illnesses among febrile infants and young children, 
with a reported prevalence ranging from 4.1% to 
7.5%.1°2 In one study of 945 infants who presented 
to a pediatric ER with fever, the overall prevalence of 
UTI was 5.3%.78 The prevalence was highest in Cau- 
casian girls, 17% of whom had a positive urine cul- 
ture. In contrast, the prevalence of UTI among 
African-American girls was only 3.5% and among 
boys it was 2.5%. Another prospective study reported 
UTI in 7.5% of 442 infants (less than 8 weeks of age) 
presenting to the emergency room with fever 
2100.6°F (38.1°C), only half of whom had abnormal 
urinalyses suggestive of UTI (>5 white blood cells 
per high-power field or any bacteria present).?%* 
Thus, a urine specimen for culture, preferably col- 
lected by catheterization, should be obtained rou- 
tinely whenever a non-verbal, non-toilet-trained child 
presents with unexplained fever. 

As the child becomes verbal and is toilet-trained, 
urinary tract symptomatology is more easily detected. 
Fever continues to be relatively common in toddlers 
with first-time symptomatic infection. However, 
fever is not as frequently associated with recurrent 
and/or long-standing infection. In older children 
urgency, frequency, enuresis, and dysuria are 
common presenting symptoms. Failure to become 
toilet-trained at the proper age may occasionally 
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Figure 7.6 Children with first-time diagnosis of urinary 
tract infection at the Children’s Hospital in Goteborg, 
Sweden, according to age and clinical diagnosis. 
(Reprinted from Jodal2°, with permission.) 


herald underlying chronic lower urinary infection. 
Although urinary tract symptoms such as vaginal 
pain, urinary frequency, dysuria, and enuresis are 
common following childhood sexual abuse, actual 
urinary infection is not.?% 

There are few population-based studies of sympto- 
matic UTIs in childhood. The classic epidemiologic 
study by Winberg et al!! was carried out between 1960 
and 1966 in Goteborg, Sweden. The special organiza- 
tional structure of that city’s pediatric medical care has 
afforded unique opportunities to perform ongoing epi- 
demiologic studies of UTIs in children. Jodal> reported 
a follow-up prospective epidemiologic study conducted 
in Goteborg from 1970 to 1979. There were 952 


females and 225 males (4.2:1) below age 10 years of 
age who were treated for a first-time symptomatic uri- 
nary infection (Figure 7.6).2°° Of the 225 boys, 59% 
presented during the first year of life. The number of 
boys diagnosed in the higher age groups was low, espe- 
cially over age 5. The number of first infections in girls 
was also highest in the first year of life (19%). A grad- 
ual decrease in number of girls with first-tume infec- 
tions was associated with increasing age. In both girls 
and boys, febrile infections, presumed to be 
pyelonephritis, predominated during the first year of 
life. Acute cystitis was most commonly seen between 2 
and 5 years of age in both sexes, with a marked peak 
frequency in girls during the third year of life. As 
expected, infections during infancy were the most diffi- 
cult to characterize as pyelonephritis or cystitis. 


Asymptomatic bacteriuria 


The natural history and uroradiographic findings in 
patients with asymptomatic or covert bacteriuria vary 
according to the age of the patient and prior episodes 
of symptomatic infections. Screening bacteriuria does 
not necessarily represent asymptomatic bacteriuria, as 
approximately one-third of school-aged girls with 
screening bacteriuria have a prior history of symp- 
toms related to the urinary tract and some have had 
previous symptomatic UTIs. It is unclear whether the 
prognosis is any different for children who have pri- 
mary asymptomatic bacteriuria compared with those 
in whom asymptomatic bacteriuria develops follow- 
ing treatment of a symptomatic infection. 

A study of asymptomatic and symptomatic bacteri- 
uria in infants under | year of age reveals interesting 
differences in the two populations. In 2 of 50 
patients with asymptomatic bacteriuria, clinical acute 
pyelonephritis developed within 2 weeks of detection. 
The others remained free of symptoms. 46 (92%) of 
the patients with asymptomatic bacteriuria were eval- 
uated with voiding cystourethrography (VCUG) and 
mild reflux (grades I to II) was found in only 5 
(11%). Of 45 left untreated, 36 spontaneously 
cleared the bacteriuria and 8 others became abacteri- 
uric following antibiotic treatment for other reasons. 
Although asymptomatic recurrences developed in 6 
(12%), no pyelonephritic recurrences occurred in this 
group during follow-up of at least 1 year. Follow-up 
urography, done in 36, did not reveal any evidence of 
renal scarring. In contrast, among 40 infants with 
symptomatic infections, 1 patient had a significant 
ureteropelvic junction obstruction and 14 of 39 
(36%) had VUR, including 3 with grade II or 
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greater. Fourteen of 40 (35%) experienced recur- 
rences, including 6 with acute pyelonephritis and 3 
with cystitis, whereas asymptomatic bacteriuria was 
noted in 5 patients. It was concluded that infants with 
asymptomatic bacteriuria represent a low-risk group 
with a tendency to spontaneously become abacteri- 
uric, usually within a few months. 

Considerable variation in uroradiographic findings 
has been reported in school-aged children found to 
have bacteriuria on screening. These studies have 
reported VUR in 19-35% and renal scarring in 
10-26%. !?.15.16,207 However, many of these children 
had a prior history of symptomatic UTIs and others 
undoubtedly had infections during infancy that were 
overlooked or misdiagnosed. Although, recurrent 
infections following treatment occur in up to 80%, 
the risk for development of acute pyelonephritis in a 
girl older than 4 years of age with untreated asymp- 
tomatic bacteriuria is small and seems to be associated 
with a change in bacterial strain, perhaps as a result of 
antibiotic treatment.!*2°8 Follow-up by the 
Cardiff-Oxford Bacteriuria Study Group revealed 
that those schoolchildren who presented initially with 
a radiographically normal urinary tract remained 
normal in spite of persistent asymptomatic bacteri- 
uria.2 Only in those children who had previous 
renal scarring did new scars or progression of scarring 
develop, and all of these children had VUR. Other 
studies have shown that asymptomatic bacteriuria is 
associated with low-virulence bacterial strains lacking 
the ability to adhere and cause symptoms. 44154,210 
Furthermore, there is considerable evidence that these 
organisms may be commensal with the host and may 
even protect against infection by more virulent 


strains.2!1 


Cystitis 


Acute cystitis in children is rarely associated with sig- 
nificant long-term morbidity. Typical symptoms that 
accompany acute cystitis in toilet-trained children 
include dysuria, frequency, urgency, and/or sec- 
ondary-onset enuresis. Fever and systemic complaints 
are generally not a feature of the clinical picture. As 
previously mentioned, however, these same irritative 
lower tract symptoms are often seen in the absence of 
bacterial cystitis, mandating that a specimen for urine 
culture be obtained prior to institution of therapy. 
Although the recurrence rate of lower UTIs is high, 
most cases can be considered little more than a nui- 
sance and recurrences tend to decrease or disappear 
by adolescence. However, it is worth noting that 


many children prone to recurrent lower UTIs have 
voiding dysfunction, particularly infrequent voiding. 
Typically, these children do not void for 1 or 2 hours 
after awakening in the morning and then may void 
only two or three times throughout the day. Conse- 
quently, bladder capacity is abnormally large and 
bladder emptying is often incomplete. Often these 
children also have chronic constipation, including 
encopresis in some. Other children with recurrent 
cystitis have underlying bladder instability associated 
with urinary frequency, urgency, urge incontinence, 
and posturing associated with a reduced functional 
bladder capacity. Girls with a history of UTI are sig- 
nificantly more likely to report a variety of chronic 
voiding disturbances as compared to girls without a 
history of UTI'8°! (see Table 7.6). In some cases, 
recurrent UTIs may be a precipitating factor to the 
child’s voiding disturbance. Conversely, primary blad- 
der instability may itself contribute to an increased 
susceptibility to UTIs. In contrast to daytime voiding 
disorders, isolated bedwetting is rarely associated 
with a history of previous UTI.!8 

Approximately 10% of susceptible girls will have a 
recurrent infection shortly after completion of a 
course of antibiotic therapy. These children have 
chronic symptoms of bladder instability. Squatting or 
posturing in response to unstable bladder contrac- 
tions is common in this group. Many have voiding 
dyssynergia associated with high voiding pressures 
and incomplete bladder emptying. Some also have 
chronic inflammatory changes of the bladder. Histor- 
ically, endoscopic evaluation of these children often 
revealed multiple raised ‘cysts’ in the area of the blad- 
der neck and trigone. Histologically, submucosal lym- 
phoid follicles were present. Clinically, this entity has 
been termed cystitis cystica, although the histologic 
appearance suggests it would be more accurately 
referred to as cystitis follicularis. The presence of these 
follicles suggests an immunologic response to chronic 
infection.2!2 It should be noted that treatment of 
these children is no longer predicated on the basis of 
these endoscopic findings: rather, treatment is deter- 
mined by the recurrence rate of infection and the type 
of underlying voiding and bowel disorder. 


Pyelonephritis 
Pathophysiology of acute pyelonephritis 


Acute pyelonephritis represents the most serious type 
of UTI in children. It is not only responsible for 
greater acute morbidity but it also has the potential 
for causing irreversible damage. Acute pyelonephritis 
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in older children typically presents with fever and 
flank pain or tenderness associated with pyuria and 
positive urine culture. In the majority of cases, labo- 
ratory evaluation reveals an elevated serum white 
blood cell (WBC) count, erythrocyte sedimentation 
rate (ESR), and/or C-reactive protein (CRP). How- 
ever, when compared directly with localization stud- 
ies such as DMSA renal scans, these clinical and 
laboratory parameters are associated with high false- 
positive and/or false-negative rates. 183 This is particu- 
larly true in neonates and young infants, an age group 
at greatest risk for renal scarring following 
pyelonephritis. Neonates in particular present with 
non-specific symptoms such as irritability, poor feed- 
ing, failure to thrive, vomiting, and diarrhea (Table 
7.9). When one considers that approximately half of 
all children with febrile UTIs present during the first 
year of life, the importance of early and accurate diag- 
nosis becomes obvious. 

Experimental studies by Roberts and others have 
found that bacterial adherence to uroepithelium elic- 
its an inflammatory cascade proportional to the viru- 
lence of the infecting organism. The same acute 
inflammatory response that is responsible for the 
eradication of bacteria is also responsible for the 
damage to renal tissue and subsequent renal scar- 
ring.?!3 Through a series of experimental studies 
using the primate model, Roberts has developed a 
unified theory of the chain of events involved in the 
process that ultimately leads to renal scarring (Figure 
7.7).?14 The initiating event is bacterial inoculation of 
the renal parenchyma that elicits both immune and 
inflammatory responses. Whereas the immune 
response can be stimulated by live or heat-killed bac- 
teria, the acute inflammatory response occurs only 
following inoculation by live bacteria.2!% Since heat- 
killed bacteria do not cause renal scarring, it appears 
that it is the acute inflammatory response that is more 
important as a cause for the subsequent development 
of permanent renal damage. Potent cytokines induce 
chemotaxis of granulocytes and cellular- and 
humoral-mediated bacterial killing. 

Studies have also reported that focal ischemia may 
be a consequence of acute pyelonephritis. Kaack et al 
have shown that granulocyte aggregation within cap- 
illaries leads to vascular occlusion. Renal ischemia is 
then evidenced by a transient rise in circulating renin 
levels.2!5 Hill and Clark found evidence of marked 
cortical vasoconstriction in areas of acute inflamma- 
tion in rabbits with acute renal infection, with inflam- 
matory cells obstructing the peritubular capillaries.7!© 
Androulakakis et al found microvascular changes in 


acute pyelonephritis in pigs using microradiologic 
and stereomicroscopic techniques. Focal ischemia in 
areas involved by the acute inflammatory response 
was evidenced by compression of glomeruli, small 
peritubular capillaries, and vasa rectae, presumably 
from interstitial edema.?!7 Using the microsphere 
technique, Majd and Rushton evaluated renal blood 
flow changes associated with acute pyelonephritis in 
the refluxing piglet model. Focal renal blood flow was 
decreased in sites of acute pyelonephritis identified by 
diminished uptake of DMSA and subsequently con- 
firmed by histopathology. Uninvolved areas of the 
affected kidneys demonstrated normal blood flow 
comparable to that of the contralateral normal 
kidney.?18 

Since host-derived cytotoxins are central in the gen- 
esis of tissue suppuration, investigators have tried to 
understand and modify the inflammatory response. 
Granulocytes kill bacteria, releasing toxic enzymes 
(lysozymes) both within the granulocyte and into the 
lumen of renal tubules, which causes renal cell 
damage. The respiratory burst, a phenomenon uni- 
versal to acute inflammatory responses, generates 
oxygen radicals (superoxides) that have classically 
been felt to mediate bacterial killing, as well as that of 
granulocytes and surrounding tubular cells.7!9 

The role of reactive oxidants, inducible nitric oxide 
(iNOS), and tissue-destructive proteinases in the 
acute inflammatory response has only recently been 
elucidated. In an extensive review of the literature 
spanning 70 years, Weiss proposes that neutrophil- 
derived superoxide and oxygen radicals are merely 
highly reactive intermediates in the production of 
toxic chlorinated oxidants (e.g. hypochlorous acid 
and chloramines). If these chlorinated oxidants are 
the true mediators of tissue destruction, then inhibit- 
ing their generation should lessen tissue injury. In 
fact, in-vitro models have demonstrated that cellular 
destruction could be prevented in the presence of spe- 
cific inhibitors of the H,O,—-halide—myeloperoxidase 
system, effectively preventing HOCI (hypochlorous 
acid) generation.?”° Despite this compelling evidence, 
Weiss’ ‘enthusiasm’ for HOCI as the sole agent in 
inflammation-mediated tissue destruction is tempered 
by the fact that living tissue perfused with HOCI solu- 
tions remains viable.??! However, evidence suggests 
that the primary role for HOCI and chloramines is to 
neutralize circulating enzyme inhibitors that prevent 
the untimely digestion of host tissues by neutrophils. 
These oxidants do have mild direct cytotoxic effects. 
Thus, in the absence of significant inflammation, any 
enzymes released from neutrophilic lysosomes are 
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Figure 7.7 Diagram of the pathophysiologic events (from bacterial adherence to renal scar formation) that are char- 


acteristic of acute pyelonephritis. (Modified from Robe 


rts.214) 


immediately inactivated. However, once stimulated, 
the neutrophil can release the aforementioned oxi- 
dants into its immediate surroundings and can create 
a microenvironment capable of inactivating enzyme 
inhibitors, activating latent neutrophil-derived 
enzymes, and rapidly degrading microbes, host cells, 
and connective substratum.??? Tubular cell death 
releases the toxic inflammatory agents into the inter- 
stitium, causing further damage. 

Oxygen radicals are also produced by cell reaction 
during reperfusion of ischemic tissue. Focal parenchy- 


mal ischemia, resulting from intravascular granulo- 
cyte aggregation and edema, occurs with bacterial 
infection of the renal parenchyma.?!5.2!9,228 
ischemic tissue, hypoxanthine is produced during 
anaerobic metabolism of adenosine monophosphate. 
During reperfusion, hypoxanthine in the presence of 
xanthine oxidase and oxygen yields superoxides and 
hydrogen peroxide.””? Treatment with allopurinol, an 
inhibitor of xanthine oxidase, protects against tissue 
damage from reperfusion injury and from that associ- 
ated with bacteria in the renal parenchyma.??# 


In 
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It appears that the interstitial damage associated 
with the acute inflammatory response of pyelonephri- 
tis results from ischemia-related injury and from toxic 
enzymes. Additionally, bacterial virulence factors, such 
as hemolysins and lipopolysaccharides, work in con- 
cert with neutrophil-derived mediators to disrupt cel- 
lular membranes and degrade the extracellular matrix. 
The inflammatory process extends through the renal 
interstitium, thus contributing to the damage that ulti- 
mately results in irreversible renal scarring. 

Recently, the impact of adjunctive corticosteroids 
on post-inflammatory renal scarring was evaluated in 
the treatment of experimental pyelonephritis in the 
refluxing piglet model. Following induction of acute 
pyelonephritis as confirmed by DMSA scintigraphy, 
animals were randomized to receive either standard 
antibiotic therapy or antibiotics and prednisolone 
(2 mg/kg daily). Two months later, DMSA scintigra- 
phy was repeated and kidneys were harvested for 
gross and microscopic examination. The risk of focal 
scarring corresponded to the severity of the initial 
acute pyelonephritic lesion, based on the percentage 
of renal parenchyma involved. In kidneys with mild 
and moderate acute pyelonephritic lesions, antibiotics 
alone were equally effective in preventing scarring 
when compared to treatment with antibiotics and 
steroids. However, severe pyelonephritic lesions were 
three times as likely to heal without scarring in ani- 
mals treated with antibiotics in conjunction with 
steroids as compared to antibiotics alone.?*4 


Detection of acute pyelonephritis 
Dimercaptosuccinic acid (DMSA) renal scan 


The diagnosis of acute pyelonephritis traditionally has 
been made on the basis of the classic signs and symp- 
toms of fever and flank pain or tenderness asssociated 
with pyuria and positive urine culture. However, 
accurate diagnosis based solely on these parameters is 
often difficult, particularly 
infants.5%:?25 Despite the fact that the majority of 
patients (50-80%) with fever and systemic clinical 
findings consistent with acute pyelonephritis have 
abnormal DMSA scan findings, there is still a high 
false-positive and/or -negative rate based on routine 
clinical and laboratory parameters, including fever, 
elevated WBC, elevated CRP, elevated ESR, and the 
presence of VUR.!88 

Direct techniques have been used to localize the 
level of UTI to the upper or lower urinary tract. 
These include split-urine cultures collected by ureteral 
catheterization, bladder washout, and thin-needle 


in neonates and 


aspiration of renal pelvic urine under ultrasonic guid- 
ance.?76.227 Although these efforts may accurately 
localize infection to the upper or lower urinary tract, 
they are obviously invasive and do not assess the 
extent of renal parenchymal involvement. 

Renal cortical scintigraphy with 99mTc DMSA has 
emerged as the imaging agent of choice for the detec- 
tion and evaluation of acute pyelonephritis and renal 
scarring in children. Early clinical reports showed that 
renal cortical scintigraphy using 99mTc DMSA or glu- 
coheptonate was significantly more sensitive than 
IVU and renal sonography in the detection of acute 
pyelonephritis. ??8-230 Subsequently, to evaluate the 
true sensitivity and specificity of renal cortical scintig- 
raphy, experimental studies in an animal model were 
conducted using strict histopathologic criteria as the 
standard of reference.?31232 In these two investiga- 
tions, pyelonephritis was created in young piglets by 
surgically inducing unilateral VUR of infected urine. 
Typical DMSA renal scan findings of acute 
pyelonephritis included focal areas of diminished 
uptake of DMSA with preservation of the renal con- 
tour (Figure 7.8).?33 The DMSA scan was deter- 
mined to be highly sensitive and reliable for the 


Figure 7.8 99™Tc DMSA renal scan obtained 1 week 
after introduction of infection in young pig with exper- 
imentally produced left vesicoureteral reflux. Focal 
decrease in uptake with preservation of renal contour 
is noted in left lower pole (arrow). Pathologic examina- 
tion confirmed left lower pole pyelonephritis. 
(Reprinted from Rushton and Majd,?3 with permis- 
sion.) 
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detection and localization of experimental acute 
pyelonephritis, with a sensitivity of 87-89% and 
specificity of 100% in both. When individual 
pyelonephritic lesions were analyzed, DMSA scan 
findings correlated with histopathologic changes with 
an overall agreement rate of 89-94%. Those lesions 
not detected were microscopic foci of inflammation 
not evident on gross examination and not associated 
with significant parenchymal damage. 

Not only is DMSA scintigraphy highly sensitive and 
specific for the diagnosis of acute pyelonephritis but it 
also provides important information regarding renal 
function and the extent of renal parenchymal inflam- 
mation. Documentation of renal parenchymal damage 
associated with acute pyelonephritis is fundamental to 
understanding the roles of infection and VUR in the 
etiology of pyelonephritis and renal scarring. 


Single-photon emmision computed tomography 
(SPECT) 


The application of SPECT to DMSA scintigraphy 
reportedly further enhances the sensitivity of DMSA 
in the detection of acute pyelonephritis.?34236 In clin- 
ical studies, a greater number of defects have been 
detected by SPECT compared with standard pinhole 
imaging. (Obviously, in these clinical trials, 
histopathologic confirmation of the abnormal find- 
ings demonstrated by renal scintigraphy was not pos- 
sible. To further evaluate the accuracy of SPECT 
imaging in the detection of acute pyelonephritis, 
SPECT was compared with pinhole imaging of 
DMSA renal scans for the detection and localization 
of acute pyelonephritis in 16 piglets (32 kidneys) with 
bilateral reflux of infected urine.??7 Animals were 
evaluated with both imaging modalities immediately 
prior to sacrifice at 1, 2, 3, and 10 days following the 
introduction of infection into their bladders. The 
overall sensitivity for detection of affected renal zones 
with histologic evidence of pyelonephritis was 86% 
for pinhole imaging and 91% for SPECT. The speci- 
ficity was 95% for pinhole imaging and 82% for 
SPECT. Overall accuracy for the presence or absence 
of kidney involvement was 88% for both (Figure 
7.9). Thus, SPECT imaging appears to be slightly 
more sensitive than standard pinhole imaging, but its 
application may result in more false-positive findings. 
Furthermore, it is easier to differentiate acute inflam- 
matory changes from chronic renal scarring with pin- 
hole imaging. Whether pinhole or SPECT imaging is 
utilized is to some extent dependent on the availabil- 
ity and experience of the imaging unit. 


Figure 7.9 (a) Posterior and posterior oblique pinhole 
and (b) coronal and sagittal SPECT images of 9°"Tc 
DMSA renal scan in a young pig with bilateral vesi- 
coureteral reflux and acute left pyelonephritis 48h 
after introduction of E. coli broth into the bladder. Pho- 
topenic lesions in the left upper and lower poles are 
demonstrated by both modalities (arrows). 


Sonography and intravenous pyelography (IVP) 


Several clinical studies have clearly demonstrated that 
renal sonography is not as reliable as DMSA scintig- 
raphy for the detection of acute pyelonephritis.238-?44 
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Figure 7.10 Normal sonogram and grossly abnormal 
99mT¢ DMSA renal scan of right kidney showing large 
mid-zone and moderate lower pole photopenic lesions 
characteristic of acute pyelonephritis in a 4-year-old 
girl who presented with her first documented febrile 
UTI (arrows). VCUG was negative for vesicoureteral 
reflux. 


In one prospective study of 91 children with culture- 
documented febrile UTIs, DMSA renal scans showed 
changes consistent with acute pyelonephritis in 63% 
of the patients.?°8 In contrast, sonography revealed 
changes consistent with acute pyelonephritis in only 
39% of the same patients. More recently, MacKenzie 
et al prospectively compared the results of renal ultra- 
sound with DMSA renal scans in 112 children with 
their first symptomatic UTI.2%9 
Although ultrasound was particuarly effective in 
detecting dilatation of the collecting system and renal 


documented 


swelling, it failed to detect over half of those patients 
with abnormal DMSA scans demonstrating photon- 
deficient areas consistent with acute inflammatory 
changes of pyelonephritis (Figure 7.10). Intravenous 
pyelography has been shown to be very insensitive for 
the detection of acute pyelonephritis.74° 


Other renal isotopes 


The usefulness of an early 9°™Tc mercaptoacetyl- 
triglycine(MAG3) renal scan in predicting renal alter- 
ations seen on DMSA renal scans has been evaluated 
by Piepz et al.244 These investigators concluded that 
the accuracy of the MAG3 renal scan was population 
dependent. When the DMSA scan was normal or very 
abnormal, the MAG3 image correctly reflected the 
findings of the DMSA renal scan. However, when the 
DMSA abnormalities were less pronounced, the early 
MAG3 scan failed to detect about half of the cases. 

99mT¢ glucoheptonate has also been used in the 
detection of acute inflammatory changes associated 
with acute pyelonephritis.???:230.247 Although the sen- 
sitivity and specificity of 99mT c-labeled glucohepto- 
nate and DMSA have not been directly compared, 
certain observations can be made. Approximately 
60% of the administered dose of ??™Tc DMSA is 
tightly bound to the proximal tubular cells, and only 
a small amount is excreted slowly in the urine. Con- 
sequently, DMSA allows for excellent visualization of 
the renal parenchyma without interference from 
retained tracer in the collecting systems. In contrast, 
only about 20% of the administered dose of 99m'T¢ 
glucoheptonate is firmly bound to the tubular cells. 
Most of the administered dose is excreted in the urine, 
which allows for moderately good visualization of the 
renal collecting systems on the early images. This 
additional information makes glucoheptonate the pre- 
ferred agent of some clinicians.74” However, the qual- 
ity of the delayed renal cortical images is clearly better 
with DMSA. 


MRI, CT scans, power Doppler sonography 


The use of magnetic resonance imaging (MRI) with 
UTIs has also been reported. In a clinical study for 
detection of acute pyelonephritic damage in children, 
the sensitivity and specificity of gadolinium-enhanced 
MRI was equal to that of 9?"Tc DMSA scanning.?46 
In a more recent animal study, SPECT imaging using 
DMSA was compared with spiral computed tomog- 
raphy (CT) scanning (pre- and postcontrast), 
gadolintum-enhanced MRI, and power Doppler 
sonography in 35 infected piglets with 70 refluxing 
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Figure 7.11 Severe multifocal acute pyelonephritis in 
the right kidney is well demonstrated on both a 99™Tc 
DMSA renal scan and CAT scan in a 3-year-old girl with 
her first febrile UTI. Photopenic areas on DMSA scan 
correspond to attenuated hypodense lesions on CAT 
scan. Note diffuse right renal swelling on CAT scan. 


kidneys.”4? The imaging modalities were interpreted 
independently and compared in a blinded fashion 
with histopathologic findings. SPECT DMSA, spiral 
CT, and MRI were equally sensitive and reliable for 
the detection and localization of acute pyelonephritis 
(Figures 7.11 and 7.12). Power Doppler sonography 
was significantly less accurate in this porcine model. 
However, a recent clinical study comparing Doppler 
sonography to DMSA scanning in 62 children, found 
favorable positive- and negative-predictive values 
(93.1% and 85.7%, respectively) for Doppler stud- 
250 Nevertheless, with increased experience and 
enhanced applications, clinical use of spiral CT and 
MRI is likely to gain popularity in the evaluation of 
the pediatric urinary tract. 


ies. 


Evaluation of the child with urinary 
tract infection 


Controversy continues to exist regarding when and 
how a child with documented UTI should be evalu- 


Figure 7.12 Gadolinium-enhanced MRI in a young pig 
with bilateral vesicoureteral reflux (VUR) demonstrates 
multiple acute pyelonephritic lesions in both kidneys 
as evidenced by bright parenchymal lesions (arrows). 


ated. A recent systematic overview of the literature to 
assess the evidence on which current recommenda- 
tions for routine diagnostic imaging are based found 
that there were no controlled trials or analytic studies 
which evaluated the need for routine diagnostic imag- 
ing.?5l All reports were descriptive and the majority 
were retrospective. Furthermore, none provided evi- 
dence of the impact of routine imaging on the devel- 
opment of renal scars and clinical outcomes in 
children with their first UTI. 

Most pediatric urologists would agree that all chil- 
dren under 5 years of age, boys of any age, and all 
with febrile UTI or documented acute pyelonephritis 
should be evaluated when infection is first recognized. 
The key to this recommendation is adequate docu- 
mentation of UTI. 

The arguments in favor of early evaluation of 
young children following their first documented UTI 
are based on both experimental and clinical data. 
Clinical and experimental studies have proved that 
significant renal scarring can occur after a single 
UTI.252:253 A higher incidence of renal scarring has 
been reported in children with VUR and recurrent 
UTIs than in those with reflux who have had only a 
single infection.?°+?5° Similarly, Jodal reported a 
strong between the 
pyelonephritic episodes and the incidence of renal 
scarring. Recurrence of UTI within 1 year of a 


association number of 
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preceding infection occurs in approximately 30% of 
girls with one, 60% with two, and 75% with three 
prior infections.!! Furthermore, the non-specificity of 
signs and symptoms that typically accompany urinary 
infection in infants and toddlers often makes it impos- 
sible to determine whether an infection actually rep- 
resents the first episode.!! Additional justification for 
early evaluation is based on the high yield of 
uropathology obtained from the evaluation of chil- 
dren with culture-documented UTIs. Cystography in 
Caucasian girls with symptomatic UTIs consistently 
demonstrates the presence of VUR in approximately 
30-50% of cases, regardless of whether the study is 
requested by pediatric subspecialists (urology/ 
nephrology) or other clinicians (pediatricians, family 
practitioners, adult urologists) .>:75°?57 The exception 
is found in African-American girls with UTI in whom 
the relative incidence of VUR is about one-third that 
of Caucasian girls.”!?4 Unfortunately, other clinical 
parameters have proven unreliable in distinguishing 
those children with UTI who also have VUR.!!8 All 
of the aforementioned factors offer a convincing argu- 
ment to pursue early evaluation of young children fol- 
lowing their first documented UTI. Waiting until a 
child has had two or more UTIs before proceeding 
with evaluation clearly increases the risk that perma- 
nent scarring, which might have otherwise been pre- 
vented, may occur. 


History 


Evaluation of the child with a UTI should always 
begin with a careful history. Because bladder empty- 
ing plays an important role in the etiology and pre- 
vention of UTI, a careful voiding history is an 
essential component of the work-up of toilet-trained 
children with UTIs.2°8 Many of these children also 
have associated constipation that may only be 
detected when specific questions are directed toward 
the patient and parents. Family history should also be 
obtained, since heredity appears to play a role in an 
individual’s predisposition toward infection, as evi- 
denced by familial studies showing an increased inci- 
dence of bacteriuria in female siblings.!#* Similarly, a 
significant familial risk for VUR has been demon- 
strated when a sibling or parent has a history of 
having reflux.2°9 


Physical examination 


Physical examination of the child presenting with 
UTI should include palpation of the abdomen for 
flank masses, bladder distention, and/or abdominal 


masses caused by fecal impaction. Although genital 
examination in boys should exclude significant meatal 
stenosis, this is an extremely rare cause of UTI. Con- 
sidering the epidemiologic evidence demonstrating an 
increased risk for UTI in uncircumcised boys, the cir- 
cumcision status is of particular importance in male 
infants. Abnormal genital findings in girls include vul- 
vovaginitis or the presence of labial adhesions that 
might predispose the child to perineal colonization by 
bacteria. More often labial adhesions increase the risk 
for contamination of ‘clean-catch’ urine specimens for 
culture. In children with a significant history of void- 
ing dysfunction associated with constipation and/or 
encopresis, a brief neurologic examination should 
include evaluation of perineal sensation, of peripheral 
reflexes in the lower extremities, and of the the lower 
back for sacral dimpling or cutaneous abnormalities 
that suggest an underlying spinal abnormality (occult 
spinal dysraphism). Rectal examination for fecal 
impaction may be indicated if the history suggests 
severe constipation or encopresis. 


Imaging 


Recommended imaging studies for a child with a his- 
tory of a culture-documented UTI are based, to some 
extent, on the experience of the radiologist and the 
availability of imaging modalities. Age, gender, race, 
and the type and frequency of UTIs must also be 
taken into consideration. For many years, the empha- 
sis on the investigation of the child with UTT has cen- 
tered on diagnosis of VUR. Some authors have 
suggested that the emphasis should be on whether the 
child has renal scarring or is at risk for renal scar- 
ring.760-25 They argue that if there is no evidence of 
renal damage at the time of the infection, then it is 
not necessary to evaluate for VUR as the risk for 
future renal scarring is minimal. Consequently, these 
authors have recommended that the initial evaluation 
in children older than 1-2 years should be of the 
kidney, including sonography to exclude surgical con- 
ditions which predispose to infection and DMSA 
scintigraphy to detect acute pyelonephritic inflamma- 
tion. With this approach, cystography is reserved for 
infants under 1-2 years and older children with 
abnormal DMSA scan findings or recurrent UTIs. 
One critical review found that such an approach 
might miss approximately 8% (7/80) of children with 
grade III VUR who have normal DMSA scans. How- 
ever, VUR resolved or significantly improved in 86% 
(6/7) and no child had recurrent UTI.7° This algo- 
rithm is further supported by the observations that 
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while clinically significant acute lesions may be pre- 
sent in the presence or absence of VUR, significant 
renal scarring is most likely to occur in those with 
grade III and IV VUR.?°7 In contrast, most Ameri- 
can urologists, pediatricians, and radiologists still rec- 
ommend that the evaluation of infants and toddlers 
should always include a cystogram to detect the pres- 
ence of VUR, ureteroceles, posterior urethral valves 
in boys, or bladder wall thickening and a sonogram to 
look for obstruction, hydronephrosis, or other con- 
genital malformations.?°.26? Whether one accepts the 
recommendation that DMSA scintigraphy should 
precede voiding cystourethrography in the evaluation 
of children with UTIs is determined in part by the 
goal of management of these patients. For those 
whose ultimate goal of treatment is the cessation of 
VUR, when present, then VCUG will continue to be 
the initial study of choice. For others, whose primary 
goal is the detection and future prevention of 
pyelonephritis and new renal damage, DMSA scintig- 
raphy may well replace VCUG as the initial investiga- 
tion of children with symptomatic UTIs. It should be 
recognized that, to date, no studies have analyzed the 
relative advantages of any specific imaging approach 
with regard to documentation of their impact on the 
development of renal scars or other clinical out- 


comes.?5! 


Timing of evaluation 


The timing of evaluation is often a concern of the 
urologist, radiologist, and pediatrician. Many recom- 
mend that children requiring hospitalization should at 
least be screened for obstruction with an ultrasound 
scan prior to discharge. For patients evaluated with 
cystography, it has been suggested that this be 
delayed 4—6 weeks following the acute infection to 
avoid demonstrating transient mild reflux secondary 
to inflammatory changes of the ureterovesical junc- 
tion. However, it is rare for reflux to be detected 
during infection and then disappear after treat- 
ment.?”°7! Furthermore, since the significance of 
reflux is greatest at the time of bacterial infection, 
demonstration of even transient reflux may be very 
meaningful. One potential disadvantage of obtaining 
a cystogram early in the course of a febrile infection is 
that ureteral dilatation secondary to the effect of 
endotoxins may result in overestimation of the grade 
of reflux.?”*73 Nevertheless, a prolonged ‘waiting 
period’ is not necessary. The cystogram can usually be 
performed whenever the patient is no longer sympto- 
matic and when the urine is sterile.2”4 Regardless of 


when studies are performed, antibiotic prophylaxis 
should be maintained until that time, particularly in 
infants or in children with a previous febrile UTI, in 
order to prevent reinfection.?°+?74 

For patients evaluated with DMSA renal scintigra- 
phy, the timing of the study is in part determined by 
the reason for the study. If one is attempting to doc- 
ument acute pyelonephritic inflammatory changes, 
the DMSA renal scan is best obtained early within the 
first several days of the acute episode.?”°> However, if 
the primary goal is to document irreversible renal 
scarring following an episode of infection, then the 
study should be delayed for 6 months following the 
acute infection since transient acute changes on 
DMSA scans can persist for up to 5 months prior to 
resolving.?”° 


Cystography 


Both direct and indirect cystography techniques are 
used. Direct cystography involves filling the bladder 
by urethral catheterization or percutaneous suprapu- 
bic infusion. Both standard contrast medium and 
radiolabeled nuclides are satisfactory. In boys, con- 
trast cystography is preferred because it provides for 
visualization of the urethra and for grading reflux 
(Figure 7.13).?77 It is also more reliable for detecting 
duplication, ureteral ectopia with or without uretero- 
celes, posterior urethral valves, bladder trabeculation, 
bladder diverticula, and foreign bodies. Many also 
prefer its use for the initial examination in girls 
because the grade of reflux can be determined. Several 
methods for grading are used. The International 
Reflux Study method is most widely accepted.?7”7 A 
disadvantage of standard contrast cystography is the 
high gonadal radiation dose it entails, particularly 
with multiple studies or fluoroscopic monitoring. The 
addition of digital fluoroscopy reduces gonadal radia- 
tion exposure.?”8 Using a low-dose fluoroscopic 
system with a computer-based video frame grabber, 
the ovarian radiation dose has been reported to com- 
pare favorably to radionuclide cystography.?”? 

Direct radionuclide cystography allows continuous 
monitoring for reflux throughout the study without 
additional radiation exposure. It is reported to be 
more sensitive than contrast cystography for the diag- 
nosis of reflux.280-282 Whereas precise grading of 
VUR is limited, it can usually be categorized as mild, 
moderate, or severe (Figure 7.14). Although radionu- 
clide cystography has been criticized for being unable 
to detect grade I/V VUR, a recent study found that 
direct radionuclide cystography demonstrated VUR 
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(a) Grade | Grade II 


Figure 7.14 Isotope cystogram demonstrates mild left 
vesicoureteral reflux during filling (top row), which 
becomes moderate reflux when the bladder is full and 
during voiding (bottom row). 


Grade Ill 


Grade IV Grade V 


Figure 7.13 (a) International classification of vesi- 
coureteral reflux: grade |, ureter only; grade II, ureter, 
pelvis, calices, no dilatation, normal caliceal fornices; 
grade Ill, mild or moderate dilatation and/or tortuosity 
of ureter, and mild or moderate dilatation of the pelvis, 
but no or slight blunting of the fornices; grade IV, mod- 
erate dilatation and/or tortuosity, of ureter and mild 
dilatation of renal pelvis and calices, complete obliter- 
ation of sharp angle of fornices but maintenance of 
papillary impressions in majority of calices, grade V, 
gross dilatation and tortuosity of ureter, gross dilata- 
tion of renal pelvis and calices, papillary impressions 
are no longer visible in majority of calices. (Modified 
from International Reflux Committee2”’.) (b) Voiding 
cystogram shows grade III VUR on the right with mod- 
erate dilatation and tortuosity of ureter, moderate 
dilatation of the pelvis, but slight blunting of the for- 
nices. Grade IV reflux is seen on the left with similar 
dilatation of the ureter and pelvis but with obliteration 
of sharp angle of fornices. Papillary impressions are 
maintained in the majority of the calices. 


to the renal pelvis in all 17 kidneys with grade I/V 
VUR on contrast cystography.?8% The radiation dose 
from radionuclide cystography reportedly is 50-200 
times less than that with standard techniques using 
contrast cystography, making it ideal for the follow- 
up of children with VUR and for following results of 
antireflux surgery.?°4 

Indirect radionuclide cystography uses 99mTc 
DTPA (technetium-99m-labeled diethylenetriamine 
pentaacetic acid), which is excreted by glomerular fil- 
tration. The presence of reflux can be assumed when 
radioisotope counts increase in the renal areas after 
voiding. Indirect cystography is less reliable for the 
detection of VUR than direct radionuclide cystogra- 
phy, with false-negative rates ranging from 22 to 
51%,85.286 More recently indirect radionuclide cys- 
tography using °°™Tc MAG3 was reported to also be 
unreliable for the detection of VUR, missing approx- 
imately two-thirds of refluxing kidneys?8° (Figure 
7.15): 


134 Clinical pediatric urology 


(a) 
INDIRECT 


7 July 81 


° bes 


PRE VOIDING POST 
(0) DIRECT 22 July 81 
á$ Pe K, 
é o 
-< . oa 
FILLING VOIDING POST-—-VOID 


Figure 7.15 (a) False-negative indirect radionuclide 
cystogram in a 6-year-old girl. Images before and after 
voiding demonstrate no evidence of vesicoureteral 
reflux. (b) Selected images from a direct radionuclide 
cystogram in the same patient obtained 2 weeks after 
the indirect study show moderate reflux on the right 
during filling and voiding, and after voiding. (Reprinted 
from Majd et al,28? with permission.) 


Upper tract imaging 


Recommendations for evaluating the upper urinary 
tract in children presenting with UTI also vary from 
institution to institution. The ideal study should be 
painless, safe, cost-effective, and associated with min- 
imal or no radiation and yet should be capable of 
detecting clinically significant structural malforma- 
tions as well as renal scarring. Unfortunately, such an 
all-encompassing study does not exist. 

One approach is initial screening of all patients 
being evaluated for a history of UTI with a 
renal-bladder sonogram.788 In children, sonography 
has been found to be as sensitive as IVP for the detec- 
tion of any significant renal abnormality, except for 
uncomplicated duplication anomalies and focal renal 
scarring.788-?9! Sonography is painless, non-invasive, 
simple to perform, radiation-free, and independent of 
renal function. It is critical that appropriate images of 
the ureters, bladder, and true pelvis be routinely 
obtained in order to detect the presence of ureteroce- 
les or dilated ureters secondary to ureteral ectopia, 
ureterovesical junction obstruction, or severe VUR. 


To do so, the bladder should be full during the exam- 


ination. A postvoiding residual also can be demon- 
strated at the completion of the study. In the absence 
of reflux, hydronephrosis revealed by sonography is 
best evaluated with diuretic renography using ??™Tc 
DTPA or 9°°™Tc MAG3.?”2 When combined with the 
findings of the renal bladder sonogram, the site of 
obstruction can be reliably determined in almost all 
cases.136 When needed, further evaluation is best 
accomplished with percutaneous antegrade pyelogra- 
phy and pressure—perfusion studies (Whitaker test). 

Considering the very low incidence of surgically 
significant hydronephrosis presenting as UTI, some 
authors have questioned the role of sonography in the 
investigation of UTIs in children, recommending 
instead a cortical renal scan as the initial upper tract 
study of choice.?39:247,293.294 Still other authors have 
suggested a tailored approach to the evaluation of 
children with UTI, beginning with a voiding cys- 
togram.?%?%6 If no reflux is present, a renal ultra- 
sound scan is done to exclude hydronephrosis or 
other upper tract malformations. Otherwise, if reflux 
is demonstrated, the next study would be a renal cor- 
tical scan to detect renal scarring (Figure 7.16).?°7 
This approach seems reasonable for the majority of 
cases. 

In clinical practice, the use of DMSA scintigraphy 
is best reserved for those occasions when it will influ- 
ence management. DMSA scintigraphy can be helpful 
in the initial evaluation and follow-up of patients with 
VUR. For example, not all patients with VUR and 
breakthrough UTIs require immediate surgical inter- 
vention, particularly those with asymptomatic bac- 
teriuria?°* (Figure 7.17). In contrast, when new renal 
damage associated with a breakthrough UTI is objec- 
tively demonstrated by DMSA scintigraphy, anti- 


UTI 
VCUG 
Negative Positive 
Sonogram Renal scan 
abnormal DMSA (reflux) 
DTPA (obstruction) 


MAG3 (obstruction) 


Figure 7.16 Algorithm for evaluation of children with 
urinary tract infection. (Adapted from Rushton29”, with 
permission.) 
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Figure 7.17 A 3-year-old girl with bilateral grade Il vesicoureteral reflux (/eft) developed a breakthrough febrile UTI 
while on antibiotic prophylaxis. A 92™Tc DMSA renal scan (right) at the time of the infections did not demonstrate 
any evidence of pyelonephritis or scarring. Her prophylaxis was changed and repeat isotope cystogram 1 year later 
revealed complete resolution of her reflux. 


N 


Figure 7.18 A 2-year-old girl presented with her first culture- documented UTI. (a) Voiding cystogram demonstrates 
left grade III vesicoureteral reflux. (b) (Top) Initial 99™Tc DMSA renal scan was normal. (Bottom) Repeat 9™Tce DMSA 
renal scan following a breakthrough febrile UTI reveals acute pyelonephritic changes in the left upper and lower 
poles (arrows). Left ureteral reimplantation was performed. 


reflux surgery becomes imperative (Figure 7.18). It 
has been suggested that DMSA scan abnormalities are 
predictors of breakthrough UTIs (odds ratio 6.0) in 
children with VUR.?” Likewise, DMSA scintigraphy 
is important in the initial evaluation of infants with 
prenatally detected VUR, as many of these patients 
will have significant congenital reflux nephropathy. 


DMSA scintigraphy is also particularly helpful for 
establishing the correct diagnosis of pyelonephritis in 
situations when the diagnosis is unclear based on clin- 
ical and laboratory findings, such as in neonates and 
young infants. Not infrequently, the diagnosis in these 
young children is obscured by improper urine collec- 
tion techniques or the institution of antibiotics before 
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LEFT 79.459 x 
RIGHT 20.541% 


Figure 7.19 One-month-old boy with prenatally detected hydronephrosis. (Left) Voiding cystogram shows right 
grade V (note intrarenal reflux) and left grade III vesicoureteral reflux. (Right) 99°Tc DMSA scan reveals a hypoplas- 
tic right kidney with markedly reduced differential renal function. He had been on antibiotic prophylaxis since birth 


and urine cultures were negative. 


a urine culture is obtained. Other difficult diagnostic 
situations include children with neuropathic bladders 
managed by clean intermittent catheterization.309.301 
These children are usually chronically bacteriuric; 
therefore, the diagnostic significance of a positive 
urine culture at the time of a febrile episode is lost. 


Renal scarring 


Partly because most renal scars that are detected in 
children with prior urinary tract infection(s) have 
become established by the time of initial evaluation, 
the pathogenesis of renal scarring remains contro- 
versial.+°.297.254 Furthermore, it has become increas- 
ingly clear that the term renal scarring has been 
applied to the end result of more than one type of 


r i 


(a) 


pathophysiologic process, including both abnormali- 
ties that are congenital and those that are acquired 
postnatally. The correlation between the severity of 
VUR and renal scarring is also well estab- 
lished.®-302-304 Although the vast majority of cases of 
renal scarring associated with VUR are detected 
during the evaluation of children with UTI, recent 
studies of prenatally detected hydronephrosis sec- 
ondary to high-grade VUR have also confirmed cases 
of congenital functional abnormalities documented 
by DMSA renal scintigraphy even in the absence of 
infection3?5-10 (Figure 7.19). Furthermore, a higher 
prevalence of renal scarring has been reported in chil- 
dren with secondary VUR associated with functional 
or anatomic bladder outlet obstruction, including 
posterior urethral valves and neuropathic bladders, 


(b) 


Figure 7.20 Papillary configuration in intrarenal reflux. (a) Convex papilla (non-refluxing): crescentric or slit-like ori- 
fices of collecting ducts opening obliquely onto the papilla. (b) Concave or flat papilla (refluxing papilla): round, 
gaping orifices of collecting ducts opening at right angles onto flat papilla. (Reprinted Ransley,?!2 with permission.) 
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Figure 7.21 (a) Non-refluxing simple papilla with convex conical configuration and slit-like orifices of collecting 
ducts (arrow). (b) Refluxing compound papilla with concave configuration (arrows) and gaping oval to round orifices 
of collecting ducts (curved arrow). (Reprinted from Rushton et al,23' with permission.) 


DMSA 


Figure 7.22 A 9-month-old girl hospitalized with her first febrile UTI. VCUG demonstrated right grade IV vesicoureteral 
reflux. Sonography showed moderate right hydronephrosis. (a) Initial 9°"Tc DMSA renal scan at the time of hospital- 
ization demonstrates marked diffuse decreased uptake (function) in the right kidney, consistent with acute pan- 
pyelonephritis. (b) Follow-up 92™Tc DTPA renal scan 1 month later shows partial recovery of function, but the kidney 
is contracted and scarred with a differential function of only 17%. (Reprinted from Rushton,22” with permission.) 


than in children with primary VUR. 54 Lumping renal 
sequelae from all of these pathophysiologic entities 
under the terms ‘renal scarring’ or ‘reflux nephropa- 
thy has hampered attempts at understanding the 
pathogenic mechanisms involved. 

The critical role that infection plays in the patho- 
genesis of renal scarring associated with reflux was 
clarified in Ransley and Risdon’s classic experimental 
studies of VUR in piglets.!! They demonstrated that, 
in the face of VUR and normal voiding pressures, 
renal scarring occurs only when urinary infection is 
present. Reflux in the absence of infection caused renal 


changes only when bladder outlet resistance was 
increased, so that obstruction, not reflux, was the 
pathophysiologic explanation for renal damage. It was 
suggested that the portions of the kidney at risk for 
scarring are those susceptible to pyelotubular backflow 
(intrarenal reflux), based on papillary morphology and 
configuration (Figures 7.20 and 7.21).3!? 

Clinically, new or progressive scarring is almost 
always associated with a history of UTI. Experimen- 
tal studies and clinical experience have shown that a 
single episode of pyelonephritis can lead to significant 
renal damage (Figure 7.22).75*3!3 Furthermore, a 
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# of episodes acute pyelonephritis 


Figure 7.23 Relationship of renal scarring to number of 
episodes of acute pyelonephritis. (Adapted from 
Jodal.) 


between the number of 
pyelonephritic attacks and incidence of renal scarring 
has been reported (Figure 7.23).5?2254 Both experi- 
mental and clinical studies have also shown that some 
renal scarring can be prevented or diminished by early 
antibiotic treatment of acute pyelonephritis (Figures 
7.24 and 7.25).31252,315-316 Furthermore, when 
reflux is present, progressive renal scarring can be suc- 
cessfully prevented by keeping the patient free of 
303,304,317 Based on all of the above, it is 
clear that infection, not reflux alone, is a prerequisite 
for acquired renal scarring. 


clear association 


infection. 


Congenital renal scarring associated with 
reflux 


Severe reflux may be associated with significant renal 
dysplasia thought to result from abnormal induction 
of the nephrogenic cord during embryogenesis.#!® 319 
Several reports have described DMSA scan renal func- 
tional abnormalities in patients with primary VUR 
detected prenatally.305-30° The reported incidence of 
renographic abnormalities in these studies has varied 
widely, ranging from 17% to 60%.306-308 Many of 
these infants were evaluated by renal scintigraphy 
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Figure 7.24 (a) 99™Tc DTPA renal scan in a 3.5-year-old 
girl with left grade IV vesicoureteral reflux and multiple 
recurrent UTIs. (Left) Multifocal acute pyelonephritis is 
demonstrated in the upper and lower poles and mid- 
zone of the left kidney. (Right) Follow-up 9°°Tc DMSA 
renal scan 1 year later reveals significant improvement 
in function of the left kidney. (Reprinted with permis- 
sion from Rushton.314) (b) (Left) 922™Tc DMSA renal scan 
in 4.5-year-old girl with acute pyelonephritis evidenced 
by typical changes of photopenia with preservation of 
the renal contour in the upper pole and mid-zone of the 
right kidney (arrows). (Right) Repeat DMSA renal scan 
15 months later demonstrates complete resolution of 
acute inflammatory changes without residual scarring 
or loss of cortex. (Reprinted from Rushton and Majd,?33 
with permission.) 


Figure 7.25 °°™Tc DMSA renal scan in a 7-year-old girl 
7 months after her first documented febrile UTI. A 
VCUG revealed bilateral grade II vesicoureteral reflux. 
Renal scarring is present in both kidneys. The left 
upper pole is flattened (arrow). There is a wedge- 
shaped defect in the right lower pole (curved arrow) 
and thinning of the right upper pole (arrowheads). 
(Reprinted from Rushton,3"4 with permission.) 
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prior to any known episodes of infection, confirming 
that the functional abnormalities present at birth rep- 
resent a congenital fetal nephropathy rather than a 
secondary acquired abnormality. In one study, 
nephrectomy specimens in a few of these severely 
‘scarred’ kidneys with minimal function demonstrated 
severe dysplasia and growth arrest.2°8 This would 
suggest that both congenital and acquired scarring 
may occur in the same kidney. 


Imaging of renal scarring 


In the past, the primary imaging modality for the detec- 
tion of renal scarring was the intravenous pyelogram. 
However, limitations of the IVP have actually hindered 
our understanding of the pathogenesis of renal scarring. 
Although relatively sensitive for the detection of renal 
scarring, the IVP is very insensitive in the detection of 
acute pyelonephritis.” Furthermore, pyelographic evi- 
dence of new renal scarring may take 2 or more years to 
develop after a documented UTI.7°*:32° Consequently, 
this has forced investigators to speculate retrospectively 
about the etiology of renal scarring. 

In contrast, DMSA renal cortical scintigraphy is 
capable of detecting both the acute inflammatory 
changes of pyelonephritis and renal scarring. Several 
studies comparing the DMSA renal scan to the IVP in 
the detection of renal scarring have demonstrated a 
greater sensitivity with isotope imaging, especially in 
younger children.?42,32!-225 Merrick et al compared 
the findings of IVP to DMSA scans in 79 children 
who had proven UTI and had been followed for a 
period of 1-4 years.%?! The sensitivity of IVP for the 
detection of renal scars was 80% and the specificity 
was 92%, whereas cortical scintigraphy had a sensi- 
tivity of 92% and a specificity of 98%. When both 
IVP and DMSA scintigraphy demonstrate scars, an 
excellent correlation on a site-by-site basis has been 
reported. ??1-323,325,326 When compared with histol- 
ogy in an animal model, the sensitivity and specificity 
of the DMSA scan for the detection of renal scarring 
in 60 piglets with reflux and infected urine was 85% 
and the specificity was 97%.°?” Thus, DMSA renal 
cortical scintigraphy offers a superior opportunity to 
study the progression of renal damage or functional 
loss from the time of the initial insult until either 
complete healing or irreversible scarring develops. 

Studies that have compared ultrasonography with 
DMSA scintigraphy for the detection of renal scarring 
have consistently reported greater sensitivity with 
DMSA renal scans.?39:242.243 Tn one study, Yen and 
associates compared ultrasound, IVP, and both planar 
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Figure 7.26 °°™Tc DMSA renal scan demonstrates typ- 
ical changes of acute pyelonephritis in the upper and 
lower poles of the left kidney. Diminished uptake of iso- 
tope is seen with an intact renal cortical outline without 
volume loss or contraction (arrowheads). (Reprinted 
from Cohen et al,2°° with permission.) 


and SPECT DMSA renal scintigraphy in the evalua- 
tion of 130 children with UTI (42 patients), VUR 
(37 patients), and unilateral or bilateral small kidneys 
(51 patients).24# SPECT imaging of DMSA scans 
detected the highest number of defects, followed by 
planar imaging. 

Renal scars detected by DMSA scintigraphy appear 
as focal or generalized areas of diminished uptake of 
radioisotope associated with loss or contraction of 
functioning renal cortex. This may appear as thinning 
or flattening of the cortex in some kidneys, while in 
others renal scars appear as classic discrete wedge- 
shaped parenchymal defects (see Figure 7.25). In 
more severe cases, generalized damage may be associ- 
ated with multifocal or diffusely scarred kidneys and 
reduced differential renal function. In contrast, defects 
associated with acute pyelonephritis are more typically 
characterized by focal areas of diminished uptake but 
with preservation of the normal renal contour (Figure 
7.26). Although it is often possible for an experienced 
observer to distinguish acute versus chronic lesions, it 
should be recognized that this differentiation may be 
less apparent in those kidneys with acute pyelonephri- 
tis superimposed on pre-existent renal scarring. 


New or acquired scarring 


Until recently a common assumption was that VUR 
was an absolute prerequisite for new or acquired renal 
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Figure 7.27 99™Tc DMSA renal scan in a 13-month-old 
girl with an acute febrile UTI. (a) Left posterior oblique 
view on the initial DMSA scan demonstrates acute 
pyelonephritis of the mid-zone of the left kidney evi- 
denced by a photopenic lesion with preservation of the 
renal contour (arrowhead). (b) Follow-up DMSA renal 
scan reveals progression to renal scar in the exact 
same site characterized by contraction and loss of 
functioning renal cortex (arrowhead). (Reprinted from 
Rushton et al,54 with permission.) 


scarring. This mindset was further perpetuated by ear- 
lier investigations of new or acquired renal scarring, 
most of which focused retrospectively on patients 
with known VUR. However, in one earlier study 
which selected patients on the basis of infection alone, 
only half of the 37 children who formed new renal 
scars had VUR.#!6 

Several investigators have now evaluated the evolu- 
tion of the acute inflammatory changes associated 
with pyelonephritis using serial DMSA renal 
scans.?33,276,328-330 The interval from the initial 
DMSA scan obtained at the time of acute infection 
until the repeat scan ranged from 3 months to 2 years. 
Acute DMSA renal scan defects persisted as renal 
scarring in 36-52% of kidneys. The sites of new renal 
scarring corresponded exactly to those sites of acute 
pyelonephritis seen on the initial DMSA renal scans, 
confirming the primary role of the acute inflamma- 
tory response to infection in the etiology of acquired 
renal scarring (Figure 7.27). Contralateral normal 
kidneys and initially uninvolved areas of abnormal 
kidneys have almost always remained normal on 
follow-up DMSA renal scans. Surprisingly, reflux has 
been present in only 25-50% of kidneys that devel- 
oped new renal scarring. This is attributable in part to 
the fact that the majority of patients (63-75%) with 


acute inflammatory changes on the initial DMSA 
renal scans did not have VUR. Nevertheless, in one 
prospective study of 38 kidneys with initially abnor- 
mal DMSA scans, scarring developed in 6 of 15 
(40%) kidneys with associated VUR and in 10 of 23 
(42%) kidneys without demonstrable reflux.5+ Similar 
findings have been observed by others.*?! These 
observations provide convincing clinical evidence that 
renal parenchymal infection, rather than VUR, is the 
prerequisite for acquired (postnatal) renal scarring. 
Once bacteria have invaded the renal parenchyma, the 
inflammatory response appears similar and the 
propensity for renal scarring is equally as great 
whether or not reflux is present. 

Despite these findings, the importance of VUR (par- 
ticularly grades II or higher) as a risk factor for renal 
scarring should not be discounted. Clearly, patients 
with moderate and severe reflux are much more likely 
to develop acute pyelonephritic damage than children 
with mild or no reflux.5*.332 Furthermore, although 
62% of the kidneys with postpyelonephritic renal scar- 
ring in one study were drained by non-refluxing ureters, 
renal scarring was still significantly more common in 
those kidneys with grade HI or higher VUR compared 
with kidneys with mild or no reflux.?4! Thus, the 
increased propensity for scarring in patients with higher 
grades of VUR is attributable in part to the increased 
risk of these kidneys for acute inflammatory damage at 
the time of the initial infection.5*?4°3! Coupled with 
this, reflux (pyelotubular backflow of urine from the 
pelvis into the collecting ducts) of infected urine or scar- 
ring of adjacent papillae may transform marginally com- 
petent, non-refluxing papillae into papillae that do 
reflux, thereby predisposing the kidney to greater 
pyelonephritic damage.>*3!1 Indeed, in one study 
which attempted to quantitate the area of acute 
pyelonephritic parenchymal damage, the presence of 
grade 23 reflux was associated with a significantly 
greater frequency of kidneys demonstrating large 
defects (defined as > 10% of the kidney demonstrating 
DMSA uptake <2 sD of the control kidney) when com- 
pared with kidneys with no vesicoureteral reflux (p 
<0.02).332 Thus, when present, moderate or severe 
reflux (grade 23) remains the most significant host risk 
factor for acute pyelonephritis and renal scarring. 

Other risk factors for the development of renal scar- 
ring include associated bladder pathology, regardless 
of whether reflux is present. In one study, the fre- 
quency of new renal scarring was significantly higher 
in kidneys associated with overt bladder pathology 
compared with those with normal bladders (86% vs 
32%; p = 0.028).753 Marked bladder thickening and 
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trabeculation, suggesting either functional or 
anatomic bladder outlet obstruction, was present in 
67% of the patients with bladder pathology who 
developed new scarring. Urodynamic evaluation of 
children with neuropathic bladders associated with 
spina bifida has demonstrated that increased intraves- 
ical pressure may lead to upper tract deterioration, 
with or without VUR.333 Animal studies have also 
shown an increased propensity for renal scarring 
when infection and reflux occur in the presence of 
bladder outlet obstruction.*!! 

Two studies have also analyzed the association of 
various clinical and bacteriologic parameters with the 
development of new renal scarring.?33331 In both, 
children who developed new renal scars were actually 
older at the time of acute pyelonephritis, although the 
difference was statistically significant in only one.330 
An elevated WBC count at the time of the initial 
infection was not associated with renal scarring. 
When comparing those patients with and without 
new scarring, no significant differences were noted in 
race, gender, duration of fever, maximum tempera- 
ture, or acute inflammatory signs (CRP, ESR) at the 
time of the acute pyelonephritic episode. E. coli was 
cultured from the urine of 88-95% of the patients in 
both studies. Interestingly, new scarring occurred in 
33-41% of patients infected with E. coli compared 
with 100% of patients in both studies who were 
infected with other bacteria. In one study no signifi- 
cant association was found between bacterial viru- 
lence factors (hemolysin, colicin, P-fimbriae) and 
renal scarring, although colicin production was found 
almost twice as often in the bacteria isolated from 
patients with new renal scarring.*4 In a more recent 
report of 157 children evaluated with a DMSA renal 
scan 1 year following their first-time symptomatic 
UTI, children with high levels of CRP, high fever, 
and dilating VUR were 10 times more likely to have 
scarring than children with normal or slightly elevated 


CRP levels, no or mild fever, and no reflux.?7° 


Sequelae of renal scarring 
Hypertension 


Renal scarring is reported to be a common cause of 
hypertension in children and young adults.334-337 The 
risk of hypertension in patients with renal scarring 
varies, based on length of follow-up and severity of 
scarring. In follow-up studies of children with renal 
scarring, approximately 6-13% of children with scar- 
ring will develop hypertension.?7!87-337,338 In some 
cases, it may be associated with progressive renal insuf- 


ficiency.*°? A recent report of an older cohort of 294 
patients (mean age at presentation, 17.3 years) with 
reflux nephropathy noted that the risk of hypertension 
increased with age and length of follow-up.*4° 
Whereas 8.5% of these patients had hypertension at 
presentation, 38% became hypertensive later on 
(mean age 34.2 years). Hypertension was significantly 
more common in those with severe bilateral parenchy- 
mal scarring. Similarly, in another series 13% (11/83) 
of children with renal scarring were hypertensive at 
initial evaluation and another 17% (14/83) developed 
hypertension over the subsequent 4-20 years.*41 

The development of hypertension is clearly related to 
the severity of renal scarring and is more often observed 
in patients with a history of recurrent episodes of 
pyelonephritis associated with moderate or severe 
VUR.187:33? The actual risk for hypertension in children 
with milder degrees of scarring is unknown, but is 
undoubtedly less. The etiology of hypertension associ- 
ated with renal scarring is controversial. Some investi- 
gators report no evidence that the renin—angiotensin— 
aldosterone (RAS) system contributes;*47*43 others 
report that it does.*4#+*47 Despite these controversies, 
most would agree that the risk for hypertension in 
patients with severe renal scarring is significant, and 
long-term follow-up is mandatory, since hypertension 
may take 10-20 years to develop. 


Renal insufficiency 


The actual risk of renal insufficiency secondary to 
postpyelonephritic renal scarring is unknown. The 
annual incidence of new patients presenting with end- 
stage renal disease (ESRD) associated with ‘reflux 
nephropathy in Australia and New Zealand between 
1985 and 1989 was 3.9 and 4.89 per million of the 
population, respectively.*48 Overall, this represented 
7% of all new cases of ESRD commencing treatment 
during this time period, including 24% in the teenage 
group. In a more recent study of 102 patients with 
ESRD seen at a pediatric hospital over a 10-year 
period, only 3 had reflux nephropathy, including 1 
patient with no history of UTI and 1 patient with a 
single, afebrile UTI.*4? Only 1 child with grade -NI 
bilateral reflux had a history of recurrent UTIs. 
Studies have shown that the incidence of renal 
insufficiency in patients with postpyelonephritic renal 
scarring increases with age. The incidence of renal 
insufficiency in a report by Martinell et al of 30 adults 
who were diagnosed with severe renal scarring as chil- 
dren was 10%.2? Another study of an older cohort of 
294 patients (mean age at presentation 17.2 years) 
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with reflux nephropathy found a 2% incidence of 
renal insufficiency glomerular filtration rate (GFR) — 
defined as <40-69 ml/min — at presentation, that 
increased to 24% at last follow-up (mean age 34.2 
years). The more extensive the renal scarring, the 
higher proportion with renal insufficiency.*°? Most 
patients (90-100%) with reflux nephropathy and 
ESRD have focal segmental glomerulosclerosis, 
almost always associated with proteinuria.350-353 


Treatment 


The obvious goals of treatment of UTI are sympto- 
matic relief and prevention of new or progressive renal 
damage, especially in infants and young children who 
are at greatest risk for renal scarring. Initial treatment, 
ideally, should be based on in-vitro sensitivity studies. 
Frequently, such testing is not done or treatment is 
instituted before the results are available. Fortunately, 
because the common uropathogens are susceptible to 
multiple antibiotics and the response to antibiotics 
correlates best with urine levels that are usually more 
highly concentrated than serum level, high cure rates 
have been reported in most therapeutic trials.4°4 


Asymptomatic bacteriuria 


Treatment of true asymptomatic bacteriuria does not 
appear to be necessary if the urinary tract is otherwise 
normal.355-357 The risk for pyelonephritis in infants and 
young girls with untreated asymptomatic bacteriuria is 
small, and many demonstrate spontaneous remis- 
sion.>"! In a prospective follow-up of 50 infants with 
initial screening bacteriuria, 37 were followed for a min- 
imum of 6 years.*°8 Of the original 50, 2 infants devel- 
oped pyelonephritis within 2 weeks after bacteriuria was 
diagnosed. In 45, bacteriuria was left untreated. Spon- 
taneous clearance was observed in 36, while in 8 clear- 
ance followed treatment with antibiotics for respiratory 
infections. Recurrences of bacteriuria were observed in 
10 of 50 children, of whom one had pyelonephritis. No 
child had more than one recurrence. Follow-up urogra- 
phy in 36 of 50 children after a median of 32 months 
showed no evidence of renal damage in any of them. 
In contrast to infants with screening bacteriuria, 
treatment of school-age girls with asymptomatic bac- 
teriuria is followed by high recurrence rates of up to 
80%.!? Most are caused by new strains, which may 
carry the risk of being more virulent.35°-360 In con- 
trast, when left untreated, spontaneous changes of 


strain are uncommon.*°! 


Several studies in the 1970s reported that non- 
treatment of asymptomatic bacteriuria was associated 
with normal growth of kidneys without the develop- 
ment of new scars provided the urinary tract initially 
appeared normal radiographically.?08-209,362.363 In a 
4-year follow-up by the Cardiff-Oxford Bacteriuria 
Study Group in children 5-12 years of age with 
untreated covert bacteriuria, new or progressive renal 
scarring did not occur unless VUR was present.?° 
Similarly, the presence of asymptomatic bacteriuria in 
the absence of VUR is not a risk factor for renal scar- 
ring in children with neuropathic bladders who per- 
form clean intermittent catheterization.*°! 

Hansson et al compared, retrospectively, treatment 
vs non-treatment of asymptomatic bacteriuria in older 
girls (median age 8 years) with pre-existent renal scar- 
ring.*°! Many also had mild grade I-II/V VUR. Of 
21 girls who were given a short course of antibiotics, 
17 acquired a new infection within a year including 7 
with pyelonephritic recurrences. Of 23 girls treated 
with antibiotic prophylaxis for 2-3 years, one-half 
developed breakthrough infections, and recurrences 
after completion of long-term prophylaxis were as 
common as after short-term treatment. Overall, in 
girls who received short- or long-term antibiotic 
treatment, 14 patients developed 21 episodes of acute 
pyelonephritis during a total of 140 patient-years of 
observation. In contrast, ABU was left untreated in 
29 girls for a total of 74 patient years of observation. 
Only one patient developed acute pyelonephritis. 

Based on this information it is reasonable that true 
asymptomatic bacteriuria, particularly in older girls, be 
left untreated.154211 However, in the presence of 
VUR, the risks of non-treatment of asymptomatic 
bacteriuria have not been clearly established, particu- 
larly in infants and younger children. It should also be 
recognized that bladder dysfunction is commonly 
found in girls with so-called asymptomatic bacteriuria, 
including detrusor instability and incomplete empty- 
ing.!°! This explains in part the marked tendency for 
recurrent infection after treatment of asymptomatic 
bacteriuria with antibiotics alone. Treatment of the 
underlying voiding dysfunction is key to the successful 
long-term management of these patients. 


Uncomplicated lower urinary tract 
infection 


Agents that have been used successfully for acute, 
uncomplicated lower urinary infections include sulfon- 
amides, trimethoprim-—sulfamethoxazole (TMP-SMX), 
nitrofurantoin, trimethoprim, and oral cephalosporins 
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(see Appendix). Unfortunately, ampicillin and amoxi- 
cillin are used commonly by primary healthcare physi- 
cians. High intestinal levels of these two antibiotics 
often result in rapid development of resistant enteric 
organisms, which then become the reinfecting bacteria. 
The emergence of resistant strains to ampicillin or 
amoxicillin has limited its initial efficacy in treating uri- 
nary infections compared with other antibiotics.364 
Resistance rates to ampicillin-amoxicillin have been 
recently reported to be as high as 54% in children with 
their first documented symptomatic UTI% This 
drawback of the synthetic penicillins has been dimin- 
ished by the relatively recent combination of clavulanic 
acid with amoxicillin (Augmentin). Clavulanic acid 
inhibits the bacterial B-lactamase enzymes, which 
render the B-lactamic antibiotics ineffective. This com- 
bination has proved effective in eradication of UTIs in 
children, even when in-vitro susceptibility testing 
demonstrated resistance to amoxicillin alone.3%367 
However, ampicillin-clavulanic acid is associated with 
a high incidence of side effects, is expensive, and is no 
more effective than the usual drugs. 

The fluoroquinolones have been shown to have a 
wide spectrum of activity that includes most Gram-pos- 
itive and Gram-negative organisms, including 
Pseudomonas aeruginosa and Proteus.3®8 These are bacte- 
ricidal agents and are believed to work by inhibiting the 
essential bacterial enzyme deoxyribonucleic acid (DNA) 
gyrase, which is essential for DNA replication in bacte- 
rial cells.5°? Concern regarding adverse arthropathic 
effects, based on animal studies showing cartilage toxic- 
ity, has prevented its approval for use in children.3”° 
However, the same experimental toxic effects have been 
reported with all quinolones, including nalidixic acid, 
which is licensed for use and has been used in children 
for decades.?7! A retrospective match-controlled study 
of nalidixic acid in 11 children treated for 10-600 days 
with follow-up examination 3-12 years later did not 
reveal any differences in arthropathic adverse effects 
compared with controls.3”? Furthermore, clinical evi- 
dence of cartilage toxicity has not been reported in more 
than 100 children with cystic fibrosis treated with vary- 
ing courses of high-dose ciprofloxacin.?7* Despite the 
lack of clinical evidence demonstrating cartilage toxicity 
in children, the use of fluoroquinolones in growing chil- 
dren generally should be avoided until definitive studies 


have been performed. 


Duration of treatment 


The optimal duration of treatment of acute uncom- 
plicated lower UTIs in children is controversial. 


Recently, several randomized, controlled studies have 
been published reporting the efficacy of single-dose or 
short-course antimicrobial therapy in children. The 
potential advantages of short-course therapy include 
decreased costs, improved compliance, decreased 
antibiotic-related side effects, and decreased effect on 
the fecal flora. 

In 1988, Moffatt and associates reported a method- 
ologic analysis by four independent reviewers of 14 
randomized, controlled trials of short-course antimi- 
crobial therapy for uncomplicated lower UTIs in chil- 
dren. Short-course therapy varied in these 14 studies. 
Conventional therapy ranged from 7 to 10 days. In 
two trials, short-course therapy was less effective.374 
One study compared single-dose vs 10-day amoxi- 
cillin therapy, and one compared 1-day vs 10-day 
cefadroxil therapy.375-376 The other 12 studies showed 
no difference in outcome. The authors concluded that 
there was insufficient evidence to recommend short- 
course therapy for UTIs in children. 

In a more recent review article by Khan, the find- 
ings in 12 of these reports were re-evaluated by pool- 
ing the data on 320 infants and children.” He 
reported that single-dose therapy achieved an overall 
cure rate of 89% (63-100%), defined as a negative 
follow-up culture at 1 week and the lack of a subse- 
quent recurrence with the same organism. However, 
the response varied with the antimicrobial agents. 
Intramuscular aminoglycosides, used in 178 (56%), 
achieved the highest cure rate (96%), followed by 
TMP-SMX or a sulfa drug (90%). The cure rate of 
amoxicillin was significantly less (75%; p <0.01). 
Another large clinical study investigated single-dose 
vs multidose antibiotic therapy in 132 children with a 
culture-documented ‘first-time’ acute UTI. There was 
no difference in the bacteriologic cure rate for single- 
dose (93%) vs multidose regimens (96%), but recur- 
rence rates at 10-12 days or 28-37 days after 
treatment were significantly higher in the single-dose 
group (20.5%) compared with the 3-day (5.6%) and 
7-day (8%) groups.378 

Two other studies have compared relatively short 3- 
day vs conventional 10-day courses of antibiotics for 
treatment of uncomplicated UTIs in children. In one 
prospective, randomized, open multicenter study of 
264 girls 1-15 years old, similar results were observed 
when short-course treatment with either 3 days of sul- 
famethizole or pivmecillinam was compared with 10 
days of sulfamethizole.?” Specifically, there was no 
difference in the number of girls with no or insignifi- 
cant growth on urine cultures after treatment, or in the 
recurrence-free interval after treatment among the 
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three groups. In another study of 110 children, no dif- 
ference in initial cure or subsequent relapse rates was 
found in children treated with 3-day therapy vs 10 
days using either co-trimoxazole or nitrofurantoin. 380 

Based on the available data, it appears reasonable to 
treat acute lower uncomplicated infections in children 
with a ‘relatively’ short 3-day course of antibiotics. 
However, young children with their first-time infec- 
tion or those with febrile infections should then con- 
tinue to receive low-dose antimicrobial prophylaxis 
until radiographic evaluation is completed. 


Pyelonephritis 


The child with suspected pyelonephritis requires a 
greater degree of assurance of immediate therapeutic 
success, since the degree of scarring and renal damage 
resulting from an infection may be influenced by the 
rapidity of effective therapy.31252,315,3 16,381 Oral med- 
ication can be initiated in older children who are not 
septic or vomiting, as long as good compliance is 
ensured. TMP-SMX can be anticipated to be effective 
in most cases. Cephalosporins are also a good choice 
for initial therapy in the febrile child who does not 
require parenteral therapy. New third-generation 
cephalosporins such as cefixime offer the advantage of 
once-daily dosing and have been shown to be as effec- 
tive as twice-daily TMP-SMX.382-383 Treatment can 
be changed to include less expensive agents when the 
antibiotic sensitivities become available. 

Although most would concur with a 10-14 day 
course of antibiotic therapy for pyelonephritis, there is 
considerable controversy over the need for hospitaliza- 
tion and treatment with parenteral antibiotics vs out- 
patient therapy with oral drugs. In a recent survey of 
445 general practitioners, 143 pediatricians, and 45 
pediatric nephrologists, there were significant differ- 
ences in the recommendation for initial hospitalization 
by the general practitioners and pediatricians (17%) 
compared with the pediatric nephrologists (69%).384 
The pediatric nephrologists were evenly split between 
single and combined antibiotic therapy, whereas gen- 
eral practitioners and pediatricians preferred 
monotherapy. Intravenous antibiotics were preferred 
by 78% of the pediatric nephrologists compared with 
only 23-27% of pediatricians and general practition- 
ers. This may suggest a greater concern and/or aware- 
ness on the part of the nephrologists regarding the 
potential for renal damage 
pyelonephritis in children. However, in a recent 
prospective randomized clinical trial of 306 children 
1-24 months old with febrile UTIs, outpatient treat- 


associated with 


ment with oral third-generation cephalosporins was 
equally effective when compared with initial treatment 
with intravenous antibiotics. There was no significant 
difference in treatment success, duration of fever, or 
subsequent renal scarring on DMSA scans.#84 

Clearly, there is a need for controlled therapeutic 
trials for UTI in children with old and new drugs in dif- 
ferent dosages and for varying lengths of treatment. 
These trials should categorize patients into different age 
groups such as: (1) neonates aged 0-28 days; (2) 
infants aged 1 month to <2 years; (3) older children 
>2 years; and (4) adolescents.#8° Meanwhile, until such 
clinical trials are conducted, non-toxic children and 
infants >3 months of age can be treated as outpatients 
as long as compliance is not an issue. It is reasonable to 
initiate therapy with 1-2 days of a long-acting, third- 
generation cephalosporin, such as ceftriaxone, adminis- 
tered intramuscularly, followed by 10-14 days of oral 
antibiotics and prophylaxis until evaluated. Ceftriaxone 
is active against most Gram-negative uropathogens and 
it achieves very high levels in both the urine and renal 
parenchyma following single daily doses. This approach 
virtually assures compliance and adequate antimicrobial 
coverage until the urine culture and sensitivity results 
are known. Alternatively, if compliance does not seem 
to be a problem, initial therapy with appropriate, broad- 
spectrum oral antibiotics may be as effective in the treat- 
ment of acute pyelonephritis and in the prevention of 
irreversible renal damage.?83 

In contrast, the toxic child and infants <3 months 
of age with suspected acute pyelonephritis should be 
considered candidates for immediate hospitalization 
and parenteral therapy. In these patients combination 
therapy, including an aminoglycoside and ampicillin, 
are appropriate choices until the urine culture results 
are known. Alternatively, one of the newer third-gen- 
eration cephalosporins may be used, but these are 
more expensive and do not provide comprehensive 
coverage of Gram-positive organisms, including Ente- 
rococcus. Parenteral antibiotic therapy should be con- 
tinued for 7-10 days in neonates, although oral 
outpatient therapy to complete a full 10-14 day 
course can be substituted in patients >2 months 
when afebrile for 24-48 hours. Follow-up specimens 
for urine culture should be obtained at the comple- 
tion of therapy, and prophylaxis should be instituted 
until evaluation of the urinary tract is completed. 


Prophylaxis 


Long-term, continuous antibiotic prophylaxis is rec- 
ommended in children with VUR (particularly under 
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8 years of age) and those with frequent symptomatic 
recurrences. Antibiotic prophylaxis should also be 
considered in young children (under age 1) with non- 
reflux acute pyelonephritis when acute or chronic 
renal damage is documented by cortical scintigraphy. 
These children, in particular, appear to have bacterial 
virulence—host defense factors that appear to place 
them at significant risk for pyelonephritic damage. 

In children with VUR, prophylaxis is usually con- 
tinued until the reflux spontaneously resolves or is 
surgically corrected. Some advocate stopping prophy- 
laxis in children older than 7 or 8 years of age who 
have mild or even moderate (grades I-III) VUR, par- 
ticularly when there is no evidence of prior renal scar- 
ring.*8¢ If infection recurs during that time and reflux 
persists, correction shoud be considered for those 
with clinical or DMSA scan-documented pyelo- 
nephritis. Regardless of whether reflux is present, 
girls with a history of recurrent UTIs should be 
advised of the importance of surveillance urine cul- 
tures during pregnancy because they are at increased 
risk for pyelonephritis. In one review, a group of 41 
women who had UTIs in childhood were followed 
through 65 pregnancies.”! They were compared with 
age-matched controls. Of those with a history of 
childhood UTIs, 19 had renal scarring and 22 did 
not. The incidence of bacteriuria was higher in those 
with renal scarring (47%) than in those without renal 
scarring (27%), but both were significantly greater (p 
<0.001 and p <0.01, respectively) than in controls 
without a history of UTI (2%). This is true regardless 
of whether or not reflux is present.?° Even those who 
underwent successful surgical correction of reflux 
during childhood continue to be at increased risk for 
pyelonephritis during pregnancy.?87-38° 

Children with recurrent pyelonephritis and those 
with frequent recurrent symptomatic lower UTIs 
(three in 6 months, four in a year) should also be con- 
sidered for prophylaxis for a minimum of 6-12 
months, even in the absence of VUR. Periodic urine 
specimens for culture should be obtained every 3-6 
months to monitor the success of prophylaxis. Med- 
ication should then be reinstituted for an additional 
12 months if infection recurs within 3 months of dis- 
continuation. It is not necessary to discontinue treat- 
ment to obtain urine specimens for culture. When 
breakthrough infection occurs, the offending organ- 
ism will be resistant to the current agent. Therefore, 
the culture media will not be sterilized by the excreted 
drugs. 

Although prophylaxis effectively prevents infection, 


it cannot be expected to reduce the recurrence rate of 


urinary infection after therapy has been discontinued. 
In one trial using TMP-SMX, all the children were 
treated for 2 weeks and then were randomized to 
receive no treatment or 6 months of prophylaxis.?”° 
Although prophylaxis was highly effective in prevent- 
ing infection, the rate of recurrent infection after stop- 
ping prophylaxis was virtually identical to that 
observed after 2 weeks of treatment. Similarly, 
Smellie et al reported a high recurrence rate (42%) in 
children with a history of recurrent urinary infections 
following discontinuation of long-term antimicrobial 
prophylaxis.!8° In those with cystitis cystica (cystitis 
follicularis), 80% experience recurrences within 1 
year after 6-12 months of continuous prophylaxis.??! 
Nevertheless, it is helpful to achieve an infection-free 
period in those children with a history of multiple, 
symptomatic urinary infections. During this period of 
time, aggressive efforts should be made to improve 
the voiding and bowel habit patterns in those children 
who have clinical and/or urodynamic evidence of dys- 
functional voiding, a common finding in this difficult 
group of patients. 

Antimicrobials with proven efficacy in the preven- 
tion of recurrent urinary infections include nitrofu- 
rantoin, TMP-SMX or TMP-sulfadiazine, and TMP 
alone. 180,357,392-394 Tn one study that compared pro- 
phylaxis with nitrofurantoin vs trimethoprim alone in 
a double-blind study in 130 children, nitrofurantoin 
demonstrated superior efficacy in those children with 
abnormal urography and/or reflux.%?° However, no 
differences were seen in children without urinary tract 
abnormalities. Nitrofurantoin did not alter the pat- 
tern of resistance of intestinal bacterial flora, whereas 
trimethoprim significantly increased the percentage of 
trimethoprim-resistant bacteria during prophylaxis. 
Side effects, primarily gastrointesinal, were more fre- 
quent in the nitrofurantoin group (37%) compared 
with the trimethoprim group (21%) (p = 0.05). The 
authors recommended nitrofurantoin as the first 
choice for prophylaxis in children with recurrent UTI 
and urinary tract abnormalities. Pure SMX is less 
effective, and synthetic penicillins are particularly 
poor prophylactic agents because of the frequent 
emergence of resistant organisms. 

Prophylactic doses are generally less than those 
used to treat acute infection. Smellie et al effectively 
used SMX 10 mg + TMP 2 mg/kg/day, or nitrofu- 
rantoin 1-2 mg/kg/day in one to two doses.3?!392 
Our practice is to administer one-third to one-half of 
the therapeutic dose once daily. Alternatively, inter- 
mittent prophylaxis with low-dose TMP-SMX every 
other day has also been reported to be effective both 
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in children with VUR and preadolescent girls with 
recurrent infection.39°397 In difficult cases of children 
who develop breakthrough UTIs on single-drug 
antimicrobial prophylaxis, double prophylaxis with 
nitrofurantoin and TMP-SMX has been shown to be 
effective in reducing recurrences. In one study of 31 
girls with recurrent breakthrough infections on 
single-drug therapy, 68% had VUR, 49% had void- 
ing dysfunction, and 26% had both.3°8 When treated 
with double drug prophylaxis, the rate of infection 
was reduced from 17.4 UTIs/100 patient-months to 
3.6 UTIs/100 patient-months (p <0.001). These 
patients were also treated with anticholinergics and 
frequent timed voiding. 


Renal abscess 


In the past the majority of renal abscesses, a rare form 
of renal infection, were not caused by ascending infec- 
tion. Historically, Staphylococcus aureus has been the 
offending agent as a result of hematogenous seeding 
from a peripheral cutaneous site of origin, or seeding 
of the contused renal parenchyma after blunt abdom- 
inal trauma.3?40° Diagnosis is often delayed in these 
patients because urine cultures are negative in most. 
With the advent of early recognition and effective 
therapy, the frequency of staphylococcal bacteremia 
and renal abscesses has decreased. More cases of 
Gram-negative infections in the presence of VUR or 
other anatomic abnormalities of the urinary tract are 
now being seen.*0! 

Most patients with a renal abscess present with 
high fever, leukocytosis, and an elevated ESR, often 
accompanied by flank pain. A variety of imaging tech- 


Figure 7.28 CT scan reveals a filling defect in upper 
pole of left kidney consistent with a renal abscess in a 
child with flank pain and fever. (Reprinted from Rush- 
ton,29” with permission.) 


niques have been used to diagnose renal abscesses, 
including IVP and angiography, gallium-67 scintigra- 
phy, sonography and CT#0?~4% (Figure 7.28). The 
classic treatment of renal abscess has been surgical 
drainage in addition to appropriate antibiotic therapy. 
However, improved antibiotics and diagnostic tech- 
niques, together with the ability to obtain culture by 
percutaneous aspiration or drainage under ultrasonic 
control, have often obviated the necessity for surgical 
intervention. In 7 patients reported by Schiff et al, 10 


Figure 7.29 Sonogram in a 16-year-old girl who pre- 
sented with fever and flank pain. (Top) Sonolucent 
mass in the left upper pole consistent with a renal 
abscess. Needle aspiration under sonographic guid- 
ance yielded purulent material that grew £. coli. Fol- 
lowing 2 weeks of parenteral and 4 weeks of oral 
antibiotic therapy, sonograms 7 weeks later (middle) 
and 17 weeks later (bottom) show progressive resolu- 
tion of abscess cavity. (Reprinted from Rushton,?9” 
with permission.) 
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days of parenteral antibiotic treatment alone followed 
by an additional 2 weeks of appropriate oral therapy 
was successful.40° However, in a review of the litera- 
ture performed by Steele et al, 62% (16/26) of the 
children with renal abscesses ultimately required sur- 
gical intervention.*°” Unfortunately, no controlled 
data exist that rigorously compare the resolution rate 
between children treated with antibiotics alone vs 
those treated with antibiotics and drainage. Cur- 
rently, most cases of renal abscess initially can be 
managed without intervention, percutaneous 
drainage being reserved for persistent infection 
(Figure 7.29). Children who are immunocompro- 
mised by virtue of malnutrition or infection with the 
human immunodeficiency virus (HIV) are at particu- 
lar risk for developing recurrent renal abscesses and 
abscesses containing unusual organisms (Listeria 
monocytogenes) .*°8:409 In these circumstances, more 
aggressive surgical or percutaneous intervention is 
often necessary early to eradicate the infection. 


Treatment in renal failure 


The dynamics of antibiotic detoxification and excre- 
tion are usually deranged in the child with renal fail- 
ure. Antibacterial doses need to be adjusted in such 
patients to avoid adverse reactions. Certain drugs — 
those that are dependent on renal function for efficacy 
— are useless in these patients. The frequency of admin- 
istration of those drugs that are effective in the face of 
renal failure — rather than their dosages — should be 
modified based on the degree of renal insufficiency. 


Dysfunctional elimination 


In addition to appropriate antimicrobial therapy, 
other factors must be taken into consideration in 
patient management. Voiding frequency and control 
of constipation are the two most common variables 
that are readily changeable and may be the most 
important in effecting changes in susceptibility to 
infection, particularly for children who are infrequent 
voiders. Establishing a voiding schedule in children 
may be extremely difficult and may provoke conflict 
in the parent-child relationship. The physician can 
interject his influence by explaining the treatment 
goal to the child and requesting that a regular voiding 
pattern be instituted and maintained. Children should 
be told that they will be reminded by their parents to 
void regularly and that they should follow this request 
even if they do not feel the urge to void at that time. 
Multialarm wrist watches can be a useful and inex- 
pensive reminder for older school-age children. 


The mainstay of treatment of children with recur- 
rent UTIs and underlying bladder instability involves 
the long-term use of anticholinergic medicine, pri- 
marily oxybutynin (Ditropan). Other anticholinergic 
and antispasmodic agents include hyoscyamine 
(Levsinex) and tolterodine (Detrol). Koff et al 
reported that after initial clearing of urinary infection, 
31 of 58 (58%) children with recurrent UTIs and 
uninhibited bladder contractions who were treated 
with anticholinergics alone maintained sterile urine. 
The necessity for long-term antibiotic prophylaxis in 
these patients is then determined by the frequency of 
subsequent recurrences and/or the presence of 
VUR.!°8 For children older than 6 years, the usual 
dosage of oxybutynin is 2.5-5 mg, given two to three 
times daily. A new long-acting formulation, Ditropan 
XL, is now available which only requires once-daily 
dosing. The usual dose for hyoscyamine in this age 
group is one 0.375 mg cap twice daily. Although not 
yet approved for children, tolterodine has been used 
successfully with doses of 1-2 mg twice daily. 
Reportedly, tolterodine has a more specific action on 
the bladder and is associated with fewer side effects. 
Comparative efficacy among these medications has 
not been established in children. Timed voidings 
should always be used in conjunction with anticholin- 
ergic therapy. 

In more difficult cases of voiding dysfunction with 
detrusor—sphincter dyssynergia, pelvic floor relaxation 
biofeedback therapy has been used successfully in the 
treatment of recurrent UTIs.*!° In a recent report, 42 
girls with recurrent UTIs and urodynamically con- 
firmed dysfunctional voiding were treated with a mul- 
timodal approach involving pelvic floor relaxation 
biofeedback, a voiding and drinking schedule, anti- 
cholinergics in those with bladder instability, and 
antibiotic prophylaxis.!!* This combined therapeutic 
approach was effective in preventing recurrent UTIs 
in 35 (83%). 

For constipation, an intensive therapeutic approach 
is often required. Initially, in severe cases, enemas 
given for several days may be necessary to disrupt a 
high fecal impaction and relax an overstretched colon. 
Increased intake of fiber and fluid and regular toilet 
habits must then be instituted. In refractory cases, 
regular use of a fiber-based laxative may be necessary. 
In most cases, these are long-term requirements, and 
failure to continue this regimen generally results in 
recurrence of both constipation and UTI.4!! A recent 
study of 234 constipated and encopretic children 
found that urinary infection was present in 11%, day- 
time urinary incontinence in 29%, and nocturnal 
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incontinence in 34%.!!! During follow-up of at least 
12 months after initiation of treatment for constipa- 
tion, recurrent UTIs were effectively prevented in all 
patients who had no anatomic abnormality of the uri- 
nary tract. Daytime urinary incontinence resolved in 
89% and nocturnal incontinence resolved in 63% of 
patients. 

Urinary stasis for any other reason needs to be 
addressed if infection cannot be otherwise controlled 
with antibiotic prophylaxis. Causes may include 
severe reflux with secondary poor bladder emptying 
(megacystis-megaureter syndrome), dilatation in the 
absence of obstruction, bladder diverticula, or resid- 
ual ureteral stumps. Since otherwise unexplained uri- 
nary infection is so common, it is incumbent upon the 
physician to document the influence of any of these 
entities on infection prior to recommending surgical 
correction. For example, a specimen for culture may 
be obtained by needle aspiration of a dilated, non- 
obstructed upper collecting system to ascertain its 
involvement prior to surgical revision. 


Tuberculosis 


The advent of effective antituberculous agents has 
made genitourinary tuberculosis an uncommon 
occurrence in the Western world. In 1984, 21 197 
cases were reported in the United States and nearly 
2000 people died of the disease.*!2 The infection rate 
in children living in the United States whose parents 
were born there ranges between one and two cases 
per 10000 per year. Genitourinary tuberculosis 
accounts for approximately one-fifth of the cases of 
extrapulmonary tuberculosis.*!? 

Tuberculosis in children occurs most often in lower 
socioeconomic groups. Case rates are higher in black 
children and other minorities than in white children. 
Transmission of tuberculous infection from mother 
to infant via the placenta or amniotic fluid has been 
reported in 130-200 patients.*!? 


Pathogenesis 


Mycobacterium tuberculosis, the tubercle bacillus, is a 
slow-growing, acid-fast organism that is usually 
acquired through inhalation of respiratory droplets 
from an infected person. Renal tuberculosis is always 
preceded by a focus of infection in some other organ 
system, usually pulmonary.*!+ The tubercle bacilli 
gain access to the kidneys by means of hematogenous 
dissemination, and therefore renal infection must be 
considered bilateral in nature. 


Pathology 


Genitourinary tuberculosis occurs in 4-15% of 
patients with tuberculosis;*!>4!¢ it accounts for 73% 
of the cases of extrapulmonary tuberculosis.4!” Renal 
tuberculosis is a late and uncommon complication of 
pulmonary disease, and occurs less than 4-5 years 
after primary infection. Predisposing conditions, such 
as malnutrition, diabetes mellitus, and chronic corti- 
costeroid administration play a significant role in the 
development of genitourinary tuberculosis. Like all 
blood-borne renal infections, the tuberculosis bacil- 
lary emboli are deposited initially in the glomerular 
and cortical arterioles and cause small tubercles to 
develop. These tubercles undergo necrosis, with even- 
tual caseation and cavitation of sloughed material into 
the caliceal walls at the papillary tips. The lesions may 
extend throughout the renal parenchyma and cause 
total destruction of the renal pyramids. Rupture of 
the bacilli into the calyx and collecting system results 
in extension of disease to other calices, renal pelvis, 
ureter, and bladder. 

Local progression results in fibrosis causing steno- 
sis of the caliceal neck, infundibulum, ureteropelvic 
junction, mid-ureter, and ureterovesical junction. 
Ureteral fibrosis results in straightening and shorten- 
ing of the ureter and ultimately produces the classic 
gaping ureteral orifice with vesicoureteral reflux. 
Alternatively, may produce 
hydroureteronephrosis and ultimately non-function- 
ing ‘autonephrectomized’ kidney.*!8 Involvement of 
the bladder by tubercle bacilli causes ulceration and 
bleeding with destruction of the vesical mucosa. 

Tuberculosis of the genital tract is uncommon in 
both sexes before puberty. In males, involvement of 
the genital tract usually occurs either hematogenously 
or through retrograde passage of infected urine 
through the posterior urethra in the prostatic ducts. 
Tuberculous epididymitis or epididymo-orchitis can 
occur in early childhood and may be the initial 
method of presentation. The fallopian tubes are 
involved in approximately 90%, the endometrium in 
50%, the ovaries in 20-30% and the cervix in 2-4% 
of females with genital tuberculosis.*!% 


ureteral stricture 


Symptoms 


The majority of children with genitourinary tubercu- 
losis have no symptoms during the initial infection.4!? 
Due to the lagtime between pulmonary infection and 
the clinical onset of renal tuberculosis, symptoms of 
frequency, dysuria, hematuria, and pyuria occur late 
in the course of disease, when the lesions ulcerate 
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through the calices and renal pelvis, and tubercle 
bacilli are disseminated to the bladder. Genitourinary 
tuberculosis must be suspected in children with ster- 
ile pyuria, draining sinuses, and those with a history 
of tuberculosis elsewhere in the body. One child with 
a tuberculous vesicovaginal fistula and total urinary 
incontinence has been reported.4?° With treatment of 
the tuberculosis, the fistula closed and the inconti- 
nence was corrected. 


Diagnosis 


Microscopic hematuria and pyuria are usually present. 
Routine urine specimens for culture are often nega- 
tive; however, 15-20% of patients with tuberculous 
bacilluria may have coexistent bacterial infection. The 
diagnosis of genitourinary tuberculosis is suggested 
by the demonstration of acid-fast bacilli in the stained 
urinary sediment and is confirmed by culture, usually 
guinea pig inoculation. Collection of fresh morning 
urine specimens appears to be just as accurate as 24- 
hour urinary concentrates in providing the diagno- 
sis.47! The acid-fast tubercle bacilli are discharged 
intermittently, and therefore at least three separate 
specimens should be collected for study. Tetracycline 
and sulfa medications exert mild bacteriostatic effects 
on tuberculosis cultures, and these drugs should be 
discontinued before urine collection.*22 Skin tests for 
tuberculosis (PPD) are usually positive except in cases 
of overwhelming infection, or with human immuno- 
deficiency virus (HIV) infection. The erythrocyte 
sedimentation rate (ESR) may be increased, and 
anemia may be seen in advanced disease. 

Plain films of the abdomen may reveal punctate cal- 
cification overlying the renal parenchyma.#?? In 
approximately 10% of patients with renal tuberculo- 
sis, calculi are present. The earliest radiographic find- 
ings on the excretory urogram are minimal caliceal 
dilatation or erosion of the papillary tip. As the infec- 
tion proceeds, there is increased destruction of the 
calices. With advanced disease, there may be cavita- 
tion and cicatricial deformity of the collecting system, 
progressing to pyonephrosis and non-function. Con- 
versely, a normal excretory urogram does not rule out 
active genitourinary tuberculosis. In patients with 
hydroureteronephrosis or non-functioning renal 
units, ureteral catheterization may be helpful for selec- 
tive urinary collection and retrograde pyelography 
may be necessary to provide accurate delineation of 
pyelocaliceal architecture. 

Cystoscopic examination reveals only minimal 
inflammatory changes in the early stages of disease. 


With coalescence of the tubercles, there may be areas 
of white or yellow raised nodules with a halo of 
hyperemia. With advanced localized disease, bladder 
capacity may become markedly diminished, with fixed 
and incompetent ureteral orifices, mucosal ulceration 


and diffuse cystitis. 


Treatment 


The advent of short-course chemotherapy has 
changed the surgical management of genitourinary 
tuberculosis.42+ The current recommendation is for 
surgery to restore function or to remove irreparable 
disease. Surgery can be performed 6 weeks after the 
start of chemotherapy. 

Antituberculosis drugs inhibit multiplication of 
tubercle bacilli and arrest the course of disease pro- 
gression. Various antituberculosis agents are currently 
available.4!3475.426 The efficacy of combination 
chemotherapy compared with single-drug administra- 
tion has been well documented and treatment with 
orally administered agents is as effective as parenteral 
drug administration. 


Isoniazid 


The dosage of isoniazid (INH) is 10-20 mg/kg of 
body weight per day, up to 300 mg daily, given in 
one dose. The drug is the most effective of the anti- 
tuberculosis agents available and remains the keystone 
of all therapeutic regimens. Isoniazid is metabolized 
in the liver and is excreted primarily through the 
kidney. It is available in liquid form (50 mg/5 ml) 
and in tablets, which may be dissolved in fruit juice or 
water; this makes drug administration easier in 
infants and young children. Peripheral neuritis is the 
most common side effect and is probably caused by 
inhibition of pyridoxine metabolism. Neurotoxic side 
effects have not been reported in children younger 
than 11 years of age, and thus pyridoxine supplemen- 
tation is not recommended unless nutrition is inade- 
quate. Hepatotoxicity, which is seen often in older 
patients, rarely occurs in children. 


Rifampin 


The dosage of rifampin is 10-20 mg/kg/day, up to 
600 mg daily. Rifampin is extremely effective and vir- 
tually non-toxic for administration in children. Rare 
cases of minor hepatic and renal dysfunction and 
thrombocytopenia have been reported. This drug is 
indicated for the initial treatment of genitourinary 
tuberculosis and for cases requiring re-treatment. 
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Rifampin is excreted in the bile and urine and may 
cause orange discoloration of urine, tears and sweat. 
In older females taking rifampin, contraceptive drugs 
should be avoided because rifampin changes the 
kinetics of the estrogen component. 


Ethambutol 


The dosage of ethambutol is 15-20 mg/kg/day, up to 
2500 mg daily, divided into two to three doses. This 
is an extremely effective antituberculosis drug, which 
has replaced p-aminosalicylic acid for use in most 
adults. It is rapidly absorbed and excreted in the 
urine. Optic neuritis is a major toxic effect of etham- 
butol, and monthly visual examinations are required. 
This drug is not recommended for use in small chil- 
dren who are not able to cooperate in examination of 
visual acuity and color vision. 


Streptomycin 


The dosage of streptomycin is 20-40 mg/kg/day 
given intramuscularly, up to 1000mg daily. 
Although streptomycin is still a useful drug for the 
treatment of genitourinary tuberculosis, the risk of 
eighth nerve damage prohibits use of this medication 
for longer than 12 weeks. 


p-Aminosalicylic acid (PAS) 


The dosage of PAAS is 200 mg/kg/day, up to 10 g 
daily. PAS is an effective bactericidal drug for the 
treatment of renal tuberculosis when used in combi- 
nation with other antituberculosis medications. How- 
ever, PAS is not effective when used alone. Major side 
effects are gastrointestinal problems, including 
nausea, vomiting, diarrhea, and anorexia. It is best to 
give PAS after meals and in the form of sodium and 
potassium PAS to decrease gastrointestinal irritabil- 


ity. 


Pyrazinamide 


The dosage of pyrazinamide is 30 mg/kg/day, up to 
2 g/day. The drug is bactericidal, seldom hepatotoxic 
and well tolerated by children. 


Ethionamide 


The dosage of ethionamide is 15-20 mg/kg/day, up 
to a maximum of 1 g/day. The drug is well tolerated 
by children, is bacteriostatic, and occasionally is useful 
for drug-resistant cases. A physician experienced with 
this drug should be consulted prior to its use. 


Other drugs 


Cycloserine, kanamycin, and capreomycin may be 
useful in treating drug-resistant cases of genitourinary 
tuberculosis. 


Specific therapy for genitourinary tuberculosis 


The accepted treatment for genitourinary tuberculosis 
is triple-drug chemotherapy administered daily for 2 
years.4?7 Short-course chemotherapy (6 month treat- 
ment regimen) has been advocated in an attempt to 
(1) increase patient compliance, (2) decrease the cost 
of medication, (3) lower drug toxicity, and (4) pro- 
duce an equally successful regimen comparable with 
the standard therapy.4*44?8 Short-course chemother- 
apy must include rifampin as one of the drugs.*!? 
The recommendation of the American Academy of 
Pediatrics for treatment of genitourinary tuberculosis 
is 9 months of INH and rifampin. In the first 2 
months of therapy, a third drug should be added. 
This may include pyrazinamide, streptomycin, or 
ethambutol in children older than 5 years of age. If 
the infection is associated with HIV infection, treat- 
ment should include three drugs and may need to be 
longer than 9 months.*?° 
The majority of relapses occur within the first 2 
years. Females in the childbearing years should avoid 
pregnancy until therapy is completed.4?? Women who 
are delivered of a baby while they have genitourinary 
tuberculosis may infect the infant with tuberculosis.49° 
With the rapid bactericidal activity of drugs like 
rifampin, recent recommendations call for 1-year 
follow-up unless calcification is seen on abdominal radi- 
ographs.*! If calcification is present, long-term follow- 
up is required to be sure that the disease does not 
progress. During the follow-up period, urinalysis is per- 
formed every 2 months. The upper urinary tracts should 
be monitored prior to, during, and after treatment to 
assess for obstruction because strictures are common. 
Surgical therapy in patients with genitourinary 
tuberculosis is essentially of historical signifi- 
cance. 431-432 The result of chemotherapy are so impres- 
sive that surgical intervention is limited to exceptional 
cases such as ureteral stricture,*!® ureterovesical junc- 
tion reconstruction, or augmentation cystoplasty in 
children with small contracted bladders.*#4 


Xanthogranulomatous pyelonephritis 


Xanthogranulomatous pyelonephritis is an atypical 
form of severe chronic renal parenchymal infection 
characterized by unilateral destruction of parenchyma 
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and accumulation of lipid-laden macrophages (xan- 
thoma cells) either surrounding abscess cavities or as 
discrete yellow nodules. More than 50 cases of xan- 
thogranulomatous pyelonephritis have been reported 
in children.**4+4%° The age of presentation has ranged 
from infancy to 16 years. Most patients present with 
non-specific symptoms of chronic infection, including 
weight loss, recurrent fever, failure to thrive, pallor, 
and lethargy, although those with the focal form often 
appear healthy.44495 A palpable abdominal mass is 
present in approximately one-third of cases. Bacterial 
specimens for culture can be obtained from the urine 
or renal abscess in the majority of cases, with Proteus 
being the most common organism isolated. 

Both diffuse and focal forms of the disease have been 
reported, with the focal form being more common in 
children than in adults.44°497 The pathologic and radio- 
logic differences between focal and diffuse xanthogran- 
ulomatous pyelonephritis have been described.4%8 
Radiologic evaluation in the diffuse form of the disease 
often reveals non-function of the entire kidney. Calcifi- 
cation or stones may be present, although this is less 
common in the focal form of the disease. Characteristic 
sonographic or CT appearances of xanthogranuloma- 
tous pyelonephritis have also been reported.*#? How- 
ever, these features are non-specific and often mimic 
neoplasia or other forms of chronic inflammatory renal 
parenchymal disease. Consequently, the correct diagno- 
sis is seldom made preoperatively. Nephrectomy is cura- 
tive, although partial nephrectomy may be adequate in 
focal disease, assuming that the diagnosis can be estab- 
lished. No incidence of recurrence in the contralateral 


kidney has been reported. 


Appendix: antibacterial agents 


Sulfonamides 


Sulfonamides act by competitively blocking the con- 
version of para-aminobenzoic acid to folic acid.422 
About 75% of the oral dose is absorbed. Free sulfon- 
amide is excreted into urine by filtration and tubular 
secretion. Although high tissue levels are not achieved, 
excellent urine levels result. Sulfonamides are most 
effective against E. coli but also may be effective against 
other Gram-negative and Gram-positive organisms. 
Sulfonamides are well tolerated by children, are inex- 
pensive, and produce few side effects. They affect the 
gastrointestinal flora when used for long-term prophy- 
laxis but are effective agents for short-term acute ther- 
apy of uncomplicated infections. They displace 


protein-bound bilirubin and hence in the neonate have 
the potential to interfere with bilirubin excretion and 
cause jaundice. Once the infant has passed through the 
period of ‘physiologic jaundice,’ these agents can be uti- 
lized safely. Some patients are allergic to sulfa drugs, 
but fortunately most reactions are of a minor cutaneous 
nature, such as urticaria. There have been some prob- 
lems with major hypersensitivity reactions, such as the 
Stevens-Johnson syndrome, but these are rare. The 
most widely used agent is sulfisoxazole, employed in a 
dose of 120-150 mg/kg of body weight per day, given 
acutely in four to six divided doses orally.441-442 


Trimethoprim—sulfamethoxazole 


The TMP-SMX combination is useful both in the 
management of simple cystitis and for long-term 
antibacterial prophylaxis. This combination has a 
diminished effect on bowel flora and offers the advan- 
tage of trimethoprim entering vaginal secretions in the 
adult female.*4° This latter characteristic appears to be 
of particular utility in its effectiveness as a prophylactic 
agent. In addition, trimethoprim has also been shown 
in vitro to induce phase variation of fimbriated E. coli to 
a non-fimbriated state.44+ This and the high concentra- 
tion in vaginal secretions work to prevent vaginal and 
periurethral colonization with organisms that could 
potentially cause urinary tract infection. Trimethoprim 
interferes with dihydrofolic acid reductase, and sulfa 
methoxazole blocks the conversion of para-aminoben- 
zoic acid to dihydrofolic acid. The combination is effec- 
tive against many Gram-negative as well as 
Gram-positive organisms. It is well absorbed, attains 
high levels in both serum and urine, and is well toler- 
ated by children. Neutropenia and thrombocytopenia 
are not uncommon with its use. However, the signifi- 
cance of these changes is unknown.*45 

The combination is available as a suspension con- 
taining 40 mg of trimethoprim and 200 mg of sul- 
famethoxazole per 5 ml. The dose employed in 
children over 2 months of age is TMP 6-12 mg and 
SMX 30-60 mg/kg/day, in two divided doses.#4! 


Nitrofurantoin 


Nitrofurantoin is quite useful in the treatment of 
simple cystitis and is also a very effective agent for 
long-term, low-dose prophylaxis. It is thought to 
interfere with early stages of the bacterial Krebs 
cycle: #2 It is well absorbed from the gastrointestinal 
tract and has minimal effect on bowel flora. Tissue 
levels are low because it is excreted almost entirely in 
the urine by glomerular filtration. Urinary levels tend 
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to be quite high. Urinary alkalinization increases 
urine levels, whereas acidification increases tissue 
levels. It works well against most E. coli and entero- 
cocci but is not particularly effective against Klebsiella, 
Proteus, or Pseudomonas. 

Nausea and vomiting are frequent troublesome side 
effects in children; however, these can be minimized 
by administering the agent immediately following a 
meal or by utilizing nitrofurantoin macrocrystals sup- 
plied in capsule form. For the small child, the con- 
tents of the capsule can be emptied and administered 
in potatoes or apple sauce. 

In neonates, nitrofurantoin has the potential to 
cause a hemolytic anemia because of glutathione 
instability. Consequently, it should not be used in this 
age group. Additionally, the drug is ineffective in 
patients with significant renal impairment. Other side 
effects are rare but do include peripheral neuropathy 
and pulmonary infiltrates. The usual dose in children 
older than 3 months of age is 5-7 mg/kg/day given 
orally in three to four divided doses.*#1 


Penicillin 


The penicillins as a class are probably the most widely 
used antibiotics. All act by blocking mucopeptide syn- 
thesis in the cell walls so that the bacterium is unpro- 
tected from its high internal osmotic pressure. This 
effect occurs only in growing cells. 


Penicillin G 


Extremely high urine levels can be achieved with peni- 
cillin G in patients with normal renal function, and 
under these circumstances this drug may be very effec- 
tive against both E. coli and Proteus. Its major toxic 
effect is allergy manifested by rash or anaphylaxis. 


Ampicillin 

Ampicillin is the most widely used penicillin in the 
treatment of UTIs. It is not well absorbed from the 
gastrointestinal tract; therefore, high fecal levels do 
occur and diarrhea is common. High serum and urine 
concentrations are achievable. This agent should not 
be administered to patients with a known history of 
penicillin allergy. The usual dose is 50-100 mg/kg/day 


given every 6 hours. It can be administered either 
orally or intravenously.*4? 


Amoxicillin 


Amoxicillin is a derivative of ampicillin that is 
absorbed more readily and therefore produces less 


diarrhea. It is administered orally in a dose of 
20-40 mg/kg/day every 6-8 hours.*4? 


Carbenicillin 


Carbenicillin is an agent that may be useful in the treat- 
ment of Pseudomonas and indole-positive Proteus; how- 
ever, its usefulness is often diminished by the emergence 
of resistant strains. It is available as tablets and as a par- 
enteral solution. When it is used parenterally for UTI in 
children, the usual dose is 50-200 mg/kg/day given 
every 4 hours; for severe infections, the dose can be 
increased to 400-500 mg/kg/day. The oral form is 
not predictably effective in children. 


Ticareillin 


Ticarcillin is available for parenteral therapy only. 
Like carbenicillin, it is active against Pseudomonas and 
indole-positive Proteus, which may be resistant to 
other drugs. It is often used with an aminoglycoside 
for a synergistic effect. This combination may also 
delay the emergence of resistant strains. Sodium over- 
load is less likely to occur with ticarcillin compared 
with carbenicillin. The usual dose in children for 
treatment of UTI is 50-100 mg/kg/day given every 
4-6 hours. In life-threatening infections, the dose can 
be increased to 200-300 mg/kg/day.*4° 


Piperacillin 


Piperacillin has essentially the same antimicrobial 
spectrum as carbenicillin and ticarcillin, but is more 
effective on a weight basis. Piperacillin may have 
some advantage in allowing lower doses and therefore 
less sodium load compared with carbenicillin and 
ticarcillin. The dosage in children is 50 mg/kg/day 
given every 4-6 hours.4?° 


Cephalosporins 


Cephalosporins are usually effective against most of 
the Gram-negative and many of the Gram-positive 
pathogens. Excretion is by both glomerular filtration 
and tubular secretion. Although there can be some 
cross-reactivity in patients who are allergic to peni- 
cillin, in general these agents can be cautiously admin- 
istered to patients with penicillin allergy. 


Oral drugs 


Oral cephalexin, a ‘first-generation’ cephalosporin, is 
well absorbed from the gastrointestinal tract, and can be 
given in a dose of 25-50 mg/kg/day every 6 hours.*#! 
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Cefaclor, a ‘second-generation’ oral cephalosporin, is 
somewhat more active against Gram-negative bacteria 
but is more expensive than cephalexin. The dosage is 
20-40 mg/kg/day given every 8 hours.*#! Other oral 
cephalosporins include cephradine (first generation) 
and cefadroxil (second generation). A new ‘third-gener- 
ation’ cephalosporin for oral administration, cefixime, is 
now available. In addition to broader coverage of 
Gram-negative organisms, an advantage of cefixime is a 
prolonged half-life, allowing for once- or twice-daily 
dosage. The recommended dose for children is 
8 mg/kg/day in one or two divided doses.447 


Parenteral drugs 


Numerous cephalosporins are available for parenteral 
use. The first-generation cephalosporins (cephalothin, 
cefazolin, cepharadine, cephapirin) are useful agents 
for urinary infections caused by most strains of E. col, 
Klebsiella, and Proteus, but not Pseudomonas. As with all 
cephalosporins, they are inactive against enterococci. 
The second-generation parenteral cephalosporins 
(cefamandole, cefoxitin) are more active than the first- 
generation agents against many enteric Gram-negative 
bacteria, but not Pseudomonas. Cefoxitin is the most 
active cephalosporin against anaerobes, including Bac- 
teroides fragilis. There are a number of new third-gen- 
eration cephalosporins (cefoperazone, cefotaxime, 
ceftazidime, ceftriaxone). These drugs have been 
developed because of their relatively greater activity 
against Gram-negative bacteria. Although most retain 
some activity against Gram-positive bacteria, they are 
much less active than first-generation cephalosporins 
for staphylococci or other Gram-positive bacteria. Cef- 
triaxone has a longer half-life, allowing for once- or 
twice-daily dosage. It is also more active than cefoper- 
azone against most Gram-negative bacteria. 


Other cephalosporins 


There are so many new cephalosporins that it is diffi- 
cult to choose among them. It is recommended that 
the physician become familiar with the use of one oral 
and one parenteral drug in each generation. Dosage 
in children varies with each cephalosporin. 


Aminoglycosides 


The aminoglycosides are well tolerated by children 
and are of special utility in the treatment of compli- 
cated gram-negative UTI. They interfere with protein 
synthesis by binding proteins of the bacterial ribo- 
somes. 


Gentamicin 


Gentamicin is probably the most widely used of the 
aminoglycosides in children and is especially effective 
against Pseudomonas. The usual pediatric dose is 
5-7.5 mg/kg/day parenterally in two divided doses, 
depending upon age.**! It achieves high tissue con- 
centration and can be ototoxic, particularly to the 
vestibular cells. Nephrotoxicity also occurs in a small 
percentage of patients and should be watched for by 
checking serum creatinine periodically during the 
course of therapy. Nephrotoxicity occurs particularly 
frequently when gentamicin is given in combination 
with cephalosporins. Both ototoxicity and nephrotox- 
icity are usually transient. 


Tobramycin 


Tobramycin has the advantage of particular efficacy 
against Pseudomonas. It is said to be less nephrotoxic 
than gentamicin.*48 The dosage is 4-7.5 mg/kg/day 
given every 8-12 hours, depending upon age.**! 


Amikacin 


A newer aminoglycoside, amikacin, was developed to 
improve activity against emerging resistant strains of 
Pseudomonas. As with other aminoglycosides, it is 
potentially both nephrotoxic and ototoxic. The 
dosage is 15-22.5 mg/kg/day given every 8-12 
hours, depending upon age.*#! 


Nalidixic acid 


Nalidixic acid is an antibacterial agent that produces 
good urinary levels and is effective against Gram-neg- 
ative organisms. It is especially effective against Pro- 
teus. Previous negative reports regarding the 
effectiveness of this agent can probably be accounted 
for by inadequate dosage. Nalidixic acid is readily 
absorbed from the gastrointestinal tract and is well 
tolerated by children. It is rapidly inactivated by the 
liver. It is thought to interfere with DNA synthesis. 
The development of pseudotumor cerebri has been 
reported as a complication of its use in children. 
Nalidixic acid is available in both tablet and suspen- 
sion form. The recommended dose is 55 mg/kg/day 
in four divided doses.**! 


Methenamine mandelate and 
methenamine hippurate 


These agents are readily absorbed from the intestinal 
tract and remain inactive until they are excreted by the 
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kidney and concentrated in the urine. Methenamine is 
converted to the bactericidal agent formaldehyde in 
acidic urine; however, this conversion takes a mini- 
mum of 2 hours to achieve adequate bactericidal 
levels. Mandelic and hippuric acids are urinary acidi- 
fiers that have some additional inherent but weak 
antibacterial agent. Efficacy of methenamine may be 
enhanced further by supplementary urinary acidifica- 
tion, such as with ascorbic acid. Both can cause 
dysuria when administered in high doses, and 
methenamine mandelate has, on rare occasions, pro- 
duced hemorrhagic cystitis.4° The recommended 
dose for these agents initially is 100 mg/kg/day given 
orally in four divided doses, followed by 
50 mg/kg/day in four divided doses.*! 


Tetracyclines 


Tetracyclines should not be used in children under 8 
years of age because they stain the permanent teeth. 
The need for tetracycline is extremely unusual in 
modern-day pediatrics. 
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Fungal infections of the urinary tract 


Candidiasis 


Pediatric fungal inflammations of the genitourinary 
tract are becoming more common with both the 
increasing number of preterm infants surviving 
aggressive intensive care unit (ICU) management and 
the increasing number of immunocompromised chil- 
dren living with either malignancies, human immuno- 
deficiency virus (HIV), or solid organ and bone 
marrow transplantation. Preterm neonates are often 
intubated for weeks, receive long-term hyperalimen- 
tation, and receive broad-spectrum antibiotics. Baley 
et al! report that systemic candidiasis will develop in 
as many as 4% of those weighing 1500 g and 10% of 
those weighing 1000 g. Prolonged survival of pro- 
foundly immunocompromised pediatric patients has 
likewise led to the emergence of fungal infections as 
the major cause of mortality and morbidity in 
advanced disease states. Candida is the leading blood- 
stream isolate from children hospitalized with oppor- 
tunistic infections.? 

Candida albicans is a yeast that belongs to the com- 
mensal flora of the mouth, intestinal tract, vagina, and 
skin. Candida is the most common of the oppor- 
tunistic mycoses. Systemic disease occurs almost 
exclusively in patients with impaired host resistance. 
Conditions that predispose to candidemia include 
contamination of intravenous catheters, long-term 
antibiotic therapy, steroid administration, immuno- 
suppressive agents, cytotoxic drug therapy, burns, 
and open surgical wounds.? Mokaddas et alt have also 
identified ICU stay, prior broad-spectrum antibiotic 
therapy, and surgery on the gastrointestinal tract as 
being additional risk factors for candidemia in the 
pediatric surgery patient. 


The diagnosis of candiduria is made by urine cul- 
ture. In the neonate, urine is obtained by suprapubic 
bladder tap or by percutaneous renal aspirate if renal 
candidiasis is suspected. Colony counts of greater than 
10 000 Candida per 1 ml of urine signify infection." 
Colony counts of 15000/ml in midstream voided 
urine in males or straight catheterized specimens in 
females are evidence of renal Candida infection.® 
Urine specimens taken from indwelling catheters may 
have colony counts as high as 100 000/ml with no rela- 
tionship to upper tract candidal infection. 

Pediatric patients with renal candidiasis present with 
symptoms of urosepsis. Ureteral obstruction due to 
fungus ball infestation has been reported.” Anuria in 
infants can result from bilateral pelvic fungus balls.8 
Radiologic evaluation of these patients with ultrasound 
may demonstrate unilateral or bilateral hydronephro- 
sis with an intrapelvic mass. Renal scan generally 
demonstrates that the involved kidney exhibits poor 
function. In patients with localized candidal cystitis, 
symptoms often consist of urinary urgency, frequency, 
and dysuria, or may be asymptomatic. 

The treatment of candiduria is dependent on the 
extent of the infection. Candiduria that occurs in oth- 
erwise healthy children after long-term broad-spec- 
trum antibiotic therapy should clear after the use of 
the antibiotic has stopped and usually requires no 
treatment except for local care when secondary skin 
irritation occurs. Infections limited to the bladder may 
be controlled and eradicated by urinary alkalinization 
and/or intermittent instillation or irrigation with a 
solution of amphotericin B (5% in sterile water, 
shielded from light) via a three-way bladder catheter 
or intermittent catheterization.? Candidiuria confined 
to the upper collecting system may require treatment 
with oral 5-flucytosine (5-FC) or nephrostomy irriga- 
tion with amphotericin solution; however, 5-FC 
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should not be used in children with azotemia or bone 
marrow depression. Infants with obstructing renal 
fungus balls may at times require surgical removal via 
pyelotomy or percutaneous aspiration, followed by 
nephrostomy tube irrigation. Alkalay et all? also 
report the therapeutic use of forced diuresis with 
furosemide to clear fungus balls from the renal pelvis. 
Fluid intake and furosemide therapy were adjusted to 
keep a urine output at a level of 4 ml/kg/h to wash out 
the fungal bezoar. 

The treatment of choice for systemic candidiasis is 
intravenous amphotericin B with or without the addi- 
tion of 5-FC. Amphotericin B is nephrotoxic and 
must be carefully titrated to obtain appropriate serum 
levels. Peak serum levels should be twice the mean 
inhibitory concentration for the infectious organism 
and trough levels should be equal to the mean 
inhibitory concentration. The duration of therapy is 
dependent upon the extent of the disease; however, 
administration is often required for several weeks to 
eradicate systemic infections. Toxic side effects 
include fever, nausea and vomiting, generalized 
malaise, and renal failure. Monitoring of serum crea- 
tinine on an every other day schedule is necessary. 

Other antifungal medications exist for the treat- 
ment of candidiasis. These include fluconazole, which 
has less associated nephrotoxicity and is therefore pre- 
ferred by some physicians. Its use has steadily 
increased in such closed populations as the neonatal 
nursery. The gold standard of treatment still remains 
amphotericin B in the management of neonatal can- 
didiasis, as the incidence of fluconazole resistance will 
probably increase given its recent widespread use in 
the neonatal nursery. -12 


Aspergillosis 


Aspergillosis refers to a group of diseases caused by 
mycelial fungus of the genus Aspergillus. Aspergillosis 
is the second most common fungal infection in 
immunocompromised children.!8 Aspergilli are dis- 
tributed worldwide, and spores are readily isolated 
from soil and decaying plants. Outbreaks of invasive 
disease usually occur among groups of immunocom- 
promised children as a result of exposure to aerosolized 
spores at large construction sites near hospitals. Once 
the infection is acquired from inhalation of airborne 
spores, it is widely disseminated through hematoge- 
nous spread. The organisms may also be introduced 
through operative wounds, or indwelling foreign 
bodies such as intravenous or urinary catheters. 
Microscopic hematuria and pyuria are often present 


in patients with aspergillosis. The fungi may be iden- 
tified as branched septate hyphae on potassium 
hydroxide preparations of infected urine. Results of 
urine cultures are often inconclusive and multiple cul- 
tures may be required to make a diagnosis. Obstruc- 
tive uropathy resulting from an aspergilloma in the 
renal pelvis may be the initial mode of presentation.!* 
Invasive aspergillosis of the renal parenchyma is char- 
acterized by focal microabscess formation and occa- 
sional papillary necrosis. 

Treatment of invasive aspergillosis remains high- 
dose intravenous amphotericin B. In patients with 
fungus balls in the renal pelvis, upper tract irrigation 
through a nephrostomy tube is indicated. Percuta- 
neous or open surgical removal of obstructing 
aspergillomas is sometimes indicated. 


Coccidioidomycosis 


Coccidioidomycosis is an infection caused by a 
dimorphic fungus, Coccidioides immitis, that is found 
in the soil of the Western Hemisphere. Endemic areas 
in the United States are confined to the southwestern 
states, including Texas, New Mexico, Arizona, and 
California. 

Genitourinary involvement occurs with dissemi- 
nated disease. Autopsy studies!> of patients with dis- 
seminated coccidioidomycosis indicate that renal 
involvement occurs in approximately 60% of the 
cases. Fungal involvement of the kidney is confined to 
the cortex as small miliary granulomas or microab- 
scesses. Large, obstructive lesions within the renal 
pelvis do not occur as with other fungal infections. 
The radiographic findings of advanced renal coccid- 
ioidomycosis are similar to those of renal tuberculo- 
sis. They include infundibular stenosis, blunted or 
sloughed calices, and calcified granulomas. 

Antifungal chemotheraphy is indicated for those at 
high risk for severe coccidioidomycosis and those 
with recognized disseminated disease. Currently avail- 
able antifungal agents for use in treatment of coccid- 
ioidomycosis include amphotericin B, fluconazole, 
and ketoconazole. In the pediatric patient with 
rapidly progressing coccidioidomycosis, it is generally 
agreed that amphotericin B should be administered. 


Parasitic infections of the urinary tract 


Schistosomiasis 


Schistosomiasis is a parasitic disease that infects more 
than 200 million individuals, primarily children and 
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young adults. Urinary schistosomiasis, or bilharziasis, 
is a vascular parasitic infection caused by the blood 
fluke Schistosoma haematobium. The disease is endemic 
in Egypt and has spread to areas of Africa, Asia, 
South America, and the Caribbean. Prevalence is 
increasing in many areas, as population density 
increases and new irrigation projects provide broader 
habitats for vector snails. Rare cases are seen in the 
United States and always originate from an endemic 
area. 

Humans are infected through contact with water 
contaminated with crecariae, the free-living infective 
stage of the parasite. These organisms emerge from 
infected snails and penetrate the intact human skin. 
The crecariae change into schistosomula in the subcu- 
taneous tissues and then migrate to the portal circula- 
tion where they reach sexual maturity. Adult worms 
then migrate to the perivesical and _periureteral 
venous plexus. Upon fertilization, female worms 
deposit eggs in the small venules which eventually 
reach the lumen of the urinary tract. Eggs are passed 


into freshwater, where they hatch, infect freshwater 
snails, and begin the cycle anew (Figure 8.1). 
Humans become infected with Schistosoma after 
coming in contact with contaminated water. Children 
of any age are most at risk due to activities such as 
swimming, bathing, and drinking this water. Acute 
schistosomiasis occurs between 3 and 9 weeks after 
infection and coincides with deposition of eggs in the 
bladder wall. The classic findings are terminal hema- 
turia and dysuria. Bleeding can be so severe as to 
result in anemia. During the inactive phase of the 
infection, fibrosis and contracture of the bladder and 
distal ureter occur. The disease process is insidious 
and gross hydroureteronephrosis with renal insuffi- 
ciency may occur before clinical symptoms appear. 
Vester et al!® recently defined the prevalence of 
schistosomiasis infection in an endemic region of Mali 
by screening 824 villagers. Infection ranged from 
77% in adolescents to 51% in adults older than 40 
years of age. Intensity of infection was generally low, 
with 91% excreting less than 100 ova per 10 ml 
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Figure 8.1 The life cycle of the schistosome. (Used with permission of the US Department of Health & Human Ser- 
vices, Public Health Services Publications, US Government Printing Office, Washington, DC, 1964.) 
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urine. Bladder wall enlargement and irregularities, 
bladder masses, and dilatation of the upper tracts 
were found ultrasonographically in approximately 
one-third of the individuals. Bladder lesions were 
more frequent in children than adults and correlated 
well with the intensity of the infection in younger age 
groups. The prevalence of urinary tract pathology 
dropped significantly with age, suggesting that either 
spontaneous resolution of urinary tract pathology 
occurs or the incidence in the population is increas- 
ing. 

Schistosoma eggs produce a pronounced 
eosinophilic infiltrate within the bladder wall. As the 
disease progresses, collagen infiltration of the bladder 
occurs. There is deposition of calcareous material and 
ultimately sclerosis of the bladder due to calcification. 
Mucosal hyperplasia, squamous metaplasia, and 
epithelial dysplasia of the urothelium may occur at 
any stage of the disease process. Involvement of the 
trigone and bladder neck is most pronounced. Even- 
tual bladder neck fibrosis may lead to outlet obstruc- 
tion. Stasis of urine and urinary infections can 
predispose these patients to vesical calculi, whereas 
chronic bladder irritation predisposes these patients 
to squamous cell carcinoma. Vesicoureteral reflux is 
commonly reported in up to 50% of these patients as 
a result of fibrosis and lateral displacement of the 
intramural ureter.!7 

The diagnosis of schistosomiasis is established by 
the presence of terminal-spined eggs in the urine. A 
24-hour urine collection with microscopic examina- 
tion of the sediment is recommended. If infection is 
suspected and evaluation of the urine is negative, then 
cystoscopy and bladder biopsy may be performed. 
Peripheral blood examination will usually show 
eosinophilia. Anemia may be present with chronic 
infection due to destruction of erythrocytes by the 
blood fluke. 

Calcification of the bladder wall presenting an 
eggshell appearance on plain film of the lower 
abdomen is classic for chronic urinary schistosomia- 
sis. Hydronephrosis secondary to ureteral stricture 
may be found on imaging studies of the urinary tract. 
On cystoscopic evaluation of the bladder, bilharzial 
tubercles predominate over the trigone and posterior 
bladder wall.!” Overdistention of the bladder results 
in bleeding. In patients with chronic disease, fibrosis 
and calcification of the tubercles in the submucosa 
form dull, granular ‘sandy patches’ that resemble 
grains of sand under water. 

Various drugs are available for the treatment of uri- 
nary schistosomiasis. Most carry with them significant 


side effects. Management of children with schistoso- 
muasis should be based on an appreciation of the 
intensity of the infection and the extent of the disease. 
The current drug of choice is praziquantel, which is 
effective against all species of Schistosoma. It is admin- 
istered orally as a single or divided dose to a total of 
40-60 mg/kg.!8 

Surgical intervention in schistosomiasis should be 
reserved until the effects of medical management can 
be assessed. Fibrosis and contracture of the bladder 
may require autoaugmentation, intestinal augmenta- 
tion, or bladder replacement. Bilharzial strictures of 
the lower ureter can produce obstructive uropathy. 
Extensive fibrosis of the ureteral wall and the bladder 
mucosa usually precludes ureteroneocystostomy by 
traditional submucosal tunneling. Bazeed et all? sug- 
gest a method of partial flap ureteroneocystostomy to 
alleviate the obstruction. They report it to be effective 
in improving or stabilizing the upper tracts in 83% of 
individuals. Vesicoureteral reflux may develop in as 
many as 30% of these individuals after surgery. 


Echinococcosis 


Echinococcosis is the most prevalent human cestode 
infection in the world. It is commonly called hydatid 
cyst disease. There is virtually no part of the human 
anatomy that is immune from hydatid cyst disease. It 
is caused by the dog tapeworm Echinococcus granulo- 
sus. Although uncommon in the USA, it is endemic in 
the sheep-raising areas of the world such as 
Argentina, Australia, Spain, and Greece. 

Humans are an intermediate host for the larval eggs 
of the adult tapeworm. The adult tapeworm lives in 
the intestinal tracts of dogs and sheds larval eggs 
which are excreted in the dog feces. Humans, as well 
as sheep, cattle, and pigs, may accidentally ingest 
these larval eggs through orofecal contamination. 
Dogs initially acquire the disease by swallowing the 
parasite scolices, which have become encysted in the 
liver or lungs of sheep, thus completing the life cycle 
of this parasitic worm. 

In humans, the larval eggs pass through the intesti- 
nal wall and are widely disseminated throughout the 
body. Dissemination may occur by direct, vascular, or 
lymphatic invasion.?° The primary organ affected in 
humans is the liver. Genitourinary involvement has 
been documented in the kidney, ureter, bladder, 
prostate, and epididymis.*! The most common loca- 
tion for hydatid cyst disease in humans is the kidney. 
It is estimated that approximately 3% of all 
echinococcal infection involves the kidney.?? 
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The largest series of pediatric echinococcosis was 
reported by Auldist and Myers,?? who document 114 
cases of hydatid cyst disease. Children of all ages were 
infected; however, manifestations of the disease are 
infrequently evident in children under 5 years of age. 
This is probably a result of the slow growth pattern of 
the hydatid cyst. The growth rate of hydatid cysts is 
estimated at 1 cm/year.”4 The cyst is typically very 
large at the time of initial presentation. The most 
common site of genitourinary infestation in the pedi- 
atric population is also the kidney. Hydatid cysts of 
the kidney usually present as a painful flank mass. 
Microscopic hematuria is present in the majority of 
the cases. Acute flank pain may be caused by rupture 
of the hydatid cyst into the collecting system. The 
passage of scolices (daughter cysts) may be associated 
with gross hematuria and urinary obstruction.2° 

Sonography has proved to be the most valuable 
tool in the diagnosis of hydatid disease. Hydatid cysts 
are easily uncovered on ultrasonographic evaluation 
of the abdomen in children. The coexistence of 
hydatid disease in other organs assists in the diagno- 
sis. Plain films or computed tomography (CT) of the 
abdomen and pelvis may also reveal calcification 
within the walls of these cysts. The diagnosis of 
echinococcosis is usually suspected when there is a 
history of contact with sheep dogs in an endemic area 
of the world. 

As humans are infected with only an intermediate 
stage of Echinococcus, the actual parasite cannot be 
routinely recovered from any easily accessible body 
fluid. If the hydatid cyst has ruptured into the collect- 
ing system, the recovery of scolices from the urine is 
pathognomonic for genitourinary echinococcosis. 
Serologic studies can also be useful in confirming the 
diagnosis of echinococcosis. Apt and Knierim”® 
report that eosinophilia is present in one-third of the 
children affected with echinococcosis. 
hemagglutination and enzyme-linked immunosor- 
bent assay (ELISA) testing are the most sensitive 
immunologic methods to diagnose human hydatido- 
sis; however, false-positive reactions with other para- 
sitic infections are possible.?° Immunoelectrophoresis 
to detect specific antibodies against antigens isolated 
from hydatid cyst fluid is currently the most specific 
method of diagnosis of echinococcosis.?” 

Albendazole is the preferred drug for medical man- 
agement of cystic hydatidosis. This drug therapy 
(15 mg/kg/day divided in three doses for 28 days) 
may be repeated for as many as four courses with 15 
day drug-free intervals. A positive response may be 
seen in 40-60% of pediatric patients treated.?* Ultra- 


Indirect 


sonographic indications of successful therapy include 
flattening of the cyst, increase in echogenicity, and 
detachment of membranes from the cyst capsule. The 
factors predictive of success with chemotherapy are 
age of the cyst (>2 years old), low internal complex- 
ity of the cyst, and small size.?8 

Although previously thought to be contraindicated 
because of risk of anaphylaxis, percutaneous drainage 
of cysts under ultrasound guidance during albenda- 
zole therapy has become increasingly more successful 
for complete resolution of cystic disease. Spillage of 
cyst fluid is uncommon during aspiration. Neverthe- 
less, systemic anaphylactic reactions are always possi- 
ble with spillage of cyst fluid. 

Surgical therapy is also an option for solitary 
lesions or failed medical management. Considerable 
care must be taken at the time of surgical resection to 
assure that there is no rupture of the cyst or spillage 
of cyst fluid during removal, as viable protoscolices 
may contaminate the surgical field, each capable of 
forming a secondary cyst wherever it lodges. There is 
also a risk of developing anaphylaxis as a result of 
spillage of cyst fluid at the time of surgical resection. 


Enterobiasis 


Pinworm infestation (enterobiasis) is caused by the 
nematode Enterobius vermicularis. 
infected by ingesting the eggs, which are usually car- 
ried on fingernails, clothing, or bedding. The adult 
worm lives in the large intestines of humans. The 
gravid adult female worm migrates at night to the 
rectum and deposits her eggs in the perianal and per- 
ineal skin. Perianal irritation during oviposition by 
female worms induces scratching. Eggs carried under- 
neath the fingernails promotes reinfection and dis- 
semination of the disease to others. The peak age of 
infection is between 5 and 14 years of age. 

Enterobiasis has been implicated as a factor in acute 
and chronic urinary tract infections (UTIs). In a study 
of female children, Kropp et al? demonstrated that 
22% of girls with documented UTIs had pinworm 
infestations compared with only 5% of an age- 
matched control population. They also report that the 
recovery of pinworms from the perianal region is 
higher in girls with enteric organisms present on a 
swab of their introitus. 

Definitive diagnosis is established by either finding 
the parasitic eggs or recovering worms. Eggs can be 
easily detected by pressing adhesive tape against the 
perianal region early in the morning. The tape is then 
applied to a glass slide and it is examined under low- 
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power magnification. Repeated examinations, usually 
totaling three, are necessary to make a negative diag- 
nosis. 

Drug therapy should be given to all infected indi- 
viduals. Pyrantel pamoate (11 mg/kg or maximum 
dose of 1 g) with a repeat dose at 2 weeks is the drug 
treatment of choice. Mebendazole (100 mg dose) 
with a repeat dose at 2 weeks is an alternative treat- 
ment. Neither is recommended in children under 2 
years of age. Kropp et al”? report a greater than 50% 
success rate in eradicating multiple recurrent UTIs in 
girls with concomitant pinworm infestation when the 
infestation is definitively treated. 


Other inflammatory diseases of the 
urinary tract 


Chlamydial infection 


Chlamydia are obligate intracellular bacteria that are 
distinguished by a unique developmental cycle. 
Although they possess their own DNA and RNA, 
contain ribosomes, and have a cell wall, they lack the 
ability to generate adenosine triphosphate (ATP) and 
are therefore considered an energy parasite. Chlamy- 
dia alternate between an infectious metabolically inac- 
tive extracellular form, the elementary body (EB), and 
a non-infectious, metabolically active form, the retic- 
ulate body (RB). It is the EB that binds to specific 
receptor proteins on the cell membrane and enters the 
cell by endocytosis. Within 12 hours of ingestion, the 
EB then differentiates into the RB form and under- 
goes binary fission. This results in the typical intracy- 
toplasmic inclusion bodies characteristic of a 
chlamydial infection. After approximately 36 hours, 
the RB differentiates back into an EB and is then 
released from the cell by a process of exocytosis. 

Chlamydia trachomatis is the only one of the four 
chlamydial species that commonly infects the human 
genitourinary tract and causes human oculogenital 
diseases. Chlamydia trachomatis is thought to be 
responsible for the majority of non-gonococcal ure- 
thritis and pelvic inflammatory diseases in adoles- 
cents. Rettig and Nelson? also documented the 
coexistence of Chlamydia in boys with anogenital 
gonorrhea. 

Chlamydial infections in children should be divided 
into two categories: perinatally transmitted infections 
and sexually transmitted infections in older children. 
Cervical chlamydial infections are reported in approx- 
imately 25% of pregnant women. Active chlamydial 


infections at the time of pregnancy may be transmit- 
ted to the infant at the time of vaginal delivery. The 
risk of transmission from mother to child is about 
50%.°! Conjunctivitis and pneumonia are the most 
common perinatally transmitted chlamydial infec- 
tions. Genitourinary sites of perinatal transmission 
include the vagina and urethra. Perinatally transmit- 
ted vaginal, urethral, or rectal infections may persist 
for 3 years with minimal or no symptoms; therefore, 
the presence of Chlamydia is not necessarily an indi- 
cation of child abuse. 

The most common chlamydial infections in older 
infants and children include vaginitis in girls and ure- 
thritis and epididymitis in boys. In boys, the most 
common symptom of chlamydial urethritis is a clear 
mucoid urethral discharge. It may be associated with 
or without urinary urgency and frequency. In girls, 
acute inflammatory changes in the vagina or cervix 
may lead to mucopurulent discharge. 

The definitive diagnosis of chlamydial infection 
includes isolation by culture of the organism from the 
urethra in boys and endocervical region in girls. Sev- 
eral non-culture methods have also been approved by 
the US Food and Drug Administration (FDA) and 
include a direct fluorescent antibody test or an 
enzyme immunoassay. Newer tests for the diagnosis 
of chlamydial infections include a DNA probe and a 
polymerase chain reaction assay. These two assays 
have not yet been approved for testing in children. 

Antibiotics are the mainstay of therapy for chlamy- 
dial infections in children. These antimicrobials, usu- 
ally sulfonamides, erythromycin, and tetracyclines, are 
typically given for 10-14 days; tetracyclines should 
not be administered to children under the age of 8 
years because of the resulting dental discoloration that 
may occur. 


Viral cystitis 


Viral cystitis causes irritative voiding symptoms and 
hematuria in infants and children. In the toilet-trained 
and older child, it is characterized by severe urinary 
frequency, urgency, incontinence, and gross hema- 
turia with a negative urine culture for bacteria. Severe 
hemorrhagic viral cystitis is seen more frequently in 
pediatric patients undergoing bone marrow trans- 
plantation.*? Viral cystitis also commonly occurs in 
the child infected with HIV. Viral infections can 
often be life threatening in these immunocompro- 
mised patients. 

The usual causative viruses are adenovirus types 11 
and 21, influenza A, and cytomegalovirus.** Studies 
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of acute hemorrhagic cystitis in Japanese and US chil- 
dren revealed adenovirus type ll as the most 
common cause. It was noted that 51% of the Japan- 
ese children and 23% of the US children had adeno- 
viruria during their episode of hemorrhagic cystitis. 
In both populations male outnumbered female 
patients by a ratio of nearly 2-3:1.33 Viral shedding 
may continue throughout the duration of the illness 
and may last from 4 days to 2 weeks. Herpes zoster 
involving the bladder may also cause bladder irritative 
symptoms. 

The diagnosis of adenoviral cystitis can be made by 
the immunofluorescence of adenoviral antigen in 
exfoliated bladder epithelial cells in the urine of these 
patients, although this is not commonly done.*4 Since 
viral cystitis is not an ascending infection, routine 
voiding cystourethrography (VCUG) as part of the 
evaluation is not necessary if the diagnosis is con- 
firmed. Radiographic changes within the bladder are 
remarkable and often resemble that of a bladder sar- 
coma, and ultrasonography may show a diffusely 
thickened bladder wall (Figure 8.2). These changes 
usually resolve within 2-3 weeks. If complete resolu- 
tion of sonographic bladder wall thickening occurs, 
then cystoscopy is unnecessary. These infections are 
self-limited and supportive care with hydration is 
often all that is necessary. 

Polyoma BK virus is frequently identified in the 


Figure 8.2 Diffusely thickened bladder wall of a 6-year- 
old boy with adenovirus cystitis. 


urine of bone marrow transplant patients with hem- 
orrhagic cystitis. The diagnosis of BK viruria is 
made by identification of epithelial cells within the 
urine containing intranuclear inclusion bodies sugges- 
tive of BK virus and a positive polymerase chain reac- 
tion test for BK virus in the urine. Arthur et al*® 
report that the viruria occurred exclusively in patients 
who were seropositive at transplantation, indicating a 
reactivation of the virus. Many immunocompromised 
patients do not respond to traditional therapies for 
hemorrhagic cystitis and may progress to acute renal 
failure (Figure 8.3), which may be fatal.97 

The immunocompromised pediatric patient may 
require additional management. The use of ribavirin, 
an intravenous antiviral agent, has been suggested for 
treatment of acute adenovirus hemorrhagic cystitis.>8 
If treatment with aggressive fluid hydration and 
forced diuresis with furosemide has failed to control 
symptoms of hemorrhagic cystitis, some clinicians 
have advocated the instillation of prostaglandin E, 
into the bladder for up to 7 days*® before resorting to 
chemical fulguration with alum or formalin for those 
with intractable bleeding. Laszlo et al*? have recom- 
mended direct instillations of prostaglandin E, into 
the bladder of patients infected with BK virus pre- 
senting with hemorrhagic cystitis. They report resolu- 
tion of hematuria in all cases within 5 days of initial 
treatment. Novel therapies such as hyperbaric oxygen 
treatment have also been reported in cases that are 
refractory to all conventional treatments.*! 


Eosinophilic cystitis 


Eosinophilic cystitis is a rare inflammatory disorder of 
the urinary bladder, also characterized by irritative 
voiding symptoms. Symptoms are non-specific, with 
the most common being dysuria, frequency, lower 
abdominal discomfort, and hematuria.4? Children 
may present with a palpable suprapubic mass on 
physical examination. Occasionally, this may be mis- 
taken for a pelvic sarcoma.*? Often the child will have 
a history of allergies. Eosinophils in the urine or 
peripheral blood eosinophilia, although diagnostically 
helpful, are frequently not found.# 

Imaging studies of the bladder usually begin with 
sonography. Focal thickening of the bladder wall may 
be evident as well as hydronephrosis and hydroureter 
if the lesion affects the region of the ureteral orifice. 
These findings are similar to those of bladder sar- 
coma.*> The definitive diagnosis is established by cys- 
toscopy and bladder biopsy. Cystoscopic findings 
include erythematous, velvety, raised plaques. The 
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Figure 8.3 Urinary sonography of a 4-year-old boy s/p status post bone marrow transplant with hemorrhagic cysti- 
tis due to BK viruria. (a-c) Bladder, right kidney, and left kidney at time of initial presentation; (d-f) bladder, right 
kidney, and left kidney at time of death due to renal failure. 


mucosa is often edematous with areas of ulceration. 46 Biopsy shows a classic eosinophilic infiltration in 
Eosinophilic cystitis in children affects all parts of the the lamina propria and muscle layers of the bladder. 
bladder. Urethral involvement has been seen in only There may be muscle necrosis or significant muscle 


one case.*” fibrosis. Giemsa stain for eosinophils and trichrome 
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stain for muscle fibrosis are helpful in making the 
diagnosis.48 Electron microscopy is also a useful diag- 
nostic aid. If eosinophils are degenerating, ultrastruc- 
tural examination may be the only way of 
documenting their presence. 

The true etiology of eosinophilic cystitis remains 
unknown. An immunoglobulin E (IgE)-mediated 
allergic cause has been suggested given the strong 
allergic histories of the patients. Food allergens, 
drugs, and other substances have been implicated.” It 
has been postulated that various inciting agents such 
as bacteria and foreign protein act as antigenic stimuli 
in the bladder to produce an eosinophilic infiltration. 
The antigens form immune complexes, resulting in 
the release of lysosomes that break down bladder 
tissue and result in inflammation. 

The treatment of eosinophilic cystitis involves 
removing the antigenic stimulus if present and identi- 
fiable. Identification of the antigenic stimulus may be 
difficult in a pediatric population. In a cohort of 8 pedi- 
atric patients who presented with eosinophilic cystitis, 
an identifiable cause (i.e. parasitic infection) could be 
found in only one case. The role of antihistamines and 
steroids is unclear. Sutphin and Middleton®? reported 
that of these 8 patients with biopsy-proven 
eosinophilic cystitis, only 2 received antihistamines 
and steroids. These individuals showed resolution of 
their symptoms and radiographic findings within 2 
weeks. The other untreated pediatric patients also 
resolved their symptoms; however, the mean interval 
to resolution was greater than 7 weeks. The progno- 
sis for children with eosinophilic cystitis is generally 
very good. Almost all reported cases in the literature 
resolved within 12 weeks. 

Despite the apparent self-limited course of 
eosinophilic cystitis, it should be kept in mind that 
recurrence of this disease is possible. Documented 
recurrences have been reported several years after the 
initial event.5! It has been hypothesized that local sur- 
gical trauma to the bladder or an anesthetic agent may 
be the cause for recurrence. A recommendation for 
pretreatment with steroids and antihistamines prior 
to bladder surgery has been made for patients with a 
previous history of eosinophilic cystitis.*! 


Malacoplakia 


Malacoplakia is an unusual benign granulomatous 
condition that was first recognized by Michaelis and 
Gutmann in 1902.5? It has been postulated that the 
cause is the defective digestion of phagocytosed bac- 
teria due to an intracellular abnormality of 


macrophage function. Microscopically, mala- 


coplakia consists of large macrophages mixed with 
lymphocytes and plasma cells. Michaelis-Gutmann 
bodies are evident on histologic evaluation. They are 
rounded intracytoplasmic inclusions with a concentric 
‘owl-eye appearance (Figure 8.4). The Michaelis- 
Gutmann bodies contain incompletely digested bacte- 
rial components mineralized with iron and calcium 
phosphate salts. 

In an adult population, malacoplakia affects the 
bladder in about 40% of cases.’ Conversely, in a 
pediatric population, a wide variety of organs such as 
the tongue, gastrointestinal tract, lungs, brain, adren- 
als, and retroperitoneum may be involved, but the 
most common genitourinary site appears to be the 
kidney as opposed to the bladder. Although Wither- 
ington et al>4 describe a case of bladder malacoplakia 
in a child with recurrent UTIs, vesicoureteral reflux, 
and a selective IgA deficiency, in general renal mala- 
coplakia is reported more frequently and may involve 
one or both kidneys. 

Pediatric genitourinary malacoplakia occurs in the 
setting of recurrent UTIs, usually with Escherichia 
coli.>> Renal malacoplakia is suspected in the pediatric 
patient when response to traditional antimicrobial 
therapy does not occur. These patients often have per- 
sistent nephromegaly without abscesses demonstrated 
by either ultrasonography or CT. Diagnosis is usually 
confirmed by renal biopsy (either open or percuta- 
neous), showing chronic parenchymal inflammation 
with Michaelis-Gutmann bodies. Recent reports56 


E. coli urinary tract infection and hematuria. Inflamma- 
tory reaction with Michaelis-Gutmann body (arrow) 
seen in the lamina propria. (Reproduced with permis- 
sion of Witherington et al.°*) 
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have confirmed the diagnosis by cytologic evaluation 
of a renal fine-needle aspirate. 

Previously, bilateral renal malacoplakia in the pedi- 
atric population was considered a fatal disease. Uni- 
disease was frequently treated with 
nephrectomy. Honjo et alë?” suggest a conservative 
treatment plan consisting of an immunomodulating 
regimen. Patients should receive antimicrobial ther- 
apy using an antimicrobial agent with intracellular 
activity (i.e. trimethoprim-sulfamethoxasole), with 
immunomodulating pulse therapy with methylpred- 
G-CSF (granulocyte 
colony-stimulating factor). If a patient is on immuno- 
suppressive therapy, they recommend appropriate 
reductions. With the advent of such treatment, 
nephrectomy may no longer be mandatory in renal 
malacoplakia and the disease is no longer fatal in the 
pediatric population. 


lateral 


nisolone and intravenous 


Other inflammatory diseases of the 
genitourinary tract 


Epididymitis 

Epididymitis has been traditionally thought of as a 
rare occurrence in a pediatric population. It results 
from an inflammatory reaction of the epididymis to 
an infectious agent, a chemical irritant, or a non-spe- 
cific cause. Although infection with bacteria or viral 
organisms is thought to be the cause of epididymitis, 
the majority of documented cases are not associated 
with culture-proven UTIs.58 Sterile urine in the epi- 
didymis may also be sufficient to incite an inflamma- 
tory reaction. Epididymal infection may therefore 
occur as a result of retrograde passage of urine 
through the ejaculatory ducts,°? hematogenous 
spread from a systemic infection, or direct extension 
from a pre-existing orchitis. 

Boys with epididymitis usually present with scrotal 
pain and edema. They are exquisitely tender to palpa- 
tion in the region of the epididymis and the vas def- 
erens. A reactive hydrocele may also be present. The 
differential diagnosis of epididymitis in a child must 
always include testicular torsion, torsion of an appen- 
dix testis, and idiopathic scrotal edema. The onset of 
pain in boys with epididymitis is often more insidious 
than in boys with torsion of the testis or appendix 
testis. Careful physical examination and radiologic 
imaging studies with either Doppler ultrasound or 
radionuclide testicular scanning will often aid in 
making the correct diagnosis. If a definitive diagnosis 


of epididymitis cannot be arrived at, then surgical 
exploration may be required to exclude testicular tor- 
sion. 

The use of a urinalysis in making the diagnosis of 
epididymitis would seem to be a valuable discrimina- 
tor; however, it is often inconclusive. Gislason et al® 
showed that only 24% of patients with epididymitis 
had greater than 10 white blood cells per high power 
field on urinalysis at the time of presentation. Urinal- 
yses have also been abnormal in 10% of boys that pre- 
sent with testicular torsion.®! Urine cultures are also 
unrewarding in making the diagnosis of epididymitis, 
as only 12.5% were positive in the cohort of boys 
with epididymitis that were retrospectively studied by 
Gislason et al.© 

The evaluation of a boy with epididymitis should 
not end once the diagnosis has been confirmed. This 
relatively rare problem in boys is often enigmatic in 
its etiology. In prepubertal boys, infection in the epi- 
didymis may result from an anatomic defect such as a 
urethral obstruction (urethral valves or meatal steno- 
sis) Or an ectopic ureter draining into the seminal 
vesicle or vas deferens.” Urologic investigational pro- 
cedures after resolution of the inflammation should 
be performed. Urologists vary widely in their recom- 
mendations for radiologic examinations. Most agree 
that at a minimum an upper tract evaluation with an 
ultrasound should be performed for culture-proven 
bacterial epididymitis. Excretory urography would be 
the imaging study of choice for an ectopic ureter 
draining to the seminal vesicles, while VCUG would 
demonstrate urethral anomalies and reflux of urine 
into the ejaculatory ducts. If the epididymitis was 
associated with a documented bacterial UTI, VCUG 
should be performed. 

Dysfunctional voiding in older boys has been pro- 
posed as an etiology for epididymitis.’ External 
sphincter spasm is thought to facilitate retrograde 
urine flow through the vas deferens. A report of 56 
boys with epididymitis revealed that nearly 25% had 
dysfunctional voiding tendencies associated with epi- 
didymitis. Therefore, the addition of a detailed void- 
ing history and use of non-invasive urodynamic 
testing with uroflow, patch electromyography, and 
ultrasonographic residual urine assessment has been 
advocated for boys over the age of 5 years that present 
with epididymitis. Congenital urologic anomalies are 
a less frequent cause of epididymitis in the absence of 
documented bacterial infection. 

The treatment of acute epididymitis includes scro- 
tal support and elevation, and analgesic and anti- 
inflammatory medications. If a bacterial infection is 
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likely, an antibiotic may be started after obtaining a 
urine culture. Once the acute infection is treated, age- 
appropriate studies to determine the etiology of the 
epididymitis should be undertaken. 


Vulvovaginitis 


Vulvovaginal inflammation is the most common 
gynecologic complaint of the prepubertal girl. Most 
cases are initially treated by the primary care physi- 
cian, with referral to the pediatric urologic specialist 
only when symptoms persist. 

The majority of girls have a profuse, thick vaginal 
discharge during the newborn period that is primarily 
a response to the perinatal stimulation of circulating 
maternal hormones. This should not be mistaken for 
a pathologic process. At puberty, both the vulvar and 
vaginal tissues are once again stimulated by circulat- 
ing estrogens and therefore swelling and discharge 
may be expected. 

Vulvovaginitis is most commonly seen in prepu- 
bertal females between the ages of 2 and 7 years. The 
child is typically brought to the physician with com- 
plaints of discharge, discomfort, pruritus, and often 
urinary symptoms such as burning with voiding. The 
parents frequently note a discharge present in the 
child’s diaper or undergarments. An abnormal odor 
and/or redness of the vulva may also be described. 

There are several reasons to explain why young 
girls are particularly susceptible to vulvovaginitis. 
Anatomically, the vulva of the young girl is relatively 
unprotected, lacking the labial fat pads and pubic hair 
of the postpubertal girl. Vulvar skin is also thin, sen- 
sitive, and easily irritated by minor trauma. In addi- 
tion, the vaginal mucosa is also thin in this age group. 
The vaginal cavity in these prepubertal girls is also an 
excellent culture medium for bacteria with its neutral 
pH and warm, moist environment. These obvious 
structural and biologic differences make the vulvo- 
vaginal environment of prepubertal girls particularly 
sensitive to inflammation. In addition, children tend 
to have poor hygiene habits when compared with 
adolescents. They do not practice good handwashing 
and often play in areas that expose them to dirt and 
sand, creating chronic irritation of the vulva. The 
presence of a foreign body or suspected sexual abuse 
must also be considered in the list of risk factors for 
vulvovaginitis in the prepubertal girl.64 

In evaluating the young child with vulvovaginitis, 
the preceding risk factors should be kept in mind. A 
complete history and detailed perineal examination 


must be performed. The history should include infor- 


mation concerning the onset of the condition and any 
therapies previously instituted for treatment. A his- 
tory of potential chemical irritants should be elicited 
(i.e. bubble baths, soaps, powders). A previous surgi- 
cal history and family history of diabetes, eczema, or 
contact sensitivities should be addressed. The child’s 
social setting should also be reviewed for information 
regarding potential child abuse (i.e. primary care 
giver, day care, contact with older children). The 
physical examination should look for evidence 
chronic illness, dermatologic problems, or traumatic 
injury. Most girls can be comfortably examined in the 
frog-leg position without the aid of sedation. Some 
sexual abuse experts recommend a knee-chest posi- 
tion for a complete examination. Cultures may be 
obtained by a sterile saline-moistened swab or a saline 
flush of the vaginal introitus. If bleeding or malodor- 
ous discharge raises the issue of a foreign body, then 
formal vaginoscopy may need to be undertaken under 
anesthesia. If a persistent and continuous flow from 
the vaginal introitus is present, then an ectopic ureter 
may enter the differential diagnosis. In this situation, 
ultrasonography or excretory urography will assist in 
confirming the diagnosis. 

The treatment of vulvovaginitis depends entirely on 
the etiology of the inflammation. Non-specific vagini- 
tis accounts for the majority of these prepubertal 
cases. It is thought to involve alterations in the 
normal flora of the vagina, resulting in vulvar and 
distal vaginal inflammation. The vagina of a prepu- 
bertal girl is typically colonized with the same variety 
of bacteria as observed in older women. It may be 
appropriate to request colony counts on all organisms 
recovered from culture, as overgrowth by one partic- 
ular organism may warrant antimicrobial therapy 
directed at that organism. Routine treatment of non- 
specific vaginitis is usually directed toward improved 
hygiene, avoidance of irritating stimuli, and tech- 
niques to promote drying of the vulva, such as wear- 
ing loose-fitting clothing at night. 

Specific vaginitis in prepubertal girls may be the 
result of infections with Candida albicans and Entero- 
bius vermicularis. Treatments of these infections have 
been previously outlined. Other causes of specific 
vaginitis include sexually transmitted organisms, 
resulting in gonorrhea, chlamydia, and herpes. The 
treatment of these infections is outlined in Table 8.1. 
These organisms may be acquired during passage of 
the newborn through the birth canal or may result 
from sexual abuse. The age at presentation, along 
with social history and physical examination, will sug- 
gest the etiology. 
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Table 8.1 Treatment of specific vulvovaginitis 


Specific infection Treatment 


Ceftriaxone sodium 50-75 mg/kg IM not to exceed adult dose of 250 mg IM 


Gonorrhea 

(one-time IM dose only) 

If allergic: tetracycline? 40 mg/kg for 7 days 
Chlamydia Tetracycline? 40 mg/kg PO for 7 days 


Gardnerella vaginalis Metronidazole 15 mg/kg PO 


Herpes 


a Not to be used in children under 8 years old. 


Malodorous discharge with associated vaginal 
bleeding should alert the clinician to the possibility of 
the presence of a foreign body within the vagina. 
Eighty percent of all foreign bodies present within the 
vagina are wads of toilet tissue lodged in the vaginal 
vault.°> This may result in both an infectious and 
inflammatory response. Various other foreign bodies 
have been recovered, including coins, safety pins, pen 
tops, fruit pips, and small toys. The probability of 
foreign bodies being recovered from the vagina of 
prepubertal girls presenting with vulvovaginitis is 
4%.°” The inflammatory response associated with the 
presence of the foreign body resolves with the 
removal of the object. 


Idiopathic scrotal and penile edema 


It is well known that acute scrotal swelling in children 
may be primarily due to conditions such as testicular 
torsion, torsion of the appendix testis, epididymo- 
orchitis, acute hydrocele, or incarcerated inguinal 
hernia. There is, however, a lesser-known clinical 
entity called idiopathic scrotal edema which is charac- 
terized by painful scrotal swelling. This is a distinct 
diagnosis that may be responsible for up to 20% of 
cases of acute scrotal inflammation.*® It will typically 
present in boys between the ages of 1 and 14 years.® 

The largest single series of idiopathic scrotal edema 
was reported by Evans and Snyder,°? in which they 
retrospectively reviewed 30 cases in 26 patients over 
an 8-year study period. These boys usually exhibited a 
sudden 1 day onset of unilateral or bilateral scrotal 
erythema, which was minimally tender. The edema 
may frequently extend onto the anterior abdominal 
wall or the perineum. The child is frequently afebrile, 
with a normal urinalysis and normal peripheral white 
blood cell count. Occasionally, eosinophilia is present. 
When examined early in the process of scrotal 
swelling, the spermatic cord and testes should feel 


Acyclovir 1200 mg/day PO for 7-10 days 


normal. Characteristically, the clinical findings resolve 
in 1-2 days. Kaplan® reported that in his series of 6 
patients, the examiner had the distinct impression that 
the edema was confined to the superficial layers of the 
scrotum and that it rarely extended to the penis. Lau 
and Ong”? reported that a similar benign and self-lim- 
iting condition of the penis exists which is suspected 
to be a variant of idiopathic scrotal edema. 

If the diagnosis is uncertain, then imaging studies 
may be necessary. Radionuclide testicular scanning or 
Doppler ultrasonography may be necessary to exclude 
testicular pathology. On physical examination, this 
can often be assessed by manipulation of the testis 
into the superficial inguinal pouch where it can be 
noted to be palpably normal and non-tender. In rare 
instances when diagnostic uncertainty still exists, sur- 
gical exploration to rule out testicular pathology will 
reveal a normal testis and epididymis with inflamma- 
tion confined to the scrotal wall. 

There has been much speculation on the etiology of 
acute idiopathic scrotal edema. Infection with celluli- 
tis was thought to be the etiology until multiple stud- 
ies revealed negative intraoperative cultures, no 
elevation of peripheral white blood cell count, and 
normal urinalysis and culture.©? The process is also 
self-limiting and resolves without the use of antibi- 
otics. Insect bites were also entertained as an etiology; 
however, the lack of a lesion characteristic of a bite 
has made this less likely. Allergy has also been sug- 
gested as an etiology, especially given the presence of 
eosinophilia in selected cases. In no case, however, 
has a particular allergen been identified, and the 
majority of these patients are not characterized as 
having an allergic diathesis.68 

Evans and Snyder’ suggest that idiopathic scrotal 
edema bears a strong resemblance to angioedema, 
which is characterized by a localized painless swelling 
of the subcutaneous tissue of various body parts. The 
overlying skin is usually normal in color and temper- 
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ature, but slightly reddened. The chief sensation is 
one of distention. The individual lesion may persist 
from 1 to 3 days. Angioedema results from a dilation 
of small blood vessels, with a transudation of fluid 
through the capillaries. These vascular changes are 
believed to be mediated by a local derangement of 
histamine release. Recommended therapy should con- 
sist of reassurance and perhaps a short course of anti- 
histamines. 


Interstitial cystitis 


Interstitial cystitis is a chronic, debilitating bladder 
disease of unknown etiology that is seldom reported 
to occur in children. The first report of the disease was 
made by Skene in 1878.7! Since that initial report, 
there are only a handful of manuscripts that docu- 
ment this disease process in the pediatric popula- 
tion.72-74 

Patients with interstitial cystitis typically have 
severe sensory urgency with urinary frequency and 
bladder pain that may be alleviated with voiding. Cys- 
toscopy after hydrodistention in these patients will 
show changes varying from petechial hemorrhage in 
regions with no ulcers to other regions with classic 
Hunners’s ulcers.” Middle-aged women constitute 
the majority of patients with interstitial cystitis. It is 
less frequently reported in men and rarely docu- 
mented in children. 

Chenoweth and Clawater”? were the first to report 
interstitial cystitis in children. In their series of seven 
cases, they describe the presenting signs and symp- 
toms as: 


E day and night frequency of urination 
E abdominal pain 

E decreased bladder capacity 

E negative urinalysis and culture. 


In addition, these children were described as being 
extremely nervous and tense, resting poorly, crying 
frequently, and having poor appetites. Farkas et al”? 
report that the pediatric cases of interstitial cystitis are 
more common in adolescent girls. 

Close et al’* reported the first large retrospective 
analysis of interstitial cystitis in the pediatric popula- 
tion, distinguishing this group of patients from the 
hundreds of individuals that present with voiding dys- 
function. They characterized a group of 16 individu- 
als who presented over a 12-year period. Unlike 
previous pediatric and adult reports, there is less of a 
female preponderance, with 70% girls and 30% boys 
in the study population. The most common present- 


ing symptom was urinary frequency and urgency 
(88%), followed by abdominal pain relieved by void- 
ing (81%). All patients had negative urinalysis and 
urine culture. 

Diagnostic evaluation of pediatric patients sus- 
pected of having interstitial cystitis consists of cys- 
toscopy with hydrodistention. Close et al”4 report 
that all patients had diffuse glomerulations and termi- 
nal hematuria after hydrodistention (60-70 cmH,O 
for 1-2 minutes). Bladder biopsies, obtained in select 
cases, revealed chronic inflammation with lympho- 
cytic infiltrate. No mast cells or eosinophils were 
noted. Urodynamic evaluation demonstrated early 
bladder filling sensation with no evidence of involun- 
tary bladder contractions. Bladder capacity is also sig- 
nificantly reduced in these individuals. Poor bladder 
compliance was only documented in approximately 
40% of patients.”4 

Treatment of interstitial cystitis in children is met 
with the same disappointing results as in adults. Blad- 
der distention may temporarily alleviate symp- 
toms.’”*-”4 Repeated hydrodistentions were required 
by 50% of the patients reported by Close et al.”4 In 
rare circumstances chlorpactin instillations have been 
utilized with temporary and incomplete relief of 
symptoms.’? Although bladder augmentation with 
intestine has been reported as a treatment option,” 
inflammatory changes consistent with interstitial cys- 
titis have been found in the bowel segment on follow- 
up. Surgical management of this disease in children 
should be considered only when all other treatment 
options have failed and the diagnosis has been 
absolutely confirmed. 
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urologic patient 


Stephen C Brown and Patricia A McGrath 


Introduction 


When we were asked to contribute a chapter in a 
major textbook in urology, I was keen on the idea for 
several reasons. If you look at many surgical text- 
books from 10 years ago, pain was often not even 
mentioned. In the last few years, pain has made it to 
the radar screen, but only in a cursory fashion. In this 
chapter we wish to expand on the surgeon’s ability to 
assess, treat, and more fully understand the complex 
entity of pain, with the result being to further 
decrease pain in children. Should a psychological 
theme in treating pain be explored in a surgical text- 
book of urology? I feel it is not only important but 
also essential. 

Pain control is an integral component for the pedi- 
atric patient undergoing procedures and ongoing care 
by the urologist. Children may experience many dif- 
ferent types of pain from invasive procedures or oper- 
ations, the cumulative effects of toxic therapies, 
progressive disease, or psychological factors. While 
acute postoperative pain is often straightforward to 
treat, some cases can be complex, with pain resulting 
from multiple nociceptive and neuropathic compo- 
nents. In addition, several situational factors usually 
contribute to children’s pain, distress, and disability. 
Thus, to adequately treat pain in children receiving 
care by the urologist, we must evaluate the primary 
pain sources. Some cases may require us to ascertain 
which situational factors are relevant for which chil- 
dren and families, where treatment emphasis would 
shift accordingly from an exclusive disease-centered 
framework to a more child-centered focus. 

In this chapter, we describe a child-centered frame- 
work for understanding and controlling pain for chil- 
dren undergoing procedures and ongoing care by the 
urologist. Pain control should include regular pain 
assessments, appropriate analgesics administered at 
regular dosing intervals, adjunctive drug therapy for 


symptom and side-effects control, and non-drug 
interventions to modify the situational factors that 
can exacerbate pain and suffering. This chapter 
describes the unique nature of children’s pain, includ- 
ing the primary factors that affect their pain and qual- 
ity of life, presenting guidelines for selecting and 
administering drug therapy in accordance with the 
nociceptive and neuropathic components, and recom- 
mending practical non-drug therapies for integration 
within a hospital or home setting. 


Guidelines for assessment, analgesic 
selection and administration, and non- 
pharmacologic interventions 


The principles of analgesic therapy, the guidelines for 
drug administration, and the guidelines for a sup- 
portive cognitive-behavioral approach are those that 
should be followed in all pediatric care. 


Pain assessment 


Pain assessment is an integral component of diagno- 
sis and treatment for children. A thorough medical 
history, physical examination, and assessment of pain 
characteristics and contributing factors are necessary 
to establish a correct clinical diagnosis. Subsequent 
assessments of pain intensity enable us to determine 
when treatments are effective and to identify those 
children for whom they are most effective. Healthcare 
providers need pain measures that are convenient to 
administer and whose resulting pain scores provide 
meaningful information about children’s pain experi- 
ences. An extensive array of pain measures have been 
developed and validated for use with infants, children, 
and adolescents. 1-3 

Like adult pain measures, children’s pain measures 
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are classified as physiologic, behavioral, and psycho- 
logical, depending on what is monitored — physical 
parameters (e.g. heart rate, sweat index, blood pres- 
sure, cortisol level), distress behaviors (e.g. grimaces, 
cries, protective guarding gestures), or children’s own 
descriptions of what they are experiencing (e.g. 
words, drawings, numerical ratings). Physiologic and 
behavioral measures provide indirect estimates of pain 
because healthcare providers must infer the location 
and strength of a child’s pain solely from his or her 
responses. In contrast, psychological measures can 
provide direct information about the location, 
strength, quality, affect, and duration of the pain. 

The criteria for an accurate pain measure are simi- 
lar to those required for any measuring instrument. A 
pain measure must be valid, in that it measures a spe- 
cific aspect of pain, so that changes in pain ratings 
reflect meaningful differences in a child’s pain experi- 
ence. The measure must be reliable, in that it provides 
consistent and trustworthy pain ratings, regardless of 
the time of testing, the clinical setting, or who is 
administering the measure. The measure must be rel- 
atively free from bias, in that children should be able 
to use it similarly, regardless of differences in how 
they may wish to please adults. The pain measure 
should be practical and versatile for assessing different 
types of pain (e.g. disease-related, procedural pain) in 
many different children (according to age, cognitive 
level, cultural background) and for use in diverse clin- 
ical and home settings. 


Physiologic and behavioral pain scales 


Although physiologic parameters can provide valu- 
able information about a child’s distress state, more 
research is required to develop a sensitive system for 
interpreting how these parameters reflect pain 
strength. At present, there are no valid physiologic 
pain scales for children. 

Most behavioral pain scales are checklists of the dif- 
ferent distress behaviors that children exhibit when 
they experience a certain type of pain.!5 To develop 
these scales, trained healthcare providers carefully 
observe children when they are in pain (e.g. after 
surgery) and document any behaviors that seem 
caused by the pain. They then list these ‘presumed 
pain’ behaviors (e.g. crying, facial expression, limb 
rigidity) on an itemized checklist. Parents complete 
the pain scale by checking which of the listed behav- 
iors they see when children are ill. On many scales, 
parents also rate the intensity of the behaviors. The 
intensity scores for each of the observed behaviors are 


summed to produce a composite pain score. 
Although most behavioral scales measure acute pain, 
recent attention is focused on the need to develop sen- 
sitive measures for children who are cognitively or 


physically impaired.° 


Psychological pain scales 


Psychological or self-report pain scales directly cap- 
ture a child’s subjective experience of pain. Interviews, 
questionnaires, adjective checklists, and numerous 
pain intensity scales are available for children, each 
with some evidence of validity and reliability.” Clin- 
ical interviews are ideally suited for learning about the 
sensory characteristics of pain, the aversive compo- 
nent, and contributing cognitive, behavioral, and 
emotional factors. Interviews should also include a 
simple rating scale to document pain strength. Chil- 
dren choose a level on the scale that best matches the 
strength of their own pain (i.e. a level on a number or 
thermometer scale, a number of objects, a mark on a 
visual analogue scale, a face from a series of faces vary- 
ing in emotional expression, or a particular word 
from adjective lists). Pain intensity scales are easy to 
administer, requiring only a few seconds once chil- 
dren understand how to use them. Many of these 
scales yield pain scores on a 0-10 scale. Visual and 
colored analogue scales are versatile for use with 
acute, recurrent, and chronic pain and provide a con- 
venient and flexible pain measure for use in hospital 
and at home. 

Healthcare providers must consider the age and 
cognitive ability of a child when selecting a pain scale. 
Most toddlers (approximately 2 years of age) can 
communicate the presence of pain, using words 
learned from their parents to describe the sensations 
they feel when they hurt themselves. They use con- 
crete analogies to describe their perceptions. Gradu- 
ally children learn to differentiate and describe three 
levels of pain intensity: ‘a little, ‘some or medium,’ 
and ‘a lot’. By the age of 5, most children can differ- 
entiate a wider range of pain intensities and many can 
use simple pain intensity scales. 

Children’s understanding and descriptions of pain 
naturally depend on their age, cognitive level, and 
previous pain experience. Children begin to under- 
stand pain through their own hurting experiences; 
they learn to describe the different characteristics of 
their pains (intensity, quality, duration, and location) 
in the same way that they learn specific words to 
describe different sounds, tastes, smells, and colors. 
Most children can communicate meaningful informa- 
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tion about their pain. Gradually they develop an 
increasing ability to describe specific pain features — 
the quality (aching, burning, pounding, sharp), inten- 
sity (mild to severe), duration and frequency (a few 
seconds to years), location (from a diffuse location on 
their skin to more precise internal localization), and 
unpleasantness (mild annoyance to an intolerable dis- 
comfort). Children’s understanding of pain and the 
language that they use to describe pain comes from 
the words and expressions used by their families and 
peers and from characters depicted in books, videos, 
and movies. (For a more extensive review of develop- 
mental factors in children’s pain, see References 
8-14.) 

Physicians should always ask children directly 
about their pain. Pain onset, location, frequency (if 
recurring), quality, intensity, accompanying physical 
symptoms, and pain-related disability should be 
assessed as part of children’s clinical examination. 
Healthcare providers should also assess relevant situa- 
tional factors in order to modify their pain-exacerbat- 
ing impact, especially the factors listed in Table 9.1. 


Table 9.1 Situational factors that increase children’s 
acute pain 


Cognitive factors 

Lack of age-appropriate information about pain 
source 

Inaccurate expectation of uncontrolled pain 

Lack of knowledge about practical non-drug 
therapies 

Lack of choice and little perceived control during 
treatments 

Inaccurate information about child’s prognosis 


Behavioral factors 

Overt physical distress 

Inconsistent or inappropriate responses from staff 
or parents during treatments 

Altered parenteral and sibling behaviors toward 
child within the family 


Emotional factors 

Anticipatory anxiety toward treatments 

Heightened distress during treatments 

Fear about continuing pain, increasing disability, 
or death 

Frustration about disruption to activities 

Depression about condition or treatments 


Reprinted with permission from McGrath and 
Hillier."° 


Pain management 


Oral analgesics 


Pain control should include regular pain assessments, 
appropriate analgesics and adjuvant analgesics admin- 
istered at regular dosing intervals, adjunctive drug 
therapy for symptom and side-effects control, and 
non-drug therapies to modify the situational factors 
that can exacerbate pain and suffering. Analgesics 
include acetaminophen, non-steroidal anti-inflamma- 
tory drugs (NSAIDs), and opioids. Adjuvant anal- 
gesics include a variety of drugs with analgesic 
properties that were initially developed to treat other 
health problems, such as anticonvulsants and antide- 
pressants. The use of adjuvant analgesics has become 
a cornerstone of pain control in pediatric chronic 
pain. They are especially crucial when pain has a neu- 
ropathic component. 

The guiding principles of analgesic administration 
are ‘by the ladder’, ‘by the clock’, ‘by the child’, and 
‘by the mouth’. ‘By the ladder’ refers to a three-step 
approach for selecting drugs according to their anal- 
gesic potency based on the child’s pain level — aceta- 
minophen to control mild pain, codeine to control 
moderate pain, and morphine for strong pain.!° The 
ladder approach was based on our scientific under- 
standing of how analgesics affect pain of nociceptive 
origin. If pain persists despite starting with the appro- 
priate drug, recommended doses, and dosing sched- 
ule, move up the ladder and administer the next more 
potent analgesic. Even when children require opioid 
analgesics, they should continue to receive aceta- 
minophen (and NSAIDs if appropriate) as supple- 
mental analgesics. The analgesic ladder approach is 
based on the premise that acetaminophen, codeine, 
and morphine should be available in all countries and 
that doctors and healthcare providers can relieve pain 
in the majority of children with a few drugs. 

However, increasing attention is focusing on 
‘thinking beyond the ladder’ in accordance with our 
improved understanding of pain of neuropathic ori- 
gins.!718 Children should receive adjuvant analgesics 
to more specifically target neuropathic mechanisms. 
Regrettably, two of the main classes of adjuvant anal- 
gesics, antidepressants and anticonvulsants, have 
unfortunate names. Proper education of healthcare 
providers, parents, and children should lead to a 
wider acceptance and use of these medications for 
pain management. For example, amitriptyline may 
require 4-6 weeks to affect depression, but often 
requires only 1-2 weeks to affect pain. The newer 
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classes of antidepressants, the selective serotonin 
reuptake inhibitors (SSRIs), may be beneficial to treat 
depression for a child with pain but have not been 
shown to be beneficial for pain management. The 
other main class of adjuvant analgesics are the anti- 
convulsants. The two principal medications used for 
this purpose in pediatrics are carbamazepine and 
gabapentin. With gabapentin, the main dose-limiting 
side effect is sedation, so that a slow titration to max- 
imal dose is required. Because of its greater number of 
significant side effects, the use of carbamazepine has 
decreased recently and the use of gabapentin has 
increased. We still await published studies to support 
the wide use of gabapentin. 

NSAIDs are similar in potency to aspirin. They are 
used primarily to treat inflammatory disorders and to 
lessen mild to moderate acute pain. They should be 
used with caution in patients with hepatic or renal 
impairment, compromised cardiac function, hyper- 
tension (since they may cause fluid retention, edema), 
and a history of gastrointestinal (GI) bleeding or 


Table 9.2 Non-opioid drugs to control pain in children 


Drug Dosage 


ulcers. NSAIDs may also inhibit platelet aggregation, 
and thus must be monitored closely in patients with 
prolonged bleeding times. NSAIDs have been used 
for many years in pediatrics and with their minimal 
side effects, and many advantages (no effect on venti- 
lation, no physical dependence, morphine-sparing 
effect, etc.), their use should be encouraged. 

The specific drugs and doses are determined by the 
needs of each child. The drugs listed in this chapter 
are based on guidelines from our institution.!? Rec- 
ommended starting doses for analgesic medications to 
control children’s disease-related pain are listed in 
Table 9.2 and Table 9.3; starting doses for adjuvant 
analgesic medications to control pain, drug-related 
side effects, and other symptoms are listed in Table 
9.4. (For further review of analgesics and adjuvant 
analgesics in children, see References 18, 20-23.) 

Children should receive analgesics at regular times, 
‘by the clock’, to provide consistent pain relief and 
prevent breakthrough pain. The specific drug sched- 
ule (e.g. every 4 or 6 h) is based on the drug’s dura- 


Comments 


Acetaminophen 10-15 mg/kg PO, every 4-6 h 


Ibuprofen 5-10 mg/kg PO, every 6-8 h 
Naproxen 10-20 mg/kg/day PO, divided 
every 12h 

Diclofenac 1 mg/kg PO, every 8-12 h 


Lacks GI and hematologic side effects; lacks 
anti-inflammatory effects (may mask infection- 
associated fever) 

Dose limit of 65 mg/kg/day or 4 g/day, whichever 
is less 


Anti-inflammatory activity 

Use with caution in patients with hepatic or renal 
impairment, compromised cardiac function or 
hypertension (may cause fluid retention, 
edema), history of GI bleeding or ulcers, may 
inhibit platelet aggregation 

Dose limit of 40 mg/kg/day; max dose of 2400 
mg/day 


Anti-inflammatory activity. Use with caution and 
monitor closely in patients with impaired renal 
function. Avoid in patients with severe renal 
impairment 

Dose limit of 1 g/day 


Anti-inflammatory activity. Similar Gl, renal, and 
hepatic precautions as noted above for 
ibuprofen and naproxen 

Dose limit of 50 mg/dose 


Note: Increasing the dose of non-opioids beyond the recommended therapeutic level produces a ‘ceiling 
effect’, in that there is no additional analgesia but there are major increases in toxicity and side effects. 


IM, intramuscular; PO, by mouth; GI, gastrointestinal. 
Reprinted with permission from McGrath and Brown.2° 
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Table 9.3 Opioid analgesics: usual starting doses for children 


Duration 


Drug Equianalgesic Starting dose IV IV:PO Starting dose PO/ 
dose ratio transdermal of action 
(parenteral) 
Morphine 10 mg Bolus dose = 0.05 mg/kg- 1:3 0.15-0.3 mg/kg/dose 3-4h 
0.1 mg/kg every 2-4h every 4h 
Continuous infusion = 
0.01-0.04 mg/kg/h 
Hydromorphone 1.5 mg 0.015-0.02 mg/kg every 4h 1:5 0.06 mg/kg every 3-4 h 2—4 h 


Codeine 120 mg Not recommended 1.0 mg/kg every 4 h (dose 3-4 h 
limit 1.5 mg/kg/dose) 
Oxycodone 5-10 mg Not recommended 0.1-0.2 mg/kg every 3-4 h 3-4 h 
Meperidine? 75 mg 0.5-1.0 mg/kg every 3-4h_ 1:4 1.0-2.0 mg/kg every 3-4h 1-3 h 
(dose limit 150 mg) 
Fentanyl 100 ug 1-2 ug/kg/h as continuous 25 ug patch 72 h (patch) 


infusion 


Note: Doses are for opioid-naive patients. For infants under 6 months, start at one-quarter to one-third the sug- 
gested dose and titrate to effect. 


Principles of opioid administration: 

1. If inadequate pain relief and no toxicity at peak onset of opioid action, increase dose in 50% increments. 

2. Avoid IM administration. 

3. Whenever using continuous infusion, plan for hourly rescue doses with short-onset opioids if needed. 
Rescue dose is usually 50-200% of continuous hourly dose. If greater than 6 rescues are necessary in 24-h 
period, increase daily infusion total by the total amount of rescues for previous 24 h/24. An alternative is to 
increase infusion by 50%. 

4. To change opioids — because of incomplete cross-tolerance: if changing between opioids with short dura- 
tion of action, start new opioid at 50% of equianalgesic dose. Titrate to effect. 

5. To taper opioids — anyone on opioids over 1 week must be tapered to avoid withdrawal: taper by 50% for 2 
days, and then decrease by 25% every 2 days. When dose is equianalgesic to an oral morphine dose of 0.6 
mg/kg/day, it may be stopped. Some patients on opioids for prolonged periods, may require much slower 


weaning. 


4Avoid use in renal impairment. Metabolite may cause seizures. 
bPotentially highly toxic. Not for use in acute pain control. 


PO, by mouth; IV, intravenous; IM, intramuscular. 
Modified from McGrath and Brown.2° 


tion of action and the child’s pain severity. Although 
breakthrough pain episodes have been recognized as a 
problem in adult pain control, they may represent an 
even more serious problem for children. Unlike 
adults, who generally realize that they can demand 
more potent analgesic medications or demand more 
frequent dosing intervals, children have little control, 
little awareness of alternatives, and fear that their pain 
cannot be controlled. They may become progressively 
frightened, upset, and preoccupied with their symp- 
toms. Thus, it is essential to establish and maintain a 
therapeutic window of pain relief for children. 
Analgesic doses should be adjusted ‘by the child’. 
There is no one dose that will be appropriate for all 
children with pain. The goal is to select a dose that 


prevents children from experiencing pain before they 
receive the next dose. It is essential to monitor the 
child’s pain regularly and adjust analgesic doses as 
necessary to control the pain. The effective opioid 
dose to relieve pain varies widely among different 
children or in the same child at different times. Some 
children require large opioid doses at frequent inter- 
vals to control their pain. If such doses are necessary 
for effective pain control, and the side effects can be 
managed by adjunctive medication so that children 
are comfortable, then the doses are appropriate. Chil- 
dren receiving opioids may develop altered sleep pat- 
terns so that they are awake at night, fearful and 
complaining about pain, and they sleep intermittently 
throughout the day. They should receive adequate 
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Table 9.4 Adjuvant analgesics: doses for children 


Drug category 


Antidepressants 


Anticonvulsants 


Sedatives, 
hypnotics, 
anxiolytics 


Antihistamines 


Psychostimulants 


Corticosteroids 


Drug, dosage Indications 

Amitriptyline, 0.2-0.5 mg/kg PO Neuropathic pain (i.e. 

Titrate upward by 0.25 mg/kg vincristine-induced, radiation 
every 2-3 days. Maintenance: plexopathy, tumor invasion, 
0.2-3.0 mg/kg CRPS-1) 

Alternatives: nortriptyline, Insomnia 
doxepin, imipramine 


Gabapentin, 5 mg/kg/day PO 
Titrate upward over 3-7 days. 
Maintenance: up to 15-50 
mg/kg/day PO divided tid. 
Carbamazepine, Initial dosing: 
10 mg/kg/day PO divided od 
or bid. Maintenance: up to 
20-30 mg/kg/day PO divided 
every 8 h. Increase dose 
gradually over 2-4 weeks 

Alternatives: phenytoin, 
clonazepam 


Neuropathic pain, especially 
shooting, stabbing pain 


Diazepam, 0.025-0.2 mg/kg PO Acute anxiety, muscle 
every 6h spasm 
Lorazepam, 0.05 mg/kg/dose SL Premedication for painful 
Midazolam, 0.5 mg/kg/dose PO procedures 
administered 15-30 min prior 
to procedure; 0.05 
mg/kg/dose IV for sedation 


Hydroxyzine, 0.5 mg/kg PO 
every 6h 

Diphenhydramine, 0.5-1.0 
mg/kg PO/IV every 6 h 


Opioid-induced pruritus, 
anxiety, nausea 


Dextroamphetamine, 
methylphenidate, 0.1-0.2 
mg/kg bid 

Escalate to 0.3-0.5 mg/kg as 
needed 


Opioid-induced somnolence 
Potentiation of opioid 
analgesia 


Prednisone, prednisolone, and Headache from increased 
dexamethasone dosage intracranial pressure, spinal 
depends on clinical situation or nerve compression; 

(i.e. dexamethasone initial widespread metastases 
dosing: 0.2 mg/kg IV. Dose 

limit 10 mg. Subsequent 

dose 0.3 mg/kg/day IV 

divided every 6 h) 


Comments 


Usually improved sleep 
and pain relief within 3-5 
days 

Anticholinergic side 
effects are dose-limiting. 
Use with caution for 
children with increased 
risk for cardiac 
dysfunction 


Side effects: gastro- 
intestinal upset, ataxia, 
dizziness, disorientation, 
somnolence 

Monitor for hematologic, 
hepatic, and allergic 
reactions with 
carbamazepine 


Sedative effect may limit 
opioid use. Other side 
effects include: 
depression and 
dependence with 
prolonged use 


Sedative side effects may 
be helpful 


Side effects include 
agitation, sleep 
disturbance, and 
anorexia 

Administer second dose 
in afternoon to avoid 
sleep disturbances 


Side effects include 
edema, dyspeptic 
symptoms, and 
occasional gastro- 
intestinal bleeding 


CRPS-1 = complex regional pain syndrome, type 1; PO, by mouth; IV, intravenous; SL, sublingual; tid, three 
times daily; bid, twice day; od, once daily. 
Modified from McGrath and Brown.2° 
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analgesics at night with antidepressants or hypnotics 
as necessary to enable them to sleep throughout the 
night. To relieve ongoing pain, opioid doses should 
be increased steadily until comfort is achieved, unless 
the child experiences unacceptable side effects such as 
somnolence or respiratory depression (Table 9.5). 
‘By the mouth’ refers to the oral route of drug 
administration. Medication should be administered to 
children by the simplest and most effective route, 
usually by mouth. Since children are afraid of painful 
injections they may deny that they have pain or they 
may not request medication. When possible, children 
should receive medications through routes that do 
not cause additional pain. Although optimal analgesic 
administration for children requires flexibility in 
selecting routes according to children’s needs, 


Table 9.5 Opioid side effects 


Side effect Management 


parenteral administration is often the most efficient 
route for providing direct and rapid pain relief. Since 
intravenous, intramuscular, and subcutaneous routes 
cause additional pain for children, serious efforts have 
been expended on developing more pain-free modes 
of administration that still provide relatively direct 
and rapid analgesia. Attention has focused on 
improving the effectiveness of oral routes. As an 
example, oral transmucosal fentanyl citrate (OTFC) 
provides rapid-onset analgesia via a pleasant route for 
children receiving painful medical procedures. OTFC 
produces significant serum concentrations after 
15-20 minutes.2* Children aged 2-14 years have 
shown good cooperation and sedation when given 
OTFC as a premedication.*>° OTFC produced safe 
and effective analgesia for outpatient wound care in 


Respiratory depression 


Respiratory arrest 


Reduction in opioid dose by 50%, titrate to maintain pain relief without 
respiratory depression 


Naloxone, titrate to effect with 0.01 mg/kg/dose IV/ETT increments or 


0.1 mg/kg/dose IV/ETT, repeat prn. Small frequent doses of diluted naloxone 
or naloxone drip preferable for patients on chronic opioid therapy to avoid 
severe, painful withdrawal syndrome. Repeated doses often required until 
opioid side effect subsides 


Drowsiness/sedation 


Frequently subsides after a few days without dosage reduction; 


methylphenidate or dextroamphetamine (0.1 mg/kg administered twice daily, 
in the morning and mid-day so as not to interfere with night-time sleep). The 
dose can be escalated in increments of 0.05-0.1 mg/kg to a maximum of 

10 mg/dose for dextroamphetamine and 20 mg/dose for methylphenidate 


Constipation 


Nausea/vomiting 


Increased fluids and bulk, prophylactic laxatives as indicated 


Administer an antiemetic (e.g. ondansetron, 0.1 mg/kg IV/PO every 8 h) 


Antihistamines (e.g. dimenhydrinate 0.5 mg/kg/dose every 4-6 h IV/PO) may 
be used. Prechemotherapy, nabilone 0.5-1.0 mg PO and then every 12 h may 
also be used 


Confusion, nightmares, 
hallucinations 


Reassurance only, if symptoms mild. A reduced dosage of opioid or a change 
to a different opioid or add neuroleptic (e.g. haloperidol 0.1 mg/kg PO/IV 
every 8 h to a maximum of 30 mg/day) 


Multifocal myoclonus; 
seizures 


Generally occur only during extremely high-dose therapy; reduction in opioid 
dose indicated if possible. Add a benzodiazepine (e.g. clonazepam 

0.05 mg/kg/day divided bid or tid increasing by 0.05 mg/kg/day every 3 days 
prn up to 0.2 mg/kg/day. Dose limit of 20 mg/day) 


Urinary retention Rule out bladder outlet obstruction, neurogenic bladder, and other 
precipitating drug (e.g. tricyclic antidepressant). Particularly common with 
epidural opioids. Change of opioid, route of administration, and dose may 


relieve symptom. Bethanechol or catheter may be required 


IV, intravenous; PO, by mouth; ETT, endotracheal tube; prn, as needed; bid, twice a day; tid, three times a day. 
Reprinted with permission from McGrath and Brown.2° 
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children and the taste was preferred to oral oxy- 
codone.2” 

Many hospitals have restricted the use of intramus- 
cular injections because they are painful and drug 
absorption is not reliable; they advocate the use of 
intravenous lines into which drugs can be adminis- 
tered directly without causing further pain. Topical 
anesthetic creams should also be applied prior to the 
insertion of intravenous lines in children. The use of 
portacatheters has become the gold standard in pedi- 
atrics, particularly for children with cancer under the 
care of the urologist, who require administration of 
multiple drugs at weekly intervals. 

Continuous infusion has several advantages over 
intermittent subcutaneous, intramuscular, or intra- 
venous routes. This method circumvents repetitive 
injections, prevents delays in analgesic drug adminis- 
tration, and provides continuous levels of pain control 
without children experiencing increased side effects at 
peak level and pain breakthroughs at trough level. 
Continuous infusion should be considered when chil- 
dren have pain for which oral and intermittent par- 
enteral opioids do not provide satisfactory pain 
control, when intractable vomiting prevents the use of 
oral medications, and when intravenous lines are not 
desirable. Children receiving a continuous infusion 
should continue to receive ‘rescue doses’ to control 
breakthrough pain, as necessary. As outlined in Table 
9.3, the rescue doses should be 50-200% of the con- 
tinuous infusion hourly dose. If children experience 
repeated breakthrough pain, the basal rate can be 
increased by 50% or by the total amount of morphine 
administered through the rescue doses over a 24-h 
period (divided by 24 h). 


Patient-controlled analgesia 


Patient-controlled analgesia (PCA) enables children 
to administer analgesic doses according to their pain 
level. PCA provides children with a continuum of 
analgesia that is prompt, economical, not nurse 
dependent, and a lower overall narcotic use.?8-31 It 
has a high degree of safety, allows for wide variability 
between patients, and there is no delay in analgesic 
administration. (For review, see Reference 32.) It can 
now be regarded as a standard for the delivery of anal- 
gesia in children aged >5 years old.*? However, there 
are opposing views about the use of background infu- 
sions with PCA. Although they may improve efficacy, 
they may increase the occurrence of adverse effects 
such as nausea and respiratory depression. In a com- 
parison of PCA with and without a background infu- 


sion for children having lower extremity surgery, the 
total morphine requirements were reduced in the 
PCA-only group and the background infusion offered 
no advantage.** In another study comparing back- 
ground infusion and PCA, children between 9 and 15 
years old achieved better pain relief with PCA, 
whereas children between 5 and 8 years old showed 
no difference.?> Our current standard is to add a back- 
ground infusion to the PCA if the pain is not con- 
trolled adequately with PCA alone. The selection of 
opioid used in PCA is perhaps less critical than the 
appropriate selection of parameters such as bolus 
dose, lockout, and background infusion rate. The 
opioid choice may be based on an adverse-effect pro- 
file rather than on efficacy. Clearly, patient-controlled 
analgesia offers special advantages to children who 
have little control and who are extremely frightened 
about uncontrolled pain. PCA is, as it states, patient- 
controlled analgesia: when special circumstances 
require that other people administer the medication, 
we do allow both nurse- and parent-controlled anal- 
gesia. Under these circumstances, parents require our 
nurse educators to fully educate them on the use of 
PCA. A recent alert by the Joint Commission on 
Accreditation of Health Care Organizations 
(JCAHO) advised that serious adverse events can 
result when family members, caregivers, or clinicians 
who are not authorized become involved in adminis- 


tering the analgesia for the patient ‘by proxy’.%637 


Transdermal fentanyl 


Fentanyl is a potent synthetic opioid, which like mor- 
phine binds to mu (u) receptors. However, fentanyl is 
75-100 times more potent than morphine. The intra- 
venous preparation of fentanyl has been used exten- 
sively in children. A transdermal preparation of 
fentanyl was introduced in 1991 for use with chronic 
pain. This route provides a non-invasive but continu- 
ously controlled delivery system. Although limited 
data are available on transdermal fentanyl (TF) in 
children, its use is increasing for children with pain. 
In a 2001 study, TF was well tolerated with effective 
pain relief in 11 of 13 children and provided an ideal 
approach for children where compliance with oral 
analgesics was problematic.** In another study, when 
children were converted from oral morphine doses to 
TE; the investigators noted diminished side effects 
and improved convenience with TF.*? The majority 
of parents and investigators considered TF to be 
better than previous treatment. No serious adverse 
events were attributed to fentanyl, suggesting that TF 
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was both effective and acceptable for children and 
their families. Similarly, no adverse effects were noted 
in a study of TF for children with pain due to sickle 
cell crisis.4° This study showed a significant relation- 
ship between TF dose and fentanyl concentration; 
pain control with the use of TF was improved in 7 of 
10 patients in comparison to PCA alone. In a multi- 
center crossover study in adults, TF caused signifi- 
cantly less constipation and less daytime drowsiness in 
comparison to morphine, but greater sleep distur- 
bance and shorter sleep duration.*! Of those patients 
able to express a preference, significantly more pre- 
ferred fentanyl patches. As with all opioids, fatal adult 
complications have been noted with the use of multi- 
ple transdermal patches.*? 


Regional anesthesia 
Topical 


Topical anesthetics have proved invaluable in assisting 
with not only decreasing pain for minor procedures 
such as intravenous insertion but also for some pro- 
cedures that are more invasive. At the Hospital for 
Sick Children, a number of these topical anesthetics 
are employed and include EMLA (lidocaine/prilo- 
caine cream), Ametop (tetracaine hydrochloride), or 
Maxilene 4 (lidocaine cream). Each of these agents 
has advantages and disadvantages - EMLA requires 
approximately 1 hour to onset and causes vasocon- 
striction compared with Ametop, which is quicker in 
onset at approximately 30 minutes. Maxilene 4 has 
the advantage of being effective in approximately 10 
minutes and does not require an occlusive barrier 
with application. 

EMLA has been shown to be an effective and 
simple method to produce postcircumcision analge- 
sia,*? is simple to use, and avoids the rare but serious 
complications of a dorsal penile nerve block. A meta- 
analysis of three randomized controlled trials using 
EMLA prior to circumcision demonstrated a statisti- 
cally significant reduction in pain.#+ 


Local infiltration 


The surgeon or the anesthesiologist should not 
underestimate the importance of postoperative pain 
relief. One of the simplest methods of postoperative 
analgesia is local infiltration of the wound with a 
long-acting local anesthetic such as bupivacaine. The 
adult literature is confusing at times, with various 
reports showing either a benefit or showing no 
demonstrative positive results. On the other hand, the 


pediatric literature is quite clear on the benefits of 
local infiltration. Beginning in the 1980s, two differ- 
ent studies were reported in the journal Anaesthesia: 
the first report compared wound infiltration to the use 
of the ilioinguinal nerve block*® and the second report 
compared wound infiltration to the caudal block.46 
Wound infiltration provided comparable results to 
both the ilioinguinal and caudal block. In the 1990s, 
two more studies compared wound infiltration again 
to the caudal block*” and to an ilioinguinal/iliohy- 
pogastric block.48 The results were similar as to 
before, with wound infiltration providing satisfactory 
analgesia. Bupivacaine is our standard local anesthetic 
for this type of procedure at the Hospital for Sick 
Children, but this is not the important point. Doing 
the block is! 


Peripheral nerve blockade 


Two of the most commonly used blocks performed 
by the urologist are the penile block and the ilioin- 
guinal and iliohypogastric nerve block. Both blocks 
are safe, easy to learn and perform, and provide good 
analgesia. 

The penile block provides excellent analgesia, and is 
especially useful for the commonly performed cir- 
cumcision. The penile block is easily learned by resi- 
dents,*? with over a 90% success rate possible in the 
first 10 blocks performed. The subpubic approach is 
preferred: a short-bevel needle is inserted 0.5-1 cm 
lateral to the midline, bilaterally into the subpubic 
space (deep to Scarpa’s fascia), where the nerves run 
before entering the base of the penis, and a small 
volume of local anesthetic (0.1 ml/kg of body weight 
— usually 1-2 ml per side) is injected. Dalens et al°° 
achieved a 100% success rate on 100 patients employ- 
ing this technique. Our preferred local anesthetic is 
0.5% bupivacaine, without epinephrine. For a full 
description of the technique see Reference 51. An 
alternative approach is the subcutaneous ring block of 
the penis. In a prospective study*? it was shown that 
the penile block provided significantly better analgesia 
than the subcutaneous block. 

The other commonly performed block is the ilioin- 
guinal/iliohypogastric nerve block. This block is espe- 
cially useful for procedures such as inguinal 
herniorrhaphy, hydrocele, and orchiopexy. The goal 
of this block is to anesthetize the ilioinguinal, iliohy- 
pogastric, and the genital branch of the genitofemoral 
nerve. A short-bevel needle is employed and is 
inserted 1 cm medial and 1 cm inferior to the anterior 
superior iliac spine. The needle is inserted through 
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skin, external oblique, and the internal oblique mus- 
cles. The local anesthetic is then inserted in a fan- 
shaped motion as well as a subcutaneous wheal. I 
personally use 0.2-0.4 ml/kg of 0.25% bupivacaine 
with 1:200 000 epinephrine (to a maximum dose of 
10 ml). These volumes have to be adhered to strictly 
because of the possibility of increased bupivacaine 
concentrations after ilioinguinal block in pediatric 
patients.°* For an excellent description of this proce- 
dure see Reference 51. The ilioinguinal/iliohypogas- 
tric block compares favorably with the caudal block, 
as confirmed by a prospective comparative study from 
1986 which demonstrated that both blocks provide 
excellent postoperative analgesia.>4 


Caudal epidural blocks 


The caudal approach to the epidural space is one of 
the most frequently used approaches to provide anes- 
thesia and postoperative analgesia for the pediatric 
urology patient. Easy access to the caudal space can be 
made at the level of the sacrococcygeal ligament, thus 
reducing the risk of neurologic injury. There are well- 
known variations to the sacral hiatus though," and 
thus if after several attempts at placing a caudal block 
you are unsuccessful, alternative methods of analgesia 
must be found. The procedure is performed fre- 
quently on our patients at the Hospital for Sick Chil- 
dren for cases such as herniorrhaphy and orchiopexy 
and for most hypospadias repairs. With the ease of 
procedure, good safety profile, and the excellent 
results it provides, it seems logical that it remains one 
of our gold standards. In a 1989 retrospective study 
of caudal analgesia in 750 pediatric patients, Dalens 
and Hasnaoui found no major complications or neu- 
rologic sequelae, and good patient and parent accep- 
tance of caudal anesthesia. Their overall success rate 
was 96%, with most failures occurring in children 
>7 years old.*° Although the addition of preoperative 
or postoperative acetaminophen showed no increased 
effect on the duration and intensity of postoperative 
analgesia obtained by caudal bupivacaine,°” we con- 
tinue to recommend its use perioperatively in a 
dosage of 30-40 mg/kg given as a rectal suppository. 
In some cases that may have a prolonged surgical time 
or that may require admission of the patient to hospi- 
tal, a catheter may be left in place that can be ‘topped 
up’ by the anesthesiologist at the end of the case. 
Alternatively, this catheter may be employed to run 
an infusion in a manner similar to a formal epidural. 
In a recent study, both caudal and epidural analgesia 
combined with intravenous rescue analgesics pro- 


vided adequate pain control following intravesical 
ureteroneocystostomy.°® 


Epidural and spinal analgesia 


The use of regional techniques (epidural and spinal) 
for the administration of local anesthetics and anal- 
gesics for children continues to be an integral part of 
pain control in children.®? Experience from many 
centers suggests that these techniques can be 
extremely useful for children undergoing extensive 
surgery with resulting pain that may be difficult to 
control by more conventional means. 

When one undertakes the administration of potent 
analgesics and anesthetics, whether by intravenous or 
a regional anesthetic technique such as an epidural or 
spinal approach, appropriate monitoring is para- 
mount for the safety of the patient. This involves: 


E the education and training of staff 

E the immediate availability of resuscitative drugs 
and equipment 

E an accurate and timely pain record, consisting of 
vitals signs, pain, and sedation scores. 


A complete set of intravenous and epidural moni- 
toring guidelines is shown in Table 9.6. 


Complementary/alternative therapies 


An extensive array of non-drug therapies are available 
to treat children’s pain, including counseling, guided 
imagery, hypnosis, biofeedback, behavioral manage- 
ment, acupuncture, massage, homeopathic remedies, 
naturopathic approaches, and herbal medicines. In a 
2002 self-report questionnaire of 1013 pediatric 
patients seeking primary care, the most common 
types of complementary/alternative therapies (CAM) 
were herbs (41%), prayer healing (37%), folk/home 
remedies (28%), massage therapy (19%), and chiro- 
practic (18%).°° Non-drug therapies are generally 
regarded as safe, with few contraindications for their 
use in otherwise healthy children. However, little is 
known about the safety and effectiveness of certain 
therapies for children. The problem of major adverse 
events and the high degree of uncertainty regarding a 
causal relationship of these events and the therapy is 
frequently noted. The size of the problem and its 
importance relative to the well-documented risks of 
conventional treatments is presently unknown.°! 
Although Sampson et al6? reported 908 randomized 
controlled trials (RCTs) in the field of CAM and 
Moher et al°* have assessed the quality of 47 CAM 
systematic reviews, where they found the overall qual- 
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Table 9.6 Analgesia monitoring guidelines 


Baseline assessment 
Obtain RR, HR, BP, O, saturation, sedation score, and pain score before administering a single or intermittent 
dose or initiating continuous infusion 


Intermittent intravenous administration 

RR, HR, BP, and sedation score every 5 min x 4, then every 30 min x 2, and then as per child’s condition/pre- 
existing orders 

Pain score every 20-30 min 

Continuously monitor O, saturation only for children whose underlying condition predisposes them to 
respiratory depression 


Intravenous additive (to run over 15-20 min) 

RR, HR, BP, and sedation score every 10 min x 2, then every 30 min x 2, and then as per child’s condition 
Pain score at completion of the flush, then every 30 min x 2, and then as per child’s condition/pre-existing 
orders 

Continuously monitor O, saturation only for children whose underlying condition predisposes them to 
respiratory depression 


Continuous IV infusion/PCA 

RR, HR, BP, pain score, and sedation score every 1 h x 4, then RR and sedation score every 1 h, and then HR, 
BP, and pain score every 4h 

Continuously monitor O, saturation and document reading every 1 h 


Intermittent epidural administration 

RR, HR, and BP every 5 min for the first 20 min following a bolus dose, and then RR and sedation score every 
1h 

HR, BP, pain score, and motor block score every 4 h 

Continuously monitor only for children whose underlying condition predisposes them to respiratory 
depression 


Continuous epidural infusion?» 

RR, HR, BP, sedation score, pain score and motor block score every 1 h x 4 h, then RR and sedation score 
every 1 h, and HR, BP, pain score, and motor block score every 4 h 

Continuously monitor O, saturation and document reading every 1 h 


a Opioids used with bupivacaine. 

> Note: After any change in drug dose, infusion rate, or if transferred between patient care areas, return to 
assessments every 1 h for 4h. 

Continuous respiratory rate/apnea monitoring may provide additional benefits for certain children who are 

receiving continuous opioid infusions by alerting the nurse to a decreasing respiratory rate. Respiratory rate 

monitoring is not, however, a substitute for frequent patient observation and vital sign monitoring. 

ECG monitoring is not routinely required, but may be ordered if the child’s underlying condition predisposes 


them to ECG abnormalities. 


RR, respiratory rate; HR, heart rate; BP, blood pressure; ECG, electrocardiogram. 
Adapted from 2001-2002 Drug Formulary, the Hospital for Sick Children, Toronto, Ontario, Canada. 


Reprinted with permission from McGrath and Brown.2° 


ity of reporting similar to conventional therapy, 
researchers continue to call for more studies in this 
area.°* Thus, the efficacy of complementary therapies 
for treating children’s pain is unclear, even though 
children are increasingly using complementary thera- 
pies.°° Madsen et al® reported in 2003 that 53% of 
pediatric patients had tried CAM as a supplement to 
conventional medicine, which compares with an Aus- 
tralian study of 33% of parents having used CAM for 
their inpatient child.°”? The percentages were even 


higher for children with cancer using CAM (65%) 
compared with a control group (51%).° 


Cognitive and behavioral methods of pain 
management 


Cognitive and behavioral therapies can mitigate some 
of the factors that intensify pain, distress, and disabil- 
ity for children. In contrast to complementary thera- 
pies, the evidence base supporting the efficacy of 
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cognitive and behavioral approaches is 
strong. !>.28,69-81 Cognitive therapies are directed at a 
child’s beliefs, expectations, and coping abilities. They 
encompass a wide range of approaches from basic 
patient education to formal psychotherapy. Most chil- 
dren and families benefit from supportive counseling. 
Accurate information about what will happen and 
what children may feel should improve children’s 
understanding, increase their control, lessen their dis- 
tress, and reduce their pain. In addition, healthcare 
providers can teach children how to use a few pain 
control methods to lessen pain and guide families to 
recognize the particular circumstances that exacerbate 
pain and distress. These methods provide children 
with some independent strategies — either to relieve 
mild pain or to complement the medication needed to 
relieve strong pain. Children seem more adept than 
adults at using non-drug therapies, presumably 
because they are usually less biased than adults about 
their potential efficacy. 

Distraction is a simple and effective pain control 
method. When children intently attend to something 
other than their pain, they can lessen its intensity and 
unpleasantness. Distraction is often incorrectly per- 
ceived as a simple diversionary tactic; the implication 
is that the pain is still there but the child is momen- 
tarily focused elsewhere. However, when children’s 
attention is fully absorbed in some engaging topic or 
activity, distraction is a very active process that can 
reduce the neuronal responses to a noxious stimulus. 
Children do not simply ignore their pain, but are 
actually reducing it. The essential feature for achiev- 
ing pain relief is a child’s ability to attend fully to and 
concentrate on something else besides the pain. 
Therefore, the choice of a distraction is crucial and 
varies according to children’s ages and interests. 
Young children usually need to be actively involved 
with their parents or peers, whereas older children 
and adolescents can distract themselves more inde- 
pendently. Children should work with their parents 
or a therapist to choose distracting activities that they 
can practically incorporate into their lives. 

There is considerable overlap among the interven- 
tions of attention/distraction, guided imagery, and 
hypnosis. Hypnosis usually begins with an induction 
procedure in which a child’s full attention is focused 
gradually on the therapist and his/her suggestions. 
The therapist guides the child into a very relaxed 
physical and mental state, an altered level of con- 
sciousness — distinct from an alert or sleep state. The 
induction procedure typically includes guided 


imagery for the child and progressive muscle relax- 


ation for the adolescent. The induction can be very 
simple for young children. They can be guided into an 
hypnotic state as they vividly imagine their favorite 
television shows, movies, books, or cartoon charac- 
ters.82-84 As they imagine an activity, scene, or char- 
acter, they gradually receive suggestions for 
relaxation, reduced anxiety, increased control, and 
pain reduction. The therapist provides consistent pos- 
itive suggestions, rather than authoritative com- 
mands. The emphasis is on the child’s own natural 
abilities, as in, ‘Notice that your back, legs (painful 
body areas) feel lighter, the heaviness and pain are 
starting to lessen. It seems as if your back doesn’t hurt 
as much as before. You are doing well at turning 
down the pain switch.’ 

During an hypnotic state, individuals become 
extremely susceptible to suggestions, including sug- 
gestions for pain relief. Children become so involved 
in thoughts or ideas that they dissociate from a ‘real- 
ity orientation’.8’ Hypnosis enables children to 
redirect attention from the painful sensation or to rein- 
terpret the sensation as something more pleasant/less 
aversive and/or less bothersome.** Like adults, chil- 
dren differ in their ability to be hypnotized. Children’s 
ability to use their imagination is the key component 
in determining their hypnotic susceptibility. 

Behavior therapy is often used in combination with 
cognitive therapy. The goals are to lessen the specific 
behaviors (ie. child, family, and staff) that may 
increase pain, distress, or disability, while concomi- 
tantly increasing healthy behaviors that engage chil- 
dren in living as fully as possible. Relaxation training 
is a common method used for children who require 
painful procedures or who experience chronic pain. 
Therapists train children how to achieve a state of 
mental and physical relaxation, so that those children 
can eventually relax independently when they experi- 
ence pain or feel stressed and fearful about their con- 
dition. Therapists may use guided imagery, hypnosis, 
deep breathing, or progressive relaxation exercises to 
train children. 


Conclusion 


In this chapter we have briefly reviewed the manage- 
ment of pain for the pediatric patient as it applies to 
the urologist. In surveys carried out at the Hospital 
for Sick Children in Toronto and elsewhere, the 
assessment and management of pain in our patients 
was inadequate in the past and continues to this day. 
A full multidisciplinary ‘pain team’ that involves all 
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the techniques and skills of the anesthesiologist peri- 
operatively and the pain team postoperatively is essen- 


tial. The 


intramuscular Demerol 


day when 


(meperidine) could end pain and suffering is surely 
over. The pharmacologic and non-pharmacologic 
tools that we now have in our pain armamentarium 
must be used to end pain in our patients. 
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Introduction 


The environment of a medical office can play a pivotal 
role in making pediatric patients and their families 
comfortable. Engaging decorations, bright colors, 
toys, and play areas often help calm nervous children. 
A bulletin board with patient photos and cards may 
soften the feel of the office. Every effort should be 
made to allow parents to be with their child at all 
times to provide reassurance. Each physician’s style 
and personality is different, but often those who deal 
with children forego the formality of a white coat so 
that the encounter might be more familiar to the 
patient. It is important upon entering the examina- 
tion room first to engage the patient in gentle con- 
versation, when possible, to develop rapport and 
place the child at ease. If the child is old enough, his- 
tory taking generally begins with the child and is sup- 
plemented by parental input. 

The physical examination is generally performed on 
the examining table with a parent standing beside the 
physician at the head of the bed. It is important to let 
the child know that he will not be poked or hurt but 
gently checked. As children approach puberty, they may 
be relieved to have one or both of their parents leave 
for the examination when given this opportunity by the 
physician. After the examination is completed, it is 
important to let patients know that they are finished so 
they will no longer be ill at ease. Upon leaving the office, 
children are often rewarded for their good behavior so 
that they will look forward to return visits. 

Most physicians find that dealing with children in 
an honest, straightforward manner is best. It is appro- 
priate to tell the child before any uncomfortable pro- 
cedures are undertaken to develop trust in the 
provider. Surprising a child with an unpleasant exam- 
ination or injection results in a loss of trust and faith 
in the physician, which is difficult to regain. Parents 
are encouraged to tell their children honestly about 
diagnostic X-ray examinations and office visits so that 


the children can be appropriately prepared. Under 


these circumstances, the examination and history may 
be completed accurately with little threat to the child. 


The penis 


Foreskin and phimosis 


The appropriate management of penile problems in 
childhood is based upon an understanding of genital 
embryology and postnatal penile development. Geni- 
tal differentiation takes place between the 9th and 
13th weeks of gestation. The glans penis forms from 
the genital tubercle and is covered with a prepuce 
which is adherent to its surface. The preputial attach- 
ments persist throughout gestation and the epithelial 
layer of the inner prepuce and the glans penis are 
fused at birth. The newborn foreskin cannot be 
retracted without disrupting this natural adherence. 
Subsequently, glandular secretions and desquamated 
epithelial debris, collectively called smegma, collect 
between the inner prepuce and the glans penis, grad- 
ually separating these two layers. The build up of this 
material can be impressive and patients may present 
with a mass that can be seen through the thin fore- 
skin. This has been referred to as a foreskin pearl. 
Treatment is not required as the smegma eventually 
erupts at the foreskin meatus, disrupting the adher- 
ence and resulting in partial separation of the fore- 
skin.! This sequence is often misdiagnosed as a penile 
infection, with the smegma presumed to be ‘pus’. 
Reassurance usually quiets parental concerns. 

The physiologic adherence (physiologic phimosis) 
resolves spontaneously, but may remain present for 
several years. Texts suggest that most physiologic phi- 
mosis resolves by the age of 3-5 years, such that the 
glans penis can be fully exposed.? In the authors’ 
experience, limited adherence of little significance 
may remain for years longer. In a longitudinal study, 
Oster? reported that physiologic phimosis in school- 
aged boys resolved over time (Table 10.1). 

Physiologic phimosis should be distinguished from 
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Table 10.1 Incidence of phimosis in children 


Age (years) Phimosis (%) Tight prepuce (%) 


6-7 8 1 
259 6 2 
10-11 6 2 
12-13 3 3 
14-15 1 1 
16-17 1 1 


pathologic or true phimosis. Physiologic phimosis 
exists when the adherence between the inner prepuce 
and glans penis persists as filmy attachments. True 
phimosis occurs when the foreskin cannot be 
retracted after it has been previously retractable, if 
there is a densely thickened prepuce that will not 
retract, or one that remains non-retractile after a 
patient has completed pubertal development. 

The easiest way to differentiate physiologic phimo- 
sis from pathologic phimosis is careful examination. 
Forceful separation of foreskin adhesions is not rec- 
ommended because of pain and trauma to the patient, 
but gentle proximal traction of the foreskin may 
enable one to differentiate between normal and 
abnormal. If the foreskin retracts part way and then 
lays flat against the glans penis and effaces or thins, 
the remaining attachments are probably physiologic 
and more time is required for natural separation to 
occur. If, when the foreskin is retracted to the point 
of attachment there is a thickened, rolled edge, this is 
likely pathologic phimosis due to scarring and inflam- 
mation (Figure 10.1). This is unlikely to resolve spon- 
taneously and may require circumcision. Ballooning 
of the foreskin during voiding is often associated with 
true phimosis as well. There have been recent studies 
suggesting that steroids applied to the prepuce and 
glans penis will help separate physiologic adhesions, 
aiding in the resolution of this diagnostic dilemma.* 

Questions often arise about care of the uncircum- 
cised penis. The genital area should be cleaned as any 
other skin area and the foreskin may be gently 
retracted to the extent allowable without discomfort 
for cleaning. Forcible retraction may result in tearing 
of the foreskin meatus, inflammation, and secondary 
scarring leading to true phimosis. 


Postcircumcision phimosis (entrapped 
penis) 


Following routine neonatal circumcision with any 
standard circumcision clamp, an unusual type of 


Figure 10.1 This prepuce displays a true ‘phimotic 
ring’ laterally and inferiorly with thickened skin, 
whereas superiorly the skin shows a more normal, 
effaced (thin) appearance when the foreskin is pushed 
gently toward the base of the penis. 


secondary phimosis can develop. Since the circumci- 
sion scar is circumferential, and the process of wound 
healing involves contracture, this may cause narrow- 
ing of the shaft skin at the circumcision site. If the cir- 
cumcision site is mobile and sufficient inner foreskin 
remains, the circumcision site can migrate distally 
over the glans and begin to contract in this position 
(Figure 10.2). This contraction and scarring may be 
tight enough that the glans penis can no longer be 
seen and occasionally urinary flow may be restricted. 
This type of phimosis (penile entrapment, secondary 
phimosis) can be avoided by firmly seating the bell of 
the newborn clamp at the coronal margin so that 
there is no redundant inner prepuce remaining which 
might let the circumcision scar ride distally over the 
coronal margin. This seems to be a more common 
problem in young boys with an abundant pubic fat 
pad who may not be candidates for circumcision in 
the first place (Figure 10.3). If secondary phimosis is 


discovered early after circumcision, aggressive fore- 
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Figure 10.2 Entrapped penis following circumcision 
(secondary phimosis). 


skin retraction by stretching the ring with a hemostat 
dilates the scar and the need for later revision of the 
circumcision is avoided. In other cases, the phimotic 
ring may be anesthetized and snipped in the office, 
incising vertically and closing horizontally to create a 
wider circumference. This may not resolve the prob- 
lem in all patients and formal circumcision revision 
may be necessary in some, reducing the inner foreskin 
length so that the circumcision scar cannot migrate 
past the coronal margin; occasionally, removal of 
more shaft skin becomes necessary. 


Penile glanular adhesions (skin bridges) 


After newborn circumcision, the glans epithelium is 
denuded owing to separation of the physiologic adhe- 
sions with the foreskin. The circumcision site is also a 
raw surface and if the glans epithelium and the cir- 
cumcision site rest together for a prolonged period, a 
postsurgical adhesion may form (Figure 10.4). These 
are dense adhesions that cannot be teased apart in the 


Figure 10.3 Severe penile entrapment. This required 
incision of the phimotic ring in two locations followed 
by horizontal closure of the vertical incision lines. 


office. These adhesions usually occur as skin bridges 
so that an instrument tip can be passed underneath 
them, and their blood supply comes from both the 
shaft skin and the glans. Surgical division of such skin 
bridges is required. 

This technique usually requires some sort of anal- 
gesic agent, which may be EMLA® cream, or local 
injection in the office, or if more extensive, general anes- 
thesia. After appropriate analgesia, a hemostat is used 
to crush the bridge near the glans and the adhesion is 
divided with scissors, rotating the blade and cutting the 
skin bridge nearly flush with the glans epithelium. 
Sometimes a second cut flush with the shaft skin will 
be necessary for good cosmesis. It is important not to 
cut the skin bridge in the middle because this often 
leaves a skin tag of shaft skin on the glans penis, which 
is a noticeable cosmetic problem. Suturing may be nec- 
essary for bleeding or wound approximation. Ointment 
is then placed on the penis twice daily for 7-10 days; 
gently retracting the shaft skin prevents the two edges 
from coming into contact to reform the adhesion. 
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Figure 10.4 Postcircumcision skin bridges. 


Paraphimosis 


Paraphimosis is the term applied when the foreskin 
has been retracted and cannot then be brought back 
over the glans penis (Figure 10.5). This can happen 
after the foreskin has been forcefully separated for the 
first time, disrupting the preputial adherence to the 
glans. In the hospital this often occurs when the fore- 
skin has been retracted for the placement of an 
indwelling catheter. Once the catheter has been 
secured, medical personnel neglect to replace the fore- 
skin over the glans penis. With the tight foreskin 
proximal to the glans penis, venous congestion leads 
to progressive swelling. When paraphimosis is recog- 
nized, it is imperative that the foreskin be immedi- 
ately placed back over the glans to allow the blood 
flow to return to the prepuce and glans. If there is sig- 
nificant edema, this can be difficult. The best tech- 
nique is to hold a gauze sponge with the index and 
third fingers of each hand proximal to the foreskin, 
with the gauze covering the fingers for traction. The 
thumbs push the glans penis back through the para- 
phimotic ring between the other four fingers that are 
supporting it. A minute or two of steady pressure 
may be required to decompress the glans and force 
the foreskin edema proximally and allow for the glans 
to suddenly slip through to the paraphimotic ring. 
Placing ice on the penis before this procedure has 
been advocated and a penile anesthetic block may be 
administered before the manual reduction. Addition- 
ally, infiltration of the edematous foreskin with 
hyaluronidase has been reported to facilitate decom- 


Figure 10.5 Paraphimosis with edematous, discolored 
prepuce trapped proximal to glans penis. 


pression.® If manual reduction is unsuccessful, imme- 
diate dorsal slit of the tight preputial ring will restore 
venous drainage from the distal tissue. A formal cir- 
cumcision can be completed at a later date if neces- 


sary. 


Office pediatric urology 203 


Meatal stenosis 


Stenosis of the urethral meatus seems to be largely an 
acquired problem of circumcised boys. Recurrent 
meatitis or meatal inflammation secondary to pro- 
longed exposure of the meatus to the moist and irri- 
tating environment of the diaper (ammoniacal 
dermatitis) or other inflammatory skin diseases can 
induce this problem. The delicate meatal skin edges 
lose their superficial epithelial lining when inflamed, 
and as a result become adherent in a side-to-side fash- 
ion. This almost always occurs ventrally and pro- 
gresses dorsally, and boys are left with a small or even 
pinpoint meatus at the apex of the glans. Some 
authors have suggested that the advent of disposable 
diapers has led to increasing prevalence of this prob- 
lem since the 1980s. The occurrence of meatal steno- 
sis is distinctly unusual in an uncircumcised boy and 
therefore is best considered a potential side-effect of 
circumcision. 

Causes beyond simple irritation which can induce 
strictures of the meatus include prior hypospadias repair 
or other penile surgery, prolonged urethral catheteri- 
zation, trauma, or balanitis xerotica obliterans (BXO). 
These diagnoses are often apparent on examination or 
when reviewing the child’s history. BXO induces a char- 
acteristic whitish circumferential discoloration of much 
of the glans and may induce a narrowing of the ure- 
thra extending more proximal than simple irritative 
meatal stenosis. BXO is more difficult to treat. 

Normal meatal caliber based onage has been reported 
in boys. In general, a boy under the age of 1 year should 
have a meatus that easily accepts a 5 Fr feeding tube. 
Between the ages of 1 and 6 years this increases to at 
least an 8 Fr size. It can be difficult to estimate meatal 
size accurately when inspecting this visually. However, 
gentle lateral traction on the meatal edges to open the 
meatus side to side reveals the typical fused appearance 
of the ventral edges, confirming some degree of steno- 
sis. On the other hand, if normal urethral mucosa can 
be everted, meatal size is probably adequate. Final con- 
firmation is obtained by observing voiding. There is a 
characteristic dorsal deflection of the stream due to a 
ventral lip of scar tissue as a result of fusion of the meatal 
edges. The patient also demonstrates a very fine-caliber, 
forceful stream with a long voiding distance. This is 
due to the acute decrease in the size of the lumen of 
the urethra distally and the secondary accelerated veloc- 
ity of the urine. Some patients will learn to direct their 
penis towards their feet during voiding so that the 
stream will enter the toilet bowl, whereas others seem 
not to catch on and miss the bowl entirely. 


Meatal stenosis is uncommonly diagnosed prior to 
a boy becoming toilet trained. There may be inter- 
mittent dysuria with discomfort at the tip of the glans 
and occasional blood spotting in the underwear due 
to recurrent inflammation at the meatus. Patients 
with meatal stenosis demonstrate a prolonged voiding 
time and some boys decide that it is simpler to sit 
during voiding rather than try to direct their streams 
while standing. It should be noted that meatal steno- 
sis is an unlikely cause of recurring urinary tract infec- 
tion (UTI) or true obstruction to the lower urinary 
tract. When the history, examination, and observation 
of the urinary stream suggest meatal stenosis, no 
other diagnostic evaluation is required. 

When any of the above symptoms are present, and 
voiding is characteristic, treatment of meatal stenosis 
is generally warranted. Simple dilatation of the ure- 
thral meatus will often result in tearing of the skin 
edges and a high rate of recurrent stenosis. Urethral 
meatotomy is, therefore, the preferred method of treat- 
ment. Meatotomy is a very simple procedure in which 
one prong of a hemostat is inserted within the urethral 
meatus and directed toward the ventrum in the mid- 
line of the glans a few millimeters proximal to the 
stenotic pinpoint meatus. The skin edges are crushed 
together for 1-2 minutes. Once the clamp is removed, 
fine scissors are used to incise the ventral midline, thus 
reopening the meatus (Figure 10.6). The crushed skin 
remains together, generating appropriate hemostasis. 

Options exist in terms of anesthetic techniques for 
meatotomy. The procedure may be performed under 
a general anesthetic in the operating room as a quick 
and simple outpatient procedure; however, this is 
generally not necessary. Some urologists have per- 
formed this procedure in an office setting by injecting 
a small amount of lidocaine with epinephrine directly 
into the ventral meatal skin using a small-caliber 
needle. This provides analgesia and hemostasis. How- 
ever, most boys will not tolerate this since the injec- 
tion is distinctly uncomfortable. 

More recently, the authors have reported using top- 
ical EMLA cream (eutectic mixture of local anesthet- 
ics) applied over the entire glans to anesthetize the 
meatus and perimeatal skin for urethral meato- 
tomy.®7 Others have recently reported a similar use 
for EMLA cream.’ The EMLA cream is applied liber- 
ally over the entire glans, especially on the ventrum. It 
is secured in place with an occlusive dressing and left 
in contact with the glans skin for 1-1.5 hours before 
the procedure (Figure 10.7). The cream is removed 
and the meatotomy is completed. The vast majority of 
patients experience no discomfort when EMLA cream 
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Figure 10.6 Vertical incision for meatotomy following 
60 seconds of clamping with a hemostat. 


is used with this technique. Occasionally, there will be 
a sensation of pressure when the hemostat is clamped. 
This is almost always at the most proximal point of 
clamping. In an occasional patient the EMLA cream 
may be supplemented with a small amount of injected 
lidocaine with epinephrine, which seems to be mini- 
mally uncomfortable when given following EMLA. 
Uncommonly, a patient may require a suture on each 
side of the meatotomy for oozing from the meatal 
edges following the procedure. 

Patient tolerance of the procedure overall is quite 
good as long as a caring and patient approach is taken 
to reassure boys before and during the procedure. 
The room is quiet with minimal lighting and parents 
bring some of the child’s books and hand-held toys 
for the waiting period after the EMLA is applied. Par- 
ents stay in the room during the procedure and this 
further reassures the child. The authors have chosen, 
based on parental preference and patient personality, 
to use midazolam hydrochloride as an anxiolytic with 
good results in some patients. However, the general 


mT 


Figure 10.7 EMLA cream is applied over entire glans 
prior to meatotomy. This remains for at least 60 min- 
utes before the procedure. 


observation has been that midazolam is unnecessary 
for the majority of patients. 

Following meatotomy, it is crucial to keep the 
edges of the meatus separated so that restenosis does 
not occur. Immediately following meatotomy, while 
still in the office, the parent is shown how to apply 
antibiotic ointment within the meatus. The parent 
then continues this at home, using one hand to sepa- 
rate the meatus while the other index finger is used to 
place a small amount of ointment directly into the 
meatus. This is continued twice daily for the first 2 
weeks and then once daily for another 4 weeks. Alter- 
natively, a small tube of ophthalmic ointment (Lacri- 
Lube) may be used as a meatal dilator. A small 
amount of the ointment is extruded from the metal 
tip for lubrication and the tip is then passed within 
the meatus. It is of appropriate size to serve as a dila- 
tor for most boys undergoing meatotomy. The use of 
meatal dilation may be helpful in certain cases if read- 
herence of meatal edges is problematic, but the 
authors do not feel that it is routinely required. 
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Patients may be expected to experience mild 
dysuria for the first 1-2 days postoperatively. It has 
generally been helpful to have them take ibuprofen or 
acetaminophen 2 hours preoperatively to decrease 
discomfort. Boys at the age of 3 or 4 years may 
respond to meatotomy by holding the urine for pro- 
longed periods of time. Placing them in a warm tub 
often stimulates voiding in this circumstance. One 
value of keeping ointment over the meatal edges is 
that it functions as a barrier to shield the surface from 
the passage of urine and the resulting discomfort. It 
should also be noted that increasing the fluid intake 
for the first day or two following the procedure 
dilutes the urine and leads to less dysuria. Minor 
blood spotting in the underwear following meato- 
tomy is common for l-2 days. Printed handouts are 
given to parents with these recommendations and 
they are warned of the risk for restenosis when the 
instructions are not followed. In addition, boys who 
remain wet following meatotomy, from either still 
being in a diaper or having problems with persistent 
incontinence, are at risk for redeveloping stenosis 
based upon recurrent inflammation of the meatus. 
This group may not be candidates for treatment until 
dryness is achieved. Two out of 226 patients seen by 
the authors required a second meatotomy. Over the 
same period that they have used EMLA cream for 
analgesia, the authors have chosen to perform meato- 
tomy in the operating room in three boys due to 
patient behavioral issues, including extreme attention 
deficient disorder. As experience has been gained, it 
has become apparent that midazolam works well in 
the moderately overactive, anxious, or difficult young 
boy, and meatotomy in the operating room should be 
reserved for the patient with BXO or posthypospadias 
meatal stenosis. 


Non-neonatal circumcision 


The pros and cons of newborn circumcision have 
been and will continue to be debated. Less discussion 
surrounds circumcision after the newborn period, 
when it is estimated that 1 in 100 uncircumcised boys 
will require circumcision.? During childhood the 
most common indication for circumcision is phimo- 
sis. This develops because of preputial irritation lead- 
ing to inflammation, scarring, and thickening of the 
preputial opening so that the foreskin cannot retract. 
Hygiene then becomes a problem and, occasionally, 
this process is so severe that urine flow is affected and 
the preputial sac dilates with urine dribbling out after 
voiding. In some patients with chronic skin irritation 


and inflammation, fissures of the prepuce develop. 
This makes spontaneous erections and retraction of 
the foreskin painful, and discomfort occasionally 
awakens the patient during sleep. Steroid ointments 
may reduce inflammation, but circumcision is indi- 
cated if fissures persist. 

Balanoposthitis is an infection of the glans and 
preputial sac. This infection occurs uncommonly, 
but can be painful. Skin flora are usually the pre- 
dominant organisms found on culture. If the bal- 
anoposthitis is mild, sitz baths and topical antibiotic 
ointment (bacitracin) may be sufficient. If cellulitis 
and fever are present, then a systemic antibiotic is 
added. The first episode of balanoposthitis is not a 
mandatory indication for circumcision. Recurrent 
episodes strengthen the argument for circumcision. 
Penile hygiene should be reviewed with the parents 
and patient. 

UTIs are more common in uncircumcised boys, 
especially during the first 6 months of life. Some con- 
sider a UTI in a boy an indication for circumcision. 
After 1 year of age the increased risk for UTI in the 
uncircumcised male diminishes. 

Penile cancer is known to be prevented by newborn 
circumcision. It is thought that the development of 
penile cancer closely correlates with penile hygiene, 
and in developed countries where hygiene is good, 
the rate of penile cancer is very low regardless of cir- 
cumcision status. Since penile cancer is very uncom- 
mon, the likelihood of a serious circumcision 
complication may be higher than the eventual possi- 
bility of penile cancer. 

Occasionally, trauma to the prepuce leads to cir- 
cumcision. Zipper trauma is the most common occur- 
rence. Usually, with local anesthesia, the zipper can be 
dislodged by simple advancement or at times by cut- 
ting the median bar of the zipper, thereby allowing 
the teeth to separate. Occasionally, circumcision may 
be warranted acutely. 

After the newborn period the indications for cir- 
cumcision are relatively few. Circumcision is gener- 
ally performed under general anesthesia after the 
newborn period, although a recent report documents 
the use of local blocks and circumcision in boys 
beyond this period.!° Depending upon the age of the 
patient and the size of the penis, surgical excision and 
suturing or newborn clamps may be used. The proce- 
dure is usually successful, with low complication 
rates, and is performed on an outpatient basis. Recov- 
ery is generally prompt, with the older patients expe- 
riencing more discomfort and having a longer 
recovery period. 
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Genital holding 


Children who hold or clutch their genitalia are often 
of concern to their parents. This behavior begins 
shortly after toilet training and may last through the 
prepubertal years. It is more common in boys than 
girls. In boys, some degree of genital holding is 
almost universal. This behavior is thought to have no 
significant sexual or psychological implications;! is 
thought to be normal and does not warrant any diag- 
nostic studies. Seldom is there any underlying physi- 
cal cause and evaluation beyond physical examination 
and urinalysis is not warranted. The best advice for 
parents is to have them redirect the child’s attention 
without placing great emphasis on this behavior. 
Generally, over time, children learn more acceptable 
public behavior without the apparent preoccupation 
for genital holding. Occasionally, very persistent 
holders may be told that the behavior may make 
others uncomfortable, and that for this reason, if they 
must hold themselves, they should do this in private. 
Parental education and reassurance is the best course 
of management. 


Female-specific problems 


Urethral prolapse 


The circumferential eversion of urethral mucosa 
through the urethral meatus may be seen in girls and 
is termed urethral prolapse. It is associated with vas- 
cular congestion and possible strangulation of the 
prolapsed tissue. It is possible to have a partial or 
incomplete prolapse, but complete urethral prolapse 
is more common.!! The etiology of urethral prolapse 
is unclear. Suggested causes include: poor attachment 
between the inner longitudinal and outer circular and 
oblique smooth muscle layers of the urethra associ- 
ated with antecedent episodes of increased abdominal 
pressure, mucosal redundancy and vaginal mucosal 
atrophy, estrogen deficiency leading to lax peri- 
urethral fascia, neuromuscular disorders, urethral 
malposition, increased width of the urethra, poor 
bladder support, and deficient elastic tissues.!? Predis- 
posing Valsalva maneuvers such as chronic coughing, 
asthma, and constipation, as well as UTI and trauma, 
have been reported. 13-16 

Urethral prolapse is often misdiagnosed as the 
cause of urogenital bleeding in girls. The correct diag- 
nosis at presentation has been reported at only 21%.!7 
It is important to recognize that the prolapse appears 
as a doughnut-shaped mass protruding at the vulva 


Figure 10.8 Urethral prolapse: note the doughnut 
appearance with urethral meatus centrally. 


(Figure 10.8). The mucosa is edematous, friable, 
bright red, or blue-black. As time goes on it may 
become infected, ulcerated, necrotic, or gan- 
grenous.!! The differential diagnosis of urethral pro- 
lapse includes a prolapsing ectopic ureterocele, 
prolapsed urethral polyp, ectopic ureter, prolapsed 
bladder, urethral cyst, hydrometrocolpos, condyloma 
acuminatum, sarcoma botryoides, and periurethral 
abscess. The diagnosis of urethral prolapse is visual 
and based on the typical circumferential appearance of 
the lesion around the meatus. None of the other 
stated conditions has a similar appearance. At times, 
diagnostic confirmation is made by placing a catheter 
or an instrument tip demonstrating that the urethra is 
actually in the center of the edematous tissue. Imag- 
ing studies are not necessary, but a voiding cys- 
tourethrogram (VCUG) can show a narrow, distal 
urethra.!8 The age range at diagnosis in pediatric 
series is from 5 days to 11 years, with a mean of 4.5-6 
years.1416,17,19.20 Urethral prolapse has been reported 
in identical twins.?! Also, 290% of girls with urethral 
prolapse are of African descent in most reports.!41722 
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In addition to bleeding, symptoms include dysuria 
or frequency in 25% of girls;!4161719 9% of the 
patients are asymptomatic, with the urethral mucosa 
showing no tenderness.!!16 Urogenital bleeding from 
a urethral prolapse may be mistaken as being from a 
vaginal source.141617,19,23 

Treatment options vary for urethral prolapse. 
Simple treatments should be tried first, including 
observation alone, topical antibiotic ointment, topical 
estrogen cream, and sitz baths. Surgical treatments 
include primary excision, reduction and catheteriza- 
tion, suture ligation of the prolapsed tissue over a 
catheter, and in adult women cryoablation has been 
reported.?4+ Most published series recommend conser- 
therapy.!417,19.23,25,26 Surgical 
should be reserved for those rare instances of recur- 
rence or persistent, symptomatic prolapse. 12-14-17,19,23 


vative treatment 


Labial adherence 


Labial adherence, midline fusion of the labia minora, 
is a common acquired lesion in young girls. Before 
puberty the labia minora are covered with a thin 
hypoestrogenized epithelium.?”7 An irritating event, 
such as infection, trauma, or inflammation, causes the 
area to become denuded and inflamed, and the medial 
labial surfaces adhere with a fibrinous exudate over 
their surfaces.?” Perhaps the most common inciting 
event is ammoniacal irritation. Adherence generally 
begins posteriorly and progresses anteriorly, leaving a 
small opening for the urine just inferior to the glans 
28 (Figure 10.9). Occasionally the process 
begins near the clitoris, forming a ‘preputial fusion’.?? 
Labial adherence is also known as labial adhesions, 
labial agglutination, gynatresia, vulvar fusion, coales- 
cence of the labia minora, vulvar synechiae, labial 
fusion, and occlusion of the vaginal vestibule. Differ- 
ential diagnosis includes scarring of the labia minora, 
imperforate hymen, vaginal agenesis, clitoral hyper- 
trophy, and intersex disorders.?7 

Labial adherence is fairly common and accounts for 
a large number of the genital abnormalities seen in 
girls. The peak incidence is between birth and 2 years 
old and again around the age of 6-7 years, although 
fusion can be seen until puberty.?®? Most girls with 
fused labia are asymptomatic but some have a 
deflected urinary stream or vaginal pooling of urine. 
Dysuria, generally secondary to the underlying 
inflammatory process, may be a persistent complaint. 
Patients may present with the diagnosis of UTI;78 
however, the suspected infection may simply be a 
contaminated specimen, as urine pools beneath the 


clitoris 


Figure 10.9 Labial adhesions characterized by fusion 
of the labia minora. There is generally a small opening 
anteriorly. 


fused labia before exiting. True adhesion of the labia 
can occur in sexually abused girls with an incidence of 
approximately 3%.?%30 This scarring is often thick 
and irregular in texture, and involves deeper layers.?! 

Treatment of adherent labia minora is not routinely 
required. Parents and referring primary care physi- 
cians should be reassured that they will lyse sponta- 
neously given time. If treatment is thought to be 
necessary, estrogen cream can be applied daily, with 
success reported to be as high as 90% at 8 weeks.?7 
The side effects of the estrogen cream will include 
vulvar pigmentation in all of the patients and breast 
tenderness in 6%, which resolves after the estrogen 
therapy is discontinued.?® However, the long-term 
effects of estrogen given to prepubertal girls are 
unknown and treatment beyond a few weeks is prob- 
ably unwarranted. Persisting adherence can be sepa- 
rated in the office using topical anesthetic (EMLA) 
and gentle, blunt separation.?”?7,78 An oral anxiolytic 
may be considered in such girls for this procedure. 
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Following separation, daily separation of the labia 
with application of an ointment should be continued 
for a time to prevent recurrence.?”8 Forceful separa- 
tion without analgesia is not recommended. 


Vaginal cysts 


Incidental vaginal cysts are uncommon and are often 
found in the newborn period, possibly as a conse- 
quence of stimulation by maternal estrogens. They are 
usually single and between 1 and 3 cm in diameter. 
When recognized in newborns, evaluation should 
include passage of a catheter or instrument into the 
vaginal introitus to assure patency. Rarely, ultra- 
sonography may be necessary to ensure that the 
vagina is normal and not obstructed. These cysts 
almost always rupture spontaneously or resolve over a 
few weeks and need no further treatment. Introital 
cysts are of several types, including Gartner’s duct 
cyst, Miillerian duct cyst, and epithelial inclusion cyst. 

Gartner’s duct is the distal rudimentary portion of 
the wolffian (mesonephric) duct in girls. These ducts 
in girls usually regress and almost completely disap- 
pear. If remnants persist, they are usually found along 
the anterolateral walls of the vagina. Flat, cuboidal cells 
line the cyst.” Gartner’s duct cysts present as a perivagi- 
nal mass and usually appear in infants.*? These cysts 
can be large enough to protrude from the vaginal introi- 
tus or fill the vagina and block its opening.30-33-34 

Miillerian duct cysts are remnants of non-fused 
portions of the Miillerian ducts. They are generally 
asymptomatic and do not usually cause problems 
until menarche. 

Most epithelial inclusion cysts are remnants of the 
urogenital sinus. Following trauma or surgery, buried 
vulvar or vaginal epithelium may also cause epithelial 
inclusion cysts. These are rare in children, although 
not uncommon in older women. 3? They usually occur 
posteriorly and in the midline of the vagina.*° The 
cysts contain thick caseous material with a squamous 
epithelium lining their inner surface.*? Surgical exci- 
sion is the treatment of choice.*# 


Hydrocolpos 


Distention of the vagina with fluid or mucus secre- 
tions is called hydrocolpos. If the uterus is involved, 
the term is hydrometrocolpos. The vagina can be 
obstructed from an imperforate hymen, transverse 
vaginal septum, or atretic vaginal introitus.*° This 
produces a bulging, shiny, pearly gray protuberance 
observed over the vaginal introitus.4#:36 The urethral 
meatus can be noted anterior to the mass (Figure 


10.10). Large abdominal masses can be palpable or 
identified on ultrasonography (U/S). Occasionally, 
urinary retention can be due to a mass effect. Ultra- 
sonography shows a retrovesical oval cystic mass 
occasionally causing hydroureteronephrosis.3” Treat- 
ment consists of drainage of the obstructed vagina 
perineally, but occasionally temporary abdominal 
vaginostomy may be necessary. 


Other interlabial masses 


Paraurethral cysts are known to occur along the distal 
one-third of the urethrovaginal wall.** The urethral 
meatus can be displaced, causing compression and a 
deflected urinary stream or dysuria. These cysts usu- 
ally rupture spontaneously.3®38 


Vaginitis 


Vulvovaginitis is the most common cause of vaginal 
bleeding in the pediatric age group.*? Vulvitis is vulvar 
irritation secondary to trauma, topical allergens, 
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Figure 10.10 Hydrocolpos with duplicated vagina. The 
urethral meatus is seen splayed above the bulging 
mass while the hemostat is placed in the patent 
(second) vaginal opening. 
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mechanical irritation, chemical irritation, or poor 
hygiene.*° Vaginitis is erythema and inflammation of 
the vaginal mucosa generally associated with dis- 
charge. Vulvovaginitis is very often a self-limiting 
problem and immediate work-up is not necessary. As 
the symptoms persist or become more annoying, 
work-up should include sampling of the vaginal pool 
for pH, wet mount, potassium hydroxide swab, and 
examination for chlamydia and gonorrhea. A urinaly- 
sis with culture may be diagnostic. If specific treatment 
is desired, a definitive diagnosis must be made.?? Non- 
infectious causes in infants and children should be 
investigated, including ruling out the presence of a for- 
eign body. Foreign body vaginitis symptoms are sim- 
ilar to other types of vaginitis. Toilet paper remnants 
are the most common objects found in the vagina. 


Non-specific vulvovaginitis 


Non-specific vulvovaginitis refers to a non-purulent, 
non-odorous discharge with a neutral pH and normal 
flora on wet mount. It accounts for 25-75% of all 
vulvovaginitis seen in premenarchal girls.38 The etiol- 
ogy includes poor hygiene, urinary soiling, tight 
clothing, or chemical irritants such as harsh soaps. 
When testing is normal, treatment consists of reassur- 
ance and encouragement of good hygiene and appro- 
priate clothing. 


Newborn physiologic leukorrhea 


It is normal for newborn girls under maternal estro- 
gen stimulation to have a vaginal discharge. It is usu- 
ally clear with white-gray mucus not associated with 
odor or irritation. Wet mount shows numerous epithe- 
lial cells without pathogenic bacteria or leukocytes. 
The discharge diminishes once maternal estrogen stim- 
ulation subsides. The tendency towards treatment with 
vaginal creams and antibiotics should be discouraged. 


Genital infections of the young 


Sexually transmitted diseases 


A common sexually transmitted disease is chlamydial 
infection caused by Chlamydia trachomatis, which is 
an obligate intracellular Gram-negative organism 
capable of infecting the atrophic cuboidal epithelium 
of the prepubertal non-estrogenized vagina.? Young 
children may acquire chlamydia by passing through 
an infected birth canal or by sexual abuse. In new- 
borns, chlamydia may infect the conjunctiva, pharynx, 


vagina, or anus. It is estimated that 50-75% of new- 
borns become infected if their mothers were infected 
with chlamydia.*! 

Gonorrhea is the most common sexually transmit- 
ted disease found in abused children and is not likely 
to occur in children who are not sexually abused .49.42 
It is important to recognize gonorrhea to prevent 
sequelae and to recognize the child who is sexually 
abused. Infants can be contaminated through vaginal 
secretions in the birth canal colonizing the orophar- 
ynx, vagina, and rectum. The infection may remain 
asymptomatic. However, a white, yellow, or green- 
ish, thick vaginal discharge with odor may be present. 
Labial erythema, urethral irritation, proctitis, or 
dysuria may be present. 


Yeast infections 


Other than the cutaneous variety associated with 
diaper rash, yeast infections are more common in 
adult females than in prepubertal girls. The alkaline 
vaginal pH of childhood is hostile to yeast.4? Most 
yeast vaginitis is caused by Candida albicans. Most 
often yeast infections are secondary to such predis- 
posing host factors as broad-spectrum antibiotic use 
or depressed cellular immunity. 


Bacterial vaginosis 


Less commonly, vaginal infections can be due to bac- 
teria and are often listed as non-specific or Gardnerella 
vaginitis. This is now recognized to be caused by a 
mixed flora that includes anaerobic bacteria. 


Pediatric hematuria 


The presence of blood in the urine is a common clin- 
ical entity resulting in referral to pediatric urologists. 
It is a manifestation of abnormalities localized to the 
urinary tract from the kidneys to the urethra. Hema- 
turia may be visible grossly or seen only on micro- 
scopic examination. Urine dipstick measures the 
presence of hemoglobin in urine and can be falsely 
positive for hematuria when hemoglobinuria and 
myoglobinuria are present. Verification of a positive 
urine dipstick for blood using microscopy can be per- 
formed to identify red blood cells (RBCs) within the 
specimen. To be considered significant for hematuria, 
urinalysis (UA) requires 5 RBCs per high-power field 
of a spun urinary specimen. RBC casts, dysmorphic 
or fragmented RBCs, and RBC blebs on UA signify 
a glomerular source for hematuria. Gross hematuria 
accounted for an estimated 1-2 patient visits per 1000 


in pediatric emergency clinics.4344 The incidence of 
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microscopic hematuria in asymptomatic children 
ranged from 14 to 41 per 1000 individuals when a 
minimum of 4 urine specimens were collected.4>-46 

The evaluation of a child with hematuria should be 
guided in a systematic fashion as determined by his- 
tory, physical examination, and laboratory tests. 
Questions regarding the timing of hematuria relative 
to gastrointestinal, cutaneous, and respiratory infec- 
tions are important. The presence of UTI symptoms 
including dysuria, flank pain, fevers, chills, frequency, 
and urgency, and a history of recent trauma, pro- 
longed or vigorous exercise add direction to the initial 
assessment. The character of blood in urine (terminal 
versus throughout voiding), passage of clots, signs of 
stone passage including flank pain, nausea, vomiting, 
and radiating pain associated with hematuria, should 
be recorded. Documentation of any family history of 
renal failure, deafness, sickle cell trait or disease, and 
recurrent hematuria should clue the clinician to a 
hereditary source of hematuria. Medications, such as 
non-steroidal anti-inflammatory drugs (NSAIDs), 
and certain chemotherapeutic drugs, can be causative 
in the development of hematuria. 

Physical examination should identify the presence 
or absence of flank or abdominal tenderness, extrem- 
ity edema, pharyngitis, cutaneous rashes, deafness, 
fever, and hypertension. Urinalyses demonstrating 
proteinuria and/or abnormalities of RBC morphol- 
ogy are present in diseases involving the glomerulus 
or its basement membrane. Nitrites, leukocyte 
esterase, white blood cells (WBCs), and bacteria 
should prompt urine culture to tailor antibiotic treat- 
ment. Further laboratory and radiographic testing 
should be based upon clinical suspicion. 

Asymptomatic microscopic hematuria is often 
identified when routine screening urine dipsticks are 
obtained in children. The absence of an inciting event 
(i.e. trauma), proteinuria, infection, hypertension, 
lower extremity edema, and renal insufficiency is reas- 
suring and most of these patients can be observed 
with follow-up UA in 3-6 month-intervals until they 
normalize. When attributable to vigorous exercise or 
medications (i.e. NSAIDs), repeat UA can be per- 
formed every 1-2 weeks after discontinuation of the 
offending source to confirm resolution of the hema- 
turia. Diagnostic tests such as radiographic examina- 
tions (U/S or VCUG) or invasive procedures, 
including renal biopsy or cystoscopy, are not war- 
ranted in these patients.” If asymptomatic gross 
hematuria or persistent microscopic hematuria 
occurs, diagnostics testing can be tailored, based upon 
history and physical examination. 


When persistent microscopic hematuria develops 
without a contributory history or physical examina- 
tion, obtaining calcium/creatinine (Ca/Cr) ratio, 
parental urinalysis, and hemoglobin electrophoresis 
(if the patient is of African—American descent), is 
helpful in assessing for hypercalciuria, benign familial 
hematuria, and sickle cell disease/trait, respectively. 
The spot calcium/creatinine ratio is considered abnor- 
mal when >0.21 in children >6 years of age.*® Alter- 
natively, a 24-hour urine collection demonstrating a 
urine calcium level >4 mg/kg/day is diagnostic for 
hypercalciuria.*? In a small retrospective study of chil- 
dren referred for microscopic hematuria,*” evaluation 
of serum electrolytes, creatinine, cystoscopy, VCUGs 
and U/S of the kidneys and bladder failed to show 
abnormalities. However, serum creatinine and renal 
U/S are often utilized to assist in the initial evaluation 
despite their apparent low yield. When normal, par- 
ents can be reassured that their child’s prognosis is 
excellent. Nonetheless, these patients should be fol- 
lowed yearly to assess for the development of pro- 
teinuria, hypertension, new symptoms, or resolution 
of hematuria that would alter current management. 

When microscopic hematuria is associated with 
symptoms, patient evaluation should be tailored 
based on clinical presentation. The concomitant pres- 
ence of proteinuria, hypertension, and peripheral 
edema should prompt an assessment to distinguish 
between glomerular etiologies of hematuria. Labora- 
tory tests including chemistry panel, complete blood 
count (CBC), C3, C4, albumin, antistreptolysin-O 
(ASO) and anti-DNAase-B antibodies will facilitate 
discriminating between the different immune and 
basement membrane abnormalities. Prompt referral 
to a pediatric nephrologist should occur in the pres- 
ence of an acutely ill child, rapidly progressing or 
chronic glomerulonephritis, patients exhibiting symp- 
toms of nephritic syndrome, uncertainty of a correct 
diagnosis, or the need of assistance in management 
and therapy.°° However, when microscopic hema- 
turia is associated with a small amount of proteinuria, 
a conservative course with close follow-up can be 
instituted with further investigation utilizing the 
above algorithm if evidence of persistence or clinical 
progression occurs. 

If a history of recent trauma is present, computed 
tomography (CT) and retrograde urethrography are 
warranted based upon the clinical scenario and judg- 
ment. When signs or symptoms worrisome for a UTI 
occur, protocols should include obtaining urine cul- 
tures, instituting antibiotic therapy based on culture 
sensitivities, and repeating a formal UA and culture 
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after the infection has been treated to assess for reso- 
lution of the hematuria. Non-contrast CT and urine 
calcium analysis are helpful if urolithiasis is suspected; 
abdominal imaging (U/S or CT) if an abdominal 
mass is palpated. 

The presence of gross hematuria can be differenti- 
ated based upon its appearance. Tea- or cola-colored 
urine suggests a glomerular source. Bright red urine 
with normal morphology on microscopic examina- 
tion suggests a urinary tract etiology for the hema- 
turia.5! The absence of RBCs on microscopic 
examination in light of a positive dipstick may be 
indicative of hemoglobinuria or myoglobinuria. Sub- 
sequent work-up for gross hematuria is driven pri- 
marily by clinical presentation. Signs and symptoms 
suggestive of stones, infection, recent trauma, or 
glomerulonephropathies can follow similar protocols 
as described for symptomatic microscopic hematuria. 


Idiopathic urethrorrhagia is seen in prepubertal boys 
who present with blood spotting in the underwear 
between voiding. In a review at our institution, dysuria 
was reported in ~30% of patients and mean age at 
presentation was 10.1 years old.5? Laboratory and 
radiographic studies — intravenous pyelography (IVP), 
U/S, and VCUG - are routinely normal, although 
RBCs can be seen in up to 57% of patients.5253 Symp- 
toms can persist, ranging from a few weeks to 3 or 4 
years. Etiology is unknown, although anterior and pos- 
terior urethritis have been documented.5?54 Cys- 
toscopy is generally considered unnecessary unless 
symptoms persist >24 months as urethral stricture may 
be identified. This process is self-limited and resolves 
by puberty without treatment. 

For a review of the diagnostic algorithms pre- 
sented for pediatric hematuria, please refer to Figure 
10.11. 


Ee | 


Persists Resolves 


Negative 


Negative 


Abnormal 


Normal 


Figure 10.11 Diagnostics algorithm for pediatric hematuria. For abbreviations see text. In addition: BUN, blood urea 
nitrogen; S/Sx, signs and symptoms; prn, as required; H&P, history and physical examination; Hgb, hemoglobin. 


212 Clinical pediatric urology 
References 23. Trotman MD, Brewster EM. Prolapse of the urethral 
mucosa in prepubertal West Indian girls. Br J Urol 1993; 
l. Caldamone AA, Schulman S, Rabinowitz R. Outpatient 72:503-5. 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


pediatric urology. In: Gillenwater JY, Grayhack JT, 
Howards SS, Duckett J, eds. Adult and Pediatric Urol- 
ogy. St Louis: Mosby, 1996: 2730-1. 

Walker RD. Presentation of genitourinary disease and 
abdominal masses. In: Kelalis PP, King LR, Belman AB, 
eds. Clinical Pediatric Urology. Philadelphia: WB Saun- 
ders, 1992: 218-43. 

Oster J. Further fate of the foreskin: incidence of 
preputial adhesions, phimosis and smegma among 
Danish schoolboys. Arch Dis Child 1968; 43:200-3. 
Chu C, Chen K, Diau G. Topical steriod treatment of 
phimosis in boys. J Urol 1999; 162:861-3. 

DeVries CR, Miller AK, Packer MG. Reduction of 
paraphimosis with hyaluronidase. Urology 1996; 
48 (3):464-5. 

Cartwright P, Snow B, McNees D. Urethral meatotomy 
in the office utilizing topical EMLA cream for anesthesia. 
J Urol 1996; 156:857-9. 

Brown MR, Cartwright PC, Snow BW. Common office 
problems in pediatric urology and gynecology. Pediatr 
Clin North Am 1997; 44:1091-115. 

Hoebeke P, Dupawn P, Van Laecke E et al. The use of 
EMLA cream as anaesthetic for minor urological surgery 
in children. Acta Urol Belg 1997; 65:25-8. 

Bloom DA, Wan J, Key D. Disorders of the male exter- 
nal genitalia and inguinal canal. In: Kelalis PP, King LR, 
Belman AB, eds. Clinical Pediatric Urology. Philadelphia: 
WB Saunders, 1992: 1015-18. 

Jayanthi VR, Burns JE, Koff SA. Postneonatal circumci- 
sion with local anesthesia: a cost-effective alternative. J 
Urol 1999; 161:1301-3. 

Shah BR, Tunnessen WW. Picture of the month. Arch 
Pediatr Adolesc Med 1995; 149:462-3. 

Kleinjan JH, Vos P. Strangulated urethral prolapse. Urol- 
ogy 1996; 47:599-601. 

Kamat MH, DelGaizo A, Seebode JJ. Urethral prolapse 
in female children. Am J Dis Child 1969; 118:691-3. 
Jerkins GR, Verheeck K, Noe HN. Treatment of girls 
with urethral prolapse. J Urol 1984; 132:732-3. 

Lowe FC, Hill GS, Jeffs RD et al. Urethral prolapse in 
children: insights into etiology and management. J Urol 
1986; 135:100-3. 

Fernandes ET, Dekermacher S, Sabadin MA et al. Ure- 
thral prolapse in children. Urology 1993; 41:240-2. 
Anveden-Hertzberg L, Gauderer WL, Elder JS. Urethral 
prolapse: an often misdiagnosed cause of urogenital 
bleeding in girls. Pediatr Emerg Care 1995; 11:212-14. 
Potter BM. Urethral prolapse in girls. Radiology 1971, 
98:287-9. 

Richardson DA, Hajj SN, Herbst AL. Medial treatment 
of urethral prolapse in children. Obstet Gynecol 1982; 
59:69-74. 

Bullock KN. Strangulated prolapse of female urethra. 
Urology 1983; 21:46-8. 

Mitre A, Nahas W, Gilbert A et al. Urethral prolapse in 
girls: familial case. J Urol 1987; 137:115. 

Rock JA, Azziz R. Genital anomalies in childhood. Clin 
Obstet Gynecol 1987; 30:682-96. 


24. 


25, 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


4l. 


42. 


43. 


44. 


45. 


46. 


Friedrich EG. Cryosurgery for urethral prolapse. Obstet 
Gynecol 1977; 50:359-61. 

Redman JF. Conservative management of urethral pro- 
lapse in female children. Urology 1982; 19:505-6. 
Carlson NJ, Mercer LJ, Hajj SN. Urethral prolapse in the 
premenarcheal female. Int J Gynaecol Obstet 1987; 
25:69-71. 

Starr NB. Labial adhesions in childhood. J Pediatr Health 
Care 1996; 10:26-7. 

Clair DL, Caldamone AA. Pediatric office procedures. 
Urol Clin North Am 1988; 15:715-23. 

Starr A. Ureteral plication. A new concept in ureteral 
tapering for megaureter. Invest Urol 1979; 17:153-8. 
Muram D. Labial adhesions in sexually abused children. 
JAMA 1988; 259:352-3. 

McCann J, Voris J, Simon M. Labial adhesions and pos- 
terior fourchette injuries in childhood sexual abuse. Am J 
Dis Child 1988; 142:659-63. 

Klein FA, Vick CW, Broecker BH. Neonatal vaginal 
cysts: diagnosis and management. J Urol 1986; 
135:371-2. 

Muram D, Jerkins GR. Urinary retention secondary to a 
Gartner’s duct cyst. Obstet Gynecol 1988; 72:510-11. 
Gallup DG, Talledo OE. Benign and malignant tumors. 
Clin Obstet Gynecol 1987; 30:662-70. 

Beazley JM. Congenital anomalies of the female genital 
tract excluding intersex. Clin Obstet Gynecol 1977; 
20:533-44. 

Nussbaum AR, Lebowitz RL. Interlabial masses in little 
girls: review and imaging recommendations. AJR Am J 
Roentgenol 1983; 141:65-71. 

Patel VH, Merchant SA, Kedar RP et al. Isolated hydro- 
colpos: ultrasound findings and the importance of confi- 
dent preoperative diagnosis. J Clin Ultrasound 1992; 
20:85-6. 

Emans SJ, Goldstein DP. Pediatric and Adolescent Gyne- 
cology, 3rd edn. Boston: Little, Brown and Co., 1990. 
Fishman A, Paldi E. Vaginal bleeding in premenarchal 
girls: a review. Obstet Gynecol Surv 1991; 46:457-60. 
Jenny C. Sexually transmitted diseases and child abuse. 
Pediatr Ann 1992; 21:497-503. 

Hammerschlag MR. Chlamydia trachomatis in children. 
Pediatr Ann 1994; 23:349-53. 

Judson FN, Ehret J. Laboratory diagnosis of sexually 
transmitted infections. Pediatr Ann 1994; 23:361-9. 
Ingelfinger JR, Davis AE, Grupe WE. Frequency and eti- 
ology of gross hematuria in a general pediatric setting. 
Pediatrics 1977; 59:557-61. 

Anand SK. Hematuria and glomerular disorders. In: 
Osborn LM, DeWitt TG, First LR, Zenel JA, eds. Pedi- 
atrics, Ist edn. Philadelphia: Elsevier Mosby, 2005: 
713-19. 

Vehaskari VM, Rapola J, Koskimies O et al. Microscopic 
hematuria in school children: epidemiology and clinico- 
pathologic evaluation. J Pediatr 1979; 95:676-84. 
Dodge WF, West EF, Smith EH, Bruce H 3rd. Protein- 
uria and hematuria in schoolchildren: epidemiology and 
early natural history. J Pediatr 1976; 88:327-47. 


Office pediatric urology 


213 


47. 


48. 


49. 


50. 


Feld LG, Meyers KE, Kaplan BS, Stapleton FB. Limited 
evaluation of microscopic hematuria in pediatrics. Pedi- 
atrics 1998; 102:E42. 

Sargent JD, Stukel TA, Kresel J, Klein RZ. Normal 
values for random urinary calcium to creatinine ratios in 
infancy. J Pediatr 1993; 123:393-7. 

Parks JH, Coe FL. A urinary calcium—citrate index for the 
evaluation of nephrolithiasis. Kidney Int 1986; 
30:85-90. 

Patel HP, Bissler JJ. Hematuria in children. Pediatr Clin 
North Am 2001; 48:1519-37. 


51. 


52. 


53. 


54. 


Tomita M, Kitamoto Y, Nakayama M, Sato T. A new 
morphological classification of urinary erythrocytes for 
differential diagnosis of glomerular hematuria. Clin 
Nephrol 1992; 37:84-9. 

Walker BR, Ellison ED, Snow BW, Cartwright PC. The 
natural history of idiopathic urethrorrhagia in boys. J 
Urol 2001; 166:231-2. 

Kaplan GW, Brock WA. Idiopathic urethrorrhagia in 
boys. J Urol 1982; 128:1001-3. 

Renouard C, Gauthier F, Valayer J. [Urethrorrhagia in 
boys]. Chir Pediatr 1984; 25:106-9. 


Principles of minimally invasive 


surgery 


Walid A Farhat and Pasquale Casale 


11 


Introduction 


Laparoscopy is becoming increasingly popular in 
pediatric urology, reducing the invasiveness of treat- 
ment and shortening the period of convalescence. ! 
With the development of new instruments, better 
designed for pediatrics, laparoscopy in all ages may be 
now a safe and effective way to treat many urologic 
disorders. Nearly any procedure performed in a body 
cavity can be accomplished using the instrumentation 
available to us today and the variety of laparoscopic 
procedures that can be performed in pediatric patients 
is virtually unlimited.? To master this technique, the 
novice must perform a large number of cases and 
understand that the learning curve is steep so as not 
to get discouraged. 


Anesthesia 


Induction and maintenance of anesthesia may be with 
either inhalational or intravenous agents or a combi- 
nation of both. Nitrous gas increases bowel disten- 
tion, potentially bringing the peritoneum closer to the 
area of dissection for retroperitoneal procedures and 
decreasing working space in transperitoneal proce- 
dures. Intraoperative monitoring should include a 
electrocardiogram (ECG), 
blood pressure, SpO,, temperature, and inspired 
oxygen concentration.’ Although end-tidal CO, may 
not accurately reflect arterial CO, tension, its use is 
helpful in planning appropriate ventilation strategies. 
In infants and children with respiratory illness, capil- 
lary or arterial blood gas analysis might be needed to 
accurately monitor CO, tension. Maintenance intra- 
venous fluid is usually sufficient unless there is unan- 
ticipated bleeding. Finally, it is preferable to insert the 
intravenous line in the arm on the side of the surgery 
for a patient in the flank position for easy access. 


routine non-invasive 


Anesthesia and physiology 


Patient positioning during laparoscopic surgery may 
potentiate the impact of gas insufflation. For 
instance, the Trendelenburg position during 
laparoscopy will increase heart rate and vascular resis- 
tance while decreasing mean arterial pressure and car- 
diac output, whereas the opposite effect is seen in the 
reverse Trendelenburg position.+ Furthermore, flank 
positioning, especially with the kidney rest up and 
patient flexed, will accentuate impaired venous return 
and increase cardiac strain. In fact, the left lateral 
decibitus position produces more significant hemody- 
namic and respiratory changes than the right flank 
position. 


Pressure effects 


As gas is placed in a closed space, it moves depending 
on the partial pressure gradients. Once the pressure 
rises, a plethora of cardiovascular, pulmonary, and 
renal effects may be seen. The heart rate and mean 
arterial pressure increase while the venous return and 
cardiac output decrease. These parameters are seen 
even when pressure is set at a standard working level 
of 10-15 mmHg. Above this level more profound 
hemodynamic alterations are anticipated to occur, 
with further decrease in cardiac output. Furthermore, 
limitation of diaphragmatic mobility may cause respi- 
ratory restriction, manifested by increased airway 
pressure, requiring an increase in the peak end-inspi- 
ratory pressure to maintain a set tidal volume. Finally, 
renal effects occur secondary to gas insufflation, man- 
ifested by decreased glomerular filtration rate (GFR) 
and urine output. Animal studies have shown that gas 
insufflation causes renal vein compression, inducing 
decreased renal blood flow, decreased urine output, 
and diminished creatinine clearance.*-° These effects 
do not appear to cause renal damage in humans, how- 
ever. 
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Absorption effects 
Insufflated CO, is absorbed into the blood by diffu- 


sion, which is limited and determined by many vari- 
ables; most important are the pressure differential and 
the cross-sectional area of the absorbing surface. The 
effects of gas absorption are either pulmonary or 
hemodynamic. The pulmonary effects are increased 
CO, retention and increased end-tidal CO,, exacer- 
bated by decreased functional residual capacity and 
decreased diaphragmatic excursion. The hemody- 
namic effects of hypercarbia are increased heart rate, 
vasodilation, and increased cardiac contractility. 
Although in healthy children there is little if any 
added cardiorespiratory risk from laparoscopic proce- 
dures, children with cardiopulmonary compromise 
require close and careful monitoring.’ 


Instrumentation 


Rapid progress in video technology and the miniatur- 
ization of instruments to <2 mm in diameter have 
made the performance of a variety of pediatric laparo- 
scopic procedures possible.* Instruments of this size 
and larger come in nearly every variety (scissors, 
needle holders, dissectors, graspers, clamps, suction 
devices, energy delivery devices, etc.) and facilitate the 
performance of the most complex cases. The surgical 
procedure, in combination with the size of the 
patient, will determine the surgeon’s selection of 
instruments and telescope size. Laparoscopic trocars 
are available in 3mm, 5mm, and 10-12 mm sizes, 
with corresponding instruments and reducers. Tele- 
scopes are available in 3.3mm, 5mm, and 10mm 
sizes, with varying degrees for optimal visualization. 
For most ablative or reconstructive urologic proce- 
dures, 3 mm or 5 mm trocars are sufficient. However, 
sometimes 10-12 mm trocars may be necessary if a 
stapling device needs to be utilized, or when specimen 
extraction is anticipated. 


Access 


For all laparoscopic procedures, whether transperi- 
toneal or retroperitoneal, there are two techniques to 
gain access into the peritoneum: blind access and 
access through visualization. The blind closed 
approach is facilitated through the use of a Veress 
insufflation needle. A stab wound is made with either 
a #15 or a #11 blade, the Veress needle is inserted 


through the 1 mm opening, passed through all layers 
of tissue, and verification of placement is confirmed 
by opening the stopcock and infusing a small amount 
of saline into the channel to verify placement typically 
in the retroperitoneal approach. For transperitoneal 
procedures, it is more accurate to attach the insuffla- 
tion needle to the insufflator and monitor pressures. 
Low pressures (<10 mmHg) are a reliable indication 
of being intraperitoneal. The second technique is the 
open (Hasson) approach and is facilitated through 
the use of direct and telescopic visualization of all 
tissue during insertion of the trocar with a blunt obtu- 
rator to gain access into the working space. This tech- 
nique is generally preferred in children and is 
especially ideal for obese patients. All proposed trocar 
sites are injected with bupivacaine 0.5%, with 
1:100 000 epinephrine after insufflation and prior to 
accessory trocar placement.? Placement of accessory 
ports should be carried out using direct vision from 
within. The location of the accessory trocars depends 
on the operation to be performed, and specifics of all 
trocar placements are described below in the 
transperitoneal and retroperitoneal laparoscopy sub- 
sections of this chapter. 


Trocar fixation 


For all laparoscopic procedures a short (~1 cm) sec- 
tion of rubber, plastic tubing, or cone can be placed 
around the trocar shaft, about one-third the way from 
the tip to the hub of the trocar. This prevents the 
trocar from being pushed into the surgical cavity as 
instruments are advanced. Prior to CO, insufflation, a 
2-0 Vicryl (UR-6 needle) suture may be placed 
around the trocar and in the fascia as a purse-string 
suture. Once the depth of the trocar is well delineated, 
this suture is tied to the side of the port and serves 
several purposes: it prevents the trocar from moving 
in or out during instrument manipulation; it 
decreases the possibility of subcutaneous emphysema 
or leakage of CO, from around the trocar site; and it 
can be used to lift the abdominal wall to enlarge the 
retroperitoneal space. 


Insufflation 


Newer insufflators can deliver a great volume of gas 
rapidly; this may be dangerous in an infant weighing 
less than 2 kg. In addition to pressure fluctuation, 
CO, insufflation with unwarmed high-flow gas may 
cool a tiny infant quickly.*-5 Whereas the rule is to 
insufflate with just enough pressure to have unob- 
structed visualization, pressures of 15 mmHg appear 
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to be well tolerated in any size patient with the only 
issue being ventilatory compromise in infants with 
marginal lung function. For all laparoscopic proce- 
dures, CO, insufflation should be started at a pressure 
of 12-15 mmHg for children >2 years old and 
8-10 mmHg for children <2 years old. 

Both the peritoneal and retroperitoneal spaces are 
closed yet expansible. The physiologic consequences 
of CO, insufflation may be related to the compressive 
effects of the gas or the metabolic consequences of the 
gas absorption. With insufflation, the gas will attempt 
to reach equilibrium with the surrounding environ- 
ment; such equilibrium is monitored with the use of 
insufflators that not only control the flow of gas but 
also monitor the feedback pressure generated from 
the insufflation. 


Operative approaches 


Indications for retroperitoneal or 
transperitoneal laparoscopy 


E Total nephrectomy. 

E Partial nephrectomy for duplicated renal system. 

E Distal ureterectomy for duplication anomaly. 

E Pyeloplasty. 

E Pyelolithotomy and ureterolithotomy. Extracorpo- 
real lithotripsy and endourologic procedures have 
almost eliminated the need for open surgery to 
remove urinary stones. On the other hand, in 
patients who have unusual anatomy such as ectopic 
kidneys, a laparoscopic approach may be used 
either to perform pyelolithotomy or to help in get- 
ting direct percutaneous access to the kidney. 

E Adrenalectomy for cortical adenoma associated 
with congenital adrenal hyperplasia. 


Contraindications to laparoscopy 


Contraindications to laparoscopy in infants, children, 
and adolescents are the same as for any other surgical 
procedure, except for evidence of limited lung reserve 
function, which may be considered as a relative con- 
traindication. If the patient is septic, in shock, or 
exhibits a coagulopathy, these should be corrected 
before surgery is contemplated. If surgery is deemed 
essential under these circumstances, then it probably 
should be performed open.* 


Strong contraindications 


E Cardiopulmonary morbidity. 
E Uncorrected coagulopathy. 


E Sepsis. 

E Malignant tumors. Although laparoscopy may play 
a role in the staging of malignant pediatric abdom- 
inal tumors such as Wilms’ tumor or neuroblas- 
toma, its role in the management of these tumors 
has yet to be defined. Morcellation of specimens 
for extraction has raised concerns about accurate 
pathologic staging; hence, large-sized tumors man- 
date an incision to retrieve them. In addition, the 
fragile consistency of the tumor makes it more 
prone to rupture, and hence may obviate the use of 


this technique." 


Retroperitoneal laparoscopic approach 
Relative contraindications 


E Prior retroperitoneal scar (kidney surgery, kidney 
biopsy, or pyeloplasty). 

E Previous infectious or inflammatory retroperi- 
toneal process (xanthogranulomatous pyelonephri- 
tis), except for experienced surgeons in this 


approach. 


Advantages 


E The technique mimics the open urologic surgical 
procedure through the retroperitoneal approach. 

E This direct approach to the organs of the geni- 
tourinary tract requires less dissection to the colon 
or the spleen to expose the kidneys and adrenals. 

E Previous transperitoneal surgery does not preclude 
retroperitoneoscopy. 

E Trocar sites have less postoperative hernias than an 
open incision. 

E It facilitates the view of the posterior surface of the 
kidney hence rapid access to the renal hilum. 


Disadvantages 


E Manipulation of instruments may be initially diffi- 
cult due to a restricted working space: e.g. in 
reconstructive surgery such as a pyeloplasty, sutur- 
ing and knot tying may be difficult, as well as in 
ablative surgery, the degree of technical difficulty 
increases in the presence of large-sized specimens. 

E Achieving anatomic orientation may initially be a 
challenge for the inexperienced laparoscopist.° 


Anatomic considerations for retroperitoneal 
laparoscopy 


An understanding of the retroperitoneal surgical 
anatomy is mandatory before embarking on retroperi- 
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toneoscopic surgery. The boundaries of the retroperi- 
toneal space are: 


E posteriorly and laterally — the paraspinous, psoas, 
and quadratus lumborum muscles, which are 
anatomically fixed structures 

E anteriorly — the mobile posterior parietal peri- 
toneum and its contents 

E superiorly — the diaphragm 

E inferiorly — contiguous with the extraperitoneal 
portions of the pelvis. 


The retroperitoneum contains the great vessels, kid- 
neys, adrenals, and ureters, in addition to the perire- 
nal adipose and aerolar tissues. Since there is no 
preformed space, pneumoretroperitoneum is only 
accomplished after breaking up the adipose aerolar 
tissue in the retroperitoneum. 


Patient preparation and positioning 


Bowel preparation for retroperitoneoscopic renal 
surgery may be recommended in adults; however, this 
has not been our practice in children. 

Although a retroperitoneoscopic approach may be 
accomplished with the patient prone, we prefer the 
flank position as it increases the anteroposterior 
dimensions of the retroperitoneal space and displaces 
the peritoneal reflection anteriorly, decreasing the 
chance of inadvertently opening it. The patient is 
positioned in the full 90° flank position as close to the 
posterior edge of the table as possible. To further 
increase the retroperitoneal space, the table is flexed 
and the kidney rest elevated. Pressure points are 
meticulously padded and an axillary roll is placed to 
prevent postoperative complications such as brachial 
plexus palsy. The patient should be taped to the table 
using 3-inch adhesive tape placed across the shoulder 
and the hips so that the patient will remain secured 
while the table is moved during the surgery. 

We prefer to have the surgeon and assistant stand- 
ing on the same side of the table and we use only one 
monitor. We believe that having both surgeon and 
assistant in the same line of vision facilitates eye-hand 
coordination, particularly that of the assistant sur- 
geon. 


Laparoscopic technique 


Access to the retroperitoneum is preferably achieved 
by the open (Hasson) technique, which provides 
visual guidance. As children have a small retroperi- 
toneal space, and close proximity between the abdom- 
inal wall and the major vessels, the closed technique is 


not recommended. In addition, since there is no 
actual pre-existing retroperitoneal space, the place- 
ment of a Veress needle is not precise and may cause 
either injury to the great vessels or pneumoperi- 
toneum. 

In the midaxillary line, a 1 cm long incision is made 
1-2 cm below the tip of the 12th rib. The muscles are 
split in the direction of their fibers and then the 
lumbodorsal fascia is incised to enter the retroperi- 
toneum. The method for the development of the 
retroperitoneal space using a blunt instrument or the 
balloon dissector is up to the surgeon. Although com- 
mercial balloon dissectors are readily available, an 
inexpensive balloon can be made using the finger of a 
surgeon’s glove tied around a catheter. The balloon is 
inserted anterior to the psoas muscle and outside 
Gerota’s fascia, and approximately 400-500 ml of air 
is used to inflate the balloon, creating the space. 
Instead of using a balloon we introduce a wet gauze 
close to the posterior muscular wall to create the 
retroperitoneal space. 

Insertion of the primary trocar in the correct space 
is of paramount importance because inserting the 
trocar too far medially may result in peritoneal entry 
or colon injury, whereas entering posteriorly in the 
quadratus or psoas muscles may cause bleeding. If 
Gerota’s fascia is easily visible, it is incised and opened 
for direct CO, insufflation, although this technique 
may be associated with inadvertent peritoneotomy. 
For this reason, it is preferable to create the retroperi- 
toneal space outside Gerota’s fascia, dissect the peri- 
toneum medially, and then insert the posterior 
secondary 5 mm trocar, open Gerota’s fascia under 
vision, and proceed with the creation of the retroperi- 
toneal space by medially dissecting the peritoneal 
reflection for the third trocar insertion. 

We exclusively create the retroperitoneal space 
using blunt dissection. Through the incision and with 
the psoas muscle as a reference point, a 10 mm trocar 
with the laparoscope (0°) is inserted to confirm cor- 
rect placement. Initially, the posterior—inferior aspect 
of Gerota’s fascia and the lower pole are visualized. 
Identification of the psoas muscle posteriorly is cru- 
cial; on the other hand anteriorly, the edge of the 
peritoneum is identified and swept medially to expose 
the underside of the transversalis fascia. To avoid tear- 
ing the peritoneum, it is dissected medially by manip- 
ulating the laparoscope in a lateral to medial fashion 
close to the abdominal wall to expose the internal sur- 
face of the transversalis muscle. Having created the 
working space, two 5mm secondary trocars are 
inserted. The posterior secondary port is first inserted 
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approximately midway between the 12th rib and the 
iliac bone, and lateral to the border of the paraspinous 
muscles. Using a grasper through this trocar, the peri- 
toneum is further mobilized medially to create the 
pelvic extraperitoneal space. The anterior secondary 
trocar is inserted at the anterior axillary line 2 cm 
superior to the iliac crest. The two secondary ports 
should be inserted as far apart as possible to improve 
ergonomics. 

In order to place the secondary trocars under 
vision, a 30° laparoscope may be used. However, we 
use the 0° telescope, and we insert the trocars in the 
following fashion for both the retroperitoneal and the 
transperitoneal approach. A small skin stab is made 
using a #11 blade; then, using sharp-tipped obtura- 
tors, the trocars are advanced through the muscles 
and fascia. Once in the retroperitoneal space, a blunt- 
tipped obturator is exchanged for a sharp one and the 
trocars are advanced into the retroperitoneum. This 
safety tip prevents injury to the peritoneum or the 
major vessels. In addition, while inserting the trocar, 
it should be directed toward the area of dissection 
because if the trocar is advanced away from the site of 
dissection, this might result in constant tension on the 
skin during surgery or a greater chance of gas leakage 
at the trocar site. 

Although the sites of the telescope and other tro- 
cars are the same for all retroperitoneal renal and 
adrenal laparoscopic procedures, the sequence of 
operative strategy and the need for accessory trocars 
depend on the surgical procedure. In event that more 
than three ports are required, laparoscopic guidance 
and bimanual palpation are recommended for accu- 
rate placement. For instance, during retroperitoneo- 
scopic pyeloplasty, an additional port may be required 
to maintain traction on the ureteropelvic junction for 
better exposure; in this case, a fourth trocar (3 or 
5 mm) is placed along the anterior axillary line at the 
tip of the 11th rib. In order to avoid inadvertent peri- 
toneotomy, adequate dissection of the peritoneal 
reflection medially at the trocar insertion point is 
mandatory. 

The following laparoscopic landmarks are useful 
for orientation in any retroperitoneoscopic renal pro- 
cedure: the psoas muscle and posterior aspect of the 
kidney are identified first. This approach allows rapid 
visualization of the ‘vertically’ oriented main artery 
and vein. To further facilitate exposure of the renal 
pedicle, save dissection of the anterior surface of the 
kidney to the last step. This will maintain retraction 
on the renal pedicle in case a nephrectomy or a partial 
nephrectomy is contemplated. In addition, this 


approach will suspend the kidney anteriorly, exposing 
the ureteropelvic junction in case a pyeloplasty is per- 
formed. 

For identifying the renal hilum, locate the psoas 
muscle, then find the great vessels medially and these 
will lead to the renal pedicle. In addition, identifying 
the distal ureter and following it proximally, with the 
pulsations of the renal artery, aorta, or vena cava, may 
help to locate the renal hilum. On the right side, ini- 
tial identification of the inferior vena cava on the 
medial aspect of the psoas muscle facilitates identifica- 
tion of the gonadal, renal, and possibly the suprarenal 
veins, which are all located in the same plane. On the 
left side, the pulsations of the aorta are often visual- 


ized and help guide the surgeon to the renal artery. 


Transperitoneal laparoscopic approach 


Transperitoneal procedures provide exceptional expo- 
sure since the intraperitoneal space is large. 


Patient preparation and positioning 


For upper transperitoneal procedures, positioning the 
patient in a flank or modified flank position at the 
edge of the table is crucial. This positioning allows the 
surgeon to full access of the abdominal cavity without 
limitations caused by the edge of the table. For the 
modified flank, a roll should be placed under the torso 
to provide a 60° patient angulation from the table. 
The patient should be secured, so that the table may 
be repositioned as necessary during the procedure. 
The main monitor should be placed on the lesion side 
of the operative table, with a slave monitor behind the 
surgeon. All cables, lines, and wires for the instru- 
ments should preferably go off the opposite side to 
the surgeon. This positioning and port placement is 
used for the majority of renal interventions such as 
nephrectomy, heminephrectomy, pyeloplasty, and 
other renal extirpative and reconstructive procedures. 
The transabdominal approach also allows access to 
the pelvis by altering the port use via placing the 
camera through the subcostal port and instruments 
through the umbilical and lateral ports. 

For lower transperitoneal procedures in infants, it 
is Most convenient to position the patient at the foot 
of the bed, across the bottom, and to stand at the side 
of the bed (at the patient’s head) to operate.* This is 
a good approach to the bladder. For older patients a 
mid-table, supine position with a sacral roll to thrust 
the pelvis up is preferable. Usually the side opposite 
the lesion is chosen, and the telescope placed centrally 
in or near the umbilicus. The instrument trocars are 
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placed lateral to the rectus muscle after insufflation, 
sufficiently superior and inferior to the telescope can- 
nula so that the instruments can be introduced at a 
45° angle relative to the operative field. The monitor 
should be located towards the foot end of the opera- 
tive table. Only one monitor is necessary in this sce- 
nario. All cables, lines, and wires should be off the 
foot of the bed for optimal ergonomics. 

This approach is extremely helpful for gynecologic 
and urologic procedures in the pelvis, including trans- 
vesical approaches. The new transvesical procedures 
such as ureteral reimplantation require cannula fixa- 
tion so that the bladder mucosa does not strip and 
dissect away from the detrusor muscle. One way to 
achieve this is to perform a cystostomy at the skin 
incision to help hold the bladder wall and mucosa to 
the anterior abdominal wall. A balloon-tipped can- 
nula may also be helpful here, but the size of the bal- 
loon tip may impair instrument manipulation in a 


small child. 


Laparoscopic technique 


Transabdominal access is best achieved through the 
umbilicus using the open technique previously dis- 
cussed, whereby the umbilical scar is lifted using an 
Allis clamp; then, using a #11 blade, the skin and 
subcutaneous tissue is incised and peritoneum is 
entered. 

Instruments can be placed directly through a stab 
wound without the need for a trocar if the surgeon 
does not anticipate repeatedly withdrawing and rein- 
serting instruments through this site.o? 

In infants and thin children, the laxity of the 
abdominal wall might allow large trocars or heavy 
instruments to compress the abdominal wall, obscur- 
ing vision and limiting CO, distention. Once access is 
attained, sometimes bowel, bladder, or other struc- 
tures can obstruct the view. It can be helpful to pass 
one or more sutures through the abdominal wall, 
through the structure, and back out through the 
abdominal wall for retraction. These can be tied to a 
self-retaining retractor or can simply be tied at the dis- 
tended abdominal wall if that is sufficient.* 


Technical laparoscopic tips 
Suturing 


Intracorporeal suturing requires two needle holders 
or a needle holder and a grasping device. Several 
sutures can be placed with one length of suture mate- 
rial. A 6 or 7cm length of suture with its curved 


needle may be directly passed through 5 mm trocars, 
but not through 3.5 mm trocars unless the curved 
needle is first straightened. The suture may also be 
passed through the abdominal wall to avoid the need 
for a 5 mm trocar if <3 mm trocars are being utilized. 

Laparoscopic extracorporeal-assisted tying is possi- 
ble, but requires a large cannula at one of the port 
sites. There are a variety of automatic suturing devices 
and suture assistants; however, it is important for the 
endoscopic surgeon to become proficient with non- 
assisted suturing techniques. This is because suture 
assist devices require larger trocars and are more 
costly than non-assisted intracorporeal suturing. Fur- 
thermore, the majority of devices have a limited 
choice of suture material and size, and most are not 
acceptable for complex delicate reconstruction.!° 

An innovative technique for intracorporeal sutur- 
ing is to tie together the ends of two 5 cm segments 
of 6-0 Vicryl, one dyed and one undyed, both on a 
small taper needle, prior to insertion into the peri- 
toneal cavity. The knot tied initially secures the first 
suture into the renal pelvis and both decreases trauma 
to the tissue and expedites the anastomosis. The color 
differentiation facilitates suturing and decreases any 
confusion and need for repetitive suturing. 


Hemostasis 


Vessels may be ligated with laparoscopic clip-apply- 
ing devices that are available in 5 and 10 mm. Laparo- 
scopic tie assisting devices are also available if clips are 
not preferable. They typically require a 25 mm can- 
nula and either have an cinch knot technology or 
allow extracorporeal tying and knot placement with a 
pusher device. Freehand laparoscopic tying can also 
be performed, but is time consuming and does not 
seem to be beneficial with the current hemostatic 
devices available. 

Laparoscopic stapling devices are available for 
hemostasis. They are an excellent alternative for large 
vessels and for transecting thick tissue such as bowel 
mesentery. The laparoscopic stapling devices require a 
>10mm trocar for access and come in different 
lengths, deployment widths, and angulation capabili- 
ties. The tissue or vessel is transected as the staples are 
deployed. One must ensure the device completely tra- 
verses the target before deployment, otherwise hem- 
orrhage can occur, especially with large vessels or 
thick vascular tissue. Stapling devices have been rou- 
tinely utilized for main organ vessels as well as mesen- 
tery with reproducible success. If dividing vascular 
structures, one must be certain that the device con- 
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tains vascular and not gastrointestinal staples. 

Care should be taken when dividing tissue or estab- 
lishing hemostasis with high-energy devices, as injury 
to adjacent structures is possible. A 3-5 mm right- 
angled hook cautery is a useful device for dividing 
tissue and preventing hemorrhage. It is important to 
make contact with the tissue prior to activation of the 
monopolar electrocautery in order to avoid arcing of 
current, which may cause a delayed thermal injury to 
internal structures. Another form of electrocautery 
that is available is the 3 mm bipolar cautery forceps, 
which allows for greater control of the current than 
with standard monopolar cautery. 


Tissue extraction 


The benign nature of most pediatric renal diseases 
allows specimen removal with little concern for 
spillage. In transperitoneal laparoscopic approaches, 
most structures can be extracted from the umbilical 
trocar site, whereas in retroperitoneal approaches the 
site for the specimen extraction depends on its size. 
This includes segments of bowel, cysts, adrenal gland, 
biopsies, and nearly anything else compressible. In an 
infant, these tissues are brought directly through the 
trocar wound since there are few bags small enough 
to be of much use. In older children, if a 10 mm 
trocar is utilized, then endoscopic retrieval bags may 
be utilized. Larger structures such as intact solid kid- 
neys or heminephroureterectomy specimens may 
require enlarging a trocar incision to facilitate 
removal. The umbilical trocar site is typically utilized 
or a small Pfannenstiel incision can be performed if it 
is convenient and remains inconspicuous. 


Closure 


The same technique is used for all laparoscopic pro- 
cedures. For wounds <3 mm, application of a tissue 
adhesive or adhesive paper strips is sufficient. Closing 
the fascia for all wounds >3 mm in diameter is rec- 
ommended. Fascial closure devices facilitate closure, 
especially in the obese patient. 


Possible pitfalls and solutions 
Malfunction of the equipment 


Well-trained nurses capable of quickly recognizing 
and correcting equipment malfunction are manda- 
tory. Since the success of the laparoscopic procedures 
depends heavily on the proper functioning of the 
equipment, these cases are best performed when 
skilled staff are available. 


Fogging of the lens 


Initially warming the laparoscope in warm saline/ 
povidone-iodine solution or using commercial defog- 
ging fluid may avoid fogging of the lens. Inadequate 
vision, on the other hand, may result from a gas leak 
around the primary trocar. This usually leads to com- 
plete collapse of the retroperitoneal space, and an 
extra purse-string suture around the trocar may help 
to decrease the leak. Another possible reason for inad- 
equate vision during retroperitoneoscopy is a peri- 
toneal tear causing intraperitoneal insufflation. It is 
then necessary either to convert to a transperitoneal 
laparoscopic approach or attempt venting the peri- 
toneum using the technique described below. 
Whether a patient has undergone retroperitoneal 
surgery before or not, dissection of a previously 
inflamed retroperitoneum may be suboptimal and 
frustrating and also dangerous; hence, conversion to 
open surgery may be considered at any time and 
should not be considered a failure. Families must be 


aware of this possibility. 


Bleeding 


Bleeding may occur while bluntly dissecting, espe- 
cially the retroperitoneal space: in this case, posterior 
secondary trocars should be placed and the small ves- 
sels must be handled carefully using electrosurgical 
scissors or the bipolar cautery forceps to secure hemo- 
stasis. 


Subcutaneous emphysema 


Subcutaneous emphysema may occur due to leakage 
of CO, into the skin around the area of the ports, as 
that area is larger than the size of the trocar. Signs of 
this problem include readily palpable crepitus over the 
flank and abdomen. Treatment for this complication 
includes either placement of a purse-string suture 
around the leaking port, changing the trocar to a 
larger size, or reduction of the insufflation pressure. 


Intraperitoneal CO, insufflation during 
retroperitoneal laparoscopic surgery 


If this insufflation occurs prior to the insertion of the 
two 5 mm accessory trocars, consider transperitoneal 
or open conversion. 

If this insufflation occurs while inserting the sec- 
ondary trocars (mainly the medial one, superior to the 
iliac spine), then consider insertion of a Veress needle 
or an angiocath at the level of the umbilicus intraperi- 
toneally to deflate the peritoneum and change the site 
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of secondary trocar insertion. Since there is intraperi- 
toneal CO, insufflation, the risk of injury to the 
bowels with the Veress needle or angiocath is mini- 
mal. 


Potential complications and solutions 


Laparoscopic surgery always carries the risk of inad- 
vertent injuries, more common during the learning 
curve, and increasing experience may lead to a 
decrease in the complication rates. Since most of the 
injuries occur during blind access maneuvers with a 
Veress needle or trocars, the open technique is rec- 
ommended. 


Complications 


Great vessel injury may occur from laparoscopic 
access or dissection. In children the distance between 
the abdominal wall and the great vessels may be as 
little as 5 cm. To avoid vascular injury secondary to 
access, it is advisable to tailor the length of the trocars 
to the patient age and body habitus. 

The hallmark features of vascular injuries include 
either bloody return from the injury site or rapid dete- 
rioration of the hemodynamic status of the patient. 
Once extensive vascular injury is suspected, the trocar 
should be left in place and an open exploration should 
be performed. If minor vascular injury is encountered 
during dissection, such as laceration to the gonadal 
vessels or adrenal vessels, hemostasis can potentially 
be achieved laparoscopically through the use of clips, 
staples, or ligation. 

Bowel injury is a risk of both transperitoneal and 
retroperitoneal laparoscopy. Because bowel is out of 
sight during retroperitoneal procedures, injuries may 
occur during trocar insertion or dissection secondary 
to lacerations or thermal injuries from electrocautery. 
If bowel injury is identified during laparoscopy, it is 
best dealt with at the time of occurrence. If the sur- 
geon is laparoscopically skilled, bowel may be 
repaired using a laparoscopic approach; otherwise, a 
general surgery consult is recommended. We believe 
that a contaminating injury to the small or large 
bowel is best handled by open repair with or without 


proximal fecal diversion. In addition, injuries to the 
liver or spleen may occur while performing laparo- 
scopic retroperitoneal surgery. If the injuries are 
superficial, attempts to control the injury laparoscop- 
ically with gel foam, or with an argon beam coagula- 
tor may be undertaken; otherwise, open exploration 
is recommended. Since these injuries may go unno- 
ticed, inspection of the peritoneal or retroperitoneal 
space upon access and prior to exiting is of paramount 
importance. 

Finally, port-site herniation may occur in 3mm 
and 5mm trocar sites. Most of the time, it is the 
omentum that herniates through the port site. This 
usually requires taking the patient to the operating 
room for definitive management. A few published 
reports state that 3 and 5 mm trocar sites should be 
closed; however, no definitive algorithm exists. It is at 
the discretion of the surgeon whether closure of these 
wounds is warranted. Nonetheless, since trocar site 
closure in the pediatric patient is relatively straight- 
forward, one should consider it in order to prevent 
the potential complication of herniation. 
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Pediatric fluid management 


James M Robertson 


Introduction 


The human body is composed mostly of water, which 
accounts for up to 80% of the body weight of a 
preterm infant and 60% of the weight of an adult. 
The remaining fraction of weight comprises the struc- 
tural components: protein, mineral, and fat.? Body 
water, with its dissolved minerals and gases, is what 
Claude Bernard referred to in 1879 as a ‘bit of 
primeval sea within us all’.! The precise maintenance 
of body fluids and their constitutions are critical to 
the normal function of the body. 

Parenteral fluid therapy was first reported during 
the cholera epidemic of 1830, in which an alkaline salt 
solution administered parenterally was credited with 
saving the life of a moribund young woman.? Early in 
the 20th century, again in response to diarrhea and 
gastrointestinal (GI) losses, the idea of replacing fluid 
and electrolytes in amounts that mirrored losses was 
born. Measurement of the mineral content of infantile 
diarrhea fluid directed the preparation of oral rehy- 
dration fluids.+ Today, oral replacement therapy is the 
first-line treatment for dehydration due to GI 
losses.56 

Perioperative fluid management seeks to maintain 
fluid and electrolyte balance and adequate circulatory 
volume in a fasting patient with several types of ongo- 
ing fluid and solute loss. In the pediatric population 
this is complicated by age-related differences in meta- 
bolic rate and maintenance fluid requirements, body 
compartment volumes, and the maturity of homeo- 
static mechanisms. Inappropriate fluid management 
can result in significant derangements in electrolyte 
and fluid balance, particularly in neonates and 
infants.”8 

This chapter provides a brief overview of normal 
fluid and electrolyte homeostasis, fluid compart- 
ments, and maintenance and perioperative fluid man- 
agement with attention to changes through infancy 
and childhood. Blood component therapy and alter- 
natives are also discussed. A more detailed account of 
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these topics may be found in one of several texts on 
pediatric anesthesia. 


Fluid and electrolyte requirements 


Water requirements 


Water is lost through urine, sweat, stool, and insensi- 
ble losses, including evaporative loss from the respira- 
tory tract. Disease can increase these losses and result 
in loss to other ‘transcellular compartments such as 
the GI tract and peritoneal or pleural spaces. Surgery 
further increases ‘third space’ losses, defined as fluid 
sequestered in the interstitium, which no longer con- 
tributes to intravascular volume, oxygen delivery, or 
waste removal.’ 

Metabolism parallels the utilization of water. The 
production of one calorie of energy requires a net 
consumption of 1 ml of water.! The requirement for 
water can then be expressed as a function of the meta- 
bolic rate.!° In 1957 Holliday and Seger made this 
discovery studying ‘hospitalized patients’, which they 
assumed reflected a normal metabolic rate between 
basal levels and that of a healthy active individual. 
They plotted caloric requirements versus body weight 
in awake patients and came up with a curve with three 
roughly linear portions spanning 0-10 kg, 10-20 kg, 
and 20-70 kg. Infants and children 0-10 kg require 
100 cal/kg/day, whereas older patients require an 
additional 50 cal/kg/day for each kilogram from 11 to 
20 kg and an additional 20 cal/kg/day for each kilo- 
gram from 21 to 70 kg.!° This observation, and the 
correlation between water requirement and calorie 
expenditure has led to the approximation of mainte- 
nance fluid requirements (Tables 12.1 and 12.2).1° 

Requirements in neonates are complicated by 
immature renal function and variable oral intake in 
the first few days of life. In-utero high renovascular 
resistance protects the developing kidney from the 
effects of pressure and volume overload. At birth, 
resistance falls, with a rapid increase in renal blood 
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Table 12.1 Daily maintenance fluid requirements 


Patient weight 100 ml/kg/day for 


+ 50 ml/kg/day per kg 
between 11 and 20 kg 


+ 20 ml/kg/day per kg 
beyond 20 kg 


1st 10 kg 
0-10 kg 100 ml/kg/day 
up to 1000 ml/day 
11-20 kg 1000 ml/day 
>20 kg 1000 ml/day 


Data from Holliday and Seger."° 
Examples 


4 kg infant requires 4 kg x 100 ml/kg/day = 400 ml/day 


+ 50 ml/kg/day 
up to 500 mi/day or 
net 1500 ml/day 


Net 1500 ml/day +20 ml/kg/day 


17 kg toddler requires 10 kg x 100 ml/kg/day + 7 kg x 50 ml/kg/day = 1350 ml/day 
25 kg child requires 10 kg x 100 ml/kg/day + 10 kg x 50 ml/kg/day + 5 kg x 20 ml/kg/day = 1600 ml/day 


Table 12.2 Hourly maintenance fluid requirements 


Patient weight 4 ml/kg/day for 


+ 2 ml/kg/h per kg 
between 11 and 20 kg 


+ 1 ml/kg/h per kg 
beyond 20 kg 


1st 10 kg 
0-10 kg 4 ml/kg/h up to 40 ml/h 
11-20 kg 40 ml/h 
>20 kg 40 ml/h 


Data from Holliday and Seger.'® 
Examples 
4 kg infant requires 4 kg x 4 ml/kg/h = 16 ml/h 


+ 2 ml/kg/h 
up to 20 ml/h or 
net 60 ml/h 


Net 60 ml/h +20 ml/kg/h 


17 kg toddler requires 10 kg x 4 ml/kg/h + 7 kg x 2 ml/kg/h = 54 ml/h 
25 kg child requires 10 kg x 4 ml/kg/h + 10 kg x 2 ml/kg/h + 5 kg x 1 ml/kg/h = 65 ml/h 


flow and glomerular filtration rate. Sodium reabsorp- 
tion is poor. Intrarenal gradients of NaCl are not yet 
developed. As a result, urine-concentrating ability is 
impaired.!! In premature infants especially, salt and 
water losses are dynamic in the first few days of life. 
Initially minimal, urine output increases in the 2nd 
and 3rd day of life irrespective of intake. By the 4th 
day, urine output becomes reflective of fluid and 
solute intake.!:!? Fluid requirements are significantly, 
but variably, increased in premature infants. Proper 
management requires therapy based on repeated mea- 
surement of the infant’s weight, urine output, and 


serum sodium.!! 


Electrolyte requirements 


In the extracellular fluid, sodium is the predominant 
cation and chloride and bicarbonate the predominant 


anions. In the intracellular fluid, potassium is the 
major cation. The major losses of sodium, potassium, 
and chloride occur via the kidney; sodium is also lost 
in sweat, and in the GI tract (particularly during vom- 
iting or diarrhea).? Preterm infants, in particular, have 
high intestinal and renal sodium losses.!* Potassium is 
lost primarily in the urine. The requirement for potas- 
sium is also related to cell growth and metabolism. 
Chloride is lost primarily in the urine and gastric 
secretions.” 

Sodium and chloride are the major extracellular 
osmotic agents. Chloride homeostasis occurs largely 
secondary to sodium homeostasis; therefore, the 
sodium content of the body largely determines the 
extracellular volume. Sodium concentration, tightly 
regulated by renal function, acts osmotically against 
intracellular osmoles to effect changes in intracellular 
volume and osmolarity.” 
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Potassium, the major intracellular cation, is critical 
to normal cellular function. Disturbances of potas- 
sium balance can have disastrous effects, particularly 
on cardiovascular function. 

Holliday and Seger observed that human milk con- 
tained the minimal electrolyte requirements for 
infants. Combining this with the observed caloric 
requirements, they concluded that electrolyte require- 
ments for infants were 3.0 mEq/100 cal/day for 
sodium and 2.0 mEq/100 cal/day for both potassium 
and chloride.10-14 This observation has stood the test 
of time, and is reflected in current recommended 
requirements of 2-3 mEq/kg/day of sodium and 
potassium. !5 


Glucose requirements 


Glucose requirements, based on metabolic expendi- 
ture, are 25 2/100 cal.!° As discussed below, routine 
preoperative intravenous fluid therapy does not seek 
to replace this loss. Glucose in fluids administered 
intraoperatively is controversial, as hyperglycemia 
may result. 


Fluid compartments 


Total body water 


Total body water (TBW) is divided between the 
intracellular fluid (ICF) and extracellular fluid (ECF). 
The ECF is further subdivided into the intravascular 
volume and the interstitial volume and transcellular 
fluid. 

TBW is highest in the preterm infant, at 80% body 
weight. By term, TBW has decreased to 70-75%. 
This falls abruptly during the immediate postnatal 
period to 60-65% during the latter part of the Ist 
year of life. Most of this perinatal change represents a 
contraction of the extracellular fluid volume, whereas 
the later gradual change represents an increased cellu- 
lar mass, including fat!!117 (Figure 12.1). 


Extracellular fluid 


The plasma and interstitial components of TBW are 
relatively high in term and premature babies, at 45 
and 60%, respectively. In comparison, the adolescent 
extracellular fluid (ECF) is 27-30% of body mass, 
20% of which constitutes the interstitial fluid.! 
Intravascular volume is as high as 100 ml/kg in 
premature or critically ill infants. In normal new- 
borns intravascular volume peaks at approximately 
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Figure 12.1 Body water distribution. TBW, total body 
water; ICF, intracellular fluid; ECF, extracellular fluid; 
IVV, intravascular volume. Data from McManus"! and 
Siker.' 


80-90 ml/kg. It falls to 75-80 ml/kg by 1 year of age. 
In children 3-6 years old, blood volume is 
75-80 ml/kg and >6 years of age it is 65-70 ml/kg, 
approaching adult levels.!8 

Transcellular fluid is a small division of extracellular 
fluid separated into anatomic compartments: 1-3% of 
body weight, it includes cerebrospinal fluid (CSF), 
pleural and peritoneal fluids, GI fluids, synovial fluid, 
and the aqueous and vitreous fluid of the eye.!!? 


Intravenous fluids 


Crystalloid 


Crystalloid solutions are ubiquitous in medicine. 
These are simply electrolyte salts dissolved in sterile 
water, which may be administered intravenously. 
They are grouped according to their osmolality rela- 
tive to normal ECF into hypotonic, isotonic, or 
hypertonic solutions (Table 12.3). 


Hypotonic solutions 


Hypotonic solutions are solutions with osmolarity 
less than that of the ECF. Serum and plasma osmo- 
larity in children is 270-290 mOsm/kg.!” Dextrose in 
crystalloid solutions is a transient osmole. It is rapidly 
metabolized, leaving free water behind.!! Examples of 
hypotonic fluids include half-normal saline (0.45% 
sodium chloride) and 5% dextrose in water. ‘Two 
thirds — one third’ is commonly heard, and refers to 
3.3% dextrose in 0.3% normal saline. It is not partic- 
ularly hypotonic, with an osmolarity of 269 mmol/L, 
but once the dextrose is metabolized the remaining 
solution has an osmolarity of only 103 mmol/L. Free 
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Table 12.3 Crystalloid solutions 


water dilutes the osmolarity and dissolved con- 
stituents of the ECF. The balance between intracellu- 
lar and extracellular osmolarity is disturbed, and as a 
result water is drawn into the intracellular space, 
expanding its volume. 

Hypotonic fluids are appropriate for maintenance of 
TBW and electrolyte balance when given in amounts 
reflective of normal physiologic requirements, as dis- 
cussed in later sections. Given in inappropriately high 
amounts, or in patients with inappropriately high 
antidiuretic hormone (ADH), hypotonic fluids will 
result in dilution of electrolytes, hyponatremia in par- 
ticular, and cellular edema or anasarca.”2° Such 
derangements are potentially life threatening. 


Isotonic solutions 


Isotonic solutions are solutions with an osmolarity 
that is comparable to that of the ECF. They are used 
to expand the ECF volume and the intravascular com- 
ponent of it. Since their osmolarity is the same as that 
of the ECF, there is ideally no change in the intracel- 
lular and extracellular osmolar gradient, and intracel- 
lular volumes should not change. 

Isotonic fluids are appropriate for rapid expansion 
or resuscitation of the ECF volume and replacement 
of ongoing isotonic losses: examples of such losses are 
GI fluids; third spacing, as a result of trauma or 
surgery; and, to a certain extent, blood. 


Hypertonic solutions 


Hypertonic solutions are solutions with an osmolarity 
greater than that of the ECF. Generally, these are 
fluids with a high sodium chloride concentration. The 
administration of these fluids expands the ECF 
volume and also increases the ECF osmolarity; conse- 
quently, free water is drawn from the intracellular 
into the extracellular spaces. In theory, these solutions 


can achieve resuscitation with less free water adminis- 
tration and therefore reduce the incidence of edema.” 
This has led to their use in closed head injury patients 
with elevated intracranial pressure.?! The other main 
use of hypertonic solutions is for correction of symp- 
tomatic hyponatremia when the benefit of rapid cor- 
rection is felt to outweigh the potential risk.?! 
Otherwise, these solutions are not generally used for 
maintenance or intraoperative replacement therapy. 


Colloid 


Normal capillary membrane permeability limits the 
passage of large molecules such as protein. The effect 
is that these colloid particles, confined to the vascular 
space, exert an osmotic pressure. Colloid osmotic 
pressure, otherwise known as oncotic pressure, serves 
to maintain intravascular volume.?! 

Colloid intravenous fluids take advantage of 
oncotic pressure to primarily expand the intravascular 
space. Examples of colloid solutions are albumin and 
synthetic dextrose starches and gelatins. 

Colloid solutions, including albumin, have a lim- 
ited half-life in the intravascular space. Capillary leak- 
age of colloids does occur and may exacerbate edema 
in pathologic states. Colloids, by diluting normal 
plasma proteins, have been associated with an iatro- 
genic coagulopathy.” Despite these limitations, col- 
loid solutions are a useful adjunct to the resuscitation 
of intravascular volume in the face of ongoing losses. 
Five percent albumin is the colloid most commonly 
used in pediatric patients.1 


Preoperative fasting 


The days of ‘nothing after midnight’ have past. 
Excessive fasting times imposed to minimize the risk 
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of pulmonary aspiration of gastric contents during 
anesthesia have deleterious effects. Prolonged fasting 
produces a hungry, irritable, and uncooperative 
patient.?4 Clear fluids have been shown repeatedly to 
be rapidly cleared from the stomach.?*5 This is true 
even in obese patients.7° In fact, gastric volume was 
found to be increased after a prolonged fast when 
compared with patients allowed 5 ounces of water 2 
hours preoperatively.?”7 The Canadian Anesthesiolo- 
gists’ Society adheres to the following preoperative 
fasting guidelines.?8 
The duration of fasting should be: 


E 8 hours after a full meal (meat, fried or fatty foods) 
E 6 hours after a light meal (toast) 

E 6 hours after infant formula or non-human milk 
E 4 hours after breast milk 

E 2 hours after clear fluids. 


These are guidelines, that must be considered criti- 
cally. The ingestion of a ‘filling’ meal was found to be 
associated with gastric emptying times in excess of 9 
hours in adults.2? The American Society of Anesthesi- 
ologists adheres to essentially the same guidelines. 
The fast required after a full meal is not specified: in 
practice, no full meal is allowed on the day of 
surgery.°° 


Preoperative fluid therapy 


In a patient without abnormal losses, capable of oral 
intake, adherence to current fasting guidelines will 
create minimal fluid deficits and electrolyte derange- 
ments. This patient needs no preoperative intra- 
venous fluids and the intravenous access may be 
delayed until the patient arrives in the operating 
room.! 

Patients kept NPO (nothing by mouth) for longer 
periods for medical or surgical reasons must receive 
parenterally administered fluids and those with abnor- 
mal sources of fluid loss need special attention. Main- 
tenance fluids are based on metabolic requirements, as 
described in the previous sections. Based on meta- 
bolic rates, 25 g of glucose is required per 100 calo- 
ries metabolized.!° This would require 25g of 
dextrose per 100 ml, or 25% dextrose in a crystalloid 
solution. In practice, when more than 5-10% dex- 
trose is given intravenously at rates adequate to meet 
water requirements, a glucose diuresis results.! The 
use of 5% dextrose, while providing only 20% of the 
calories that are expended, results in a decreased star- 
vation-induced protein catabolism and a reduced 


renal solute load.! For most children a solution of 5% 
dextrose in 0.2% saline with potassium 20 mEq/L 
added provides adequate replacement of metabolic 
losses??? over the short term. This provides 3.4 
mEq/100 ml of sodium and 2.0 mEq/100 ml of 
potassium, which approximates the daily require- 
ments predicted by Holliday and Seger.!° In patients 
NPO and unable to receive enteral feeding for pro- 
longed periods, total parenteral nutrition should be 
instituted. 

The rate of maintenance fluid therapy is based on 
the work of Holliday and Seger discussed above. 
Since in an awake hospitalized patient the amount of 
fluid required in milliliters is equal to the energy 
expenditure in calories, the daily fluid requirements 
follow the same graded algorithm: 100 ml/kg/day are 
required for each kg of body weight between 0 and 
10 kg, each additional kg between 11 and 20kg 
requires an additional 50 ml/kg/day, and each kg 
beyond that requires 20 ml/kg/day (see Table 12.1). 
Hourly calculations use the 4-2-1 rule, derived from 
this daily requirement: 4 ml/kg/h for each kg between 
0 and 10 kg, + 2ml/kg/h for each additional kg 
between 11 and 20 kg, and 1 ml/kg/h for each kg 
beyond 20" (see Table 12.2). 


Intraoperative fluid therapy 


In the operating room parenteral fluid therapy deals 
primarily with ongoing surgical losses such as blood, 
lymph, third spaced fluids, and insensible losses, 
which include, in this setting, evaporative losses from 
the surgical field. These losses are generally isotonic, 
with the exception of insensible losses, which are 
solute free. During the stress of surgery ADH is 
increased, resulting in excess free water retention rel- 
ative to sodium.}7 Relative to awake resting require- 
ments, there is an increased need for sodium 
replacement intraoperatively. 

Isotonic fluids are used intraoperatively at rates 
necessary to maintain intravascular volume and ade- 
quate perfusion. Isotonic fluids equilibrate across the 
ECF space. The intravascular space makes up one- 
third to one-quarter of this volume. Replacement of 
blood loss with crystalloid solutions requires three to 
four times the estimated volume lost. 

The choice of isotonic fluid should be based on the 
patient’s individual requirements. Normal saline, 
classed as isotonic, is slightly hypertonic, with an 
osmolarity of 308 mosm/L and a sodium concentra- 
tion of 154 mEq/L. This may be advantageous for 
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initial expansion of the ECF and intravascular vol- 
umes. Saline, however, contains chloride in excess of 
normal physiologic concentrations. Excessive saline 
has been associated with hyperchloremic metabolic 
acidosis.*! Balanced salt solutions, such as lactated 
Ringer’s, model extracellular fluids. These fluids are 
most commonly used for ongoing replacement of 
intraoperative losses. Normally the lactate is metabo- 
lized by gluconeogenesis to glucose and by oxidation 
to bicarbonate. Both processes consume hydrogen 
ions and result in a base excess with bicarbonate pro- 
duction.2232 

The rate of intraoperative crystalloid therapy takes 
into account the ongoing losses in addition to the 
maintenance requirements. Blood may be replaced in 
a one-to-one ratio with colloid or three- to fourfold 
with crystalloid. Third space losses occur relative to 
the degree of trauma incurred. Several estimates of 
the rate of these losses have been published. Minor 
surgical procedures, such as inguinal hernia repairs, 
may involve third space redistributive losses of 
3—4 ml/kg/h, whereas moderately traumatic proce- 
dures such as cholecystectomy may involve third 
space losses of 5-7 ml/kg/h. Major abdominal proce- 
dures in small infants may result in third space losses 
of 210 ml/kg/h.33-34 

Albumin is the colloid most often used in pediatrics. 
There is a paucity of evidence regarding synthetic col- 
loids in pediatrics. Albumin, despite years of use, 
remains a controversial issue.! The appeal of colloids, 
such as albumin, is their ability to expand the intravas- 
cular space rapidly and persistently. However, in con- 
ditions with increased capillary leak, albumin will be 
redistributed to the interstitial fluid and act osmoti- 
cally to increase interstitial edema at the expense of 
plasma volume. Furthermore, mobilization of third 
space fluid postoperatively may be hindered by inter- 
stitial colloid.! Hetastarch is the synthetic colloid most 
studied in pediatrics. Hetastarch 6% was found to be 
as effective as albumin in expanding plasma volume in 
children after cardiopulmonary bypass. Volumes up to 
20 ml/kg of 6% hetastarch were given safely; beyond 
this, a dilutional coagulopathy was detected, although 
not clinically relevant.*® 


Intraoperative glucose 


The administration of dextrose to pediatric patients 
under anesthesia has been a subject of debate for 
decades. The fear is that preoperative fasting and low 
glycogen stores in infants may predispose them to 


hypoglycemia intraoperatively.” Premature infants 
are at elevated risk of fasting hypoglycemia due to 
reduced glycogen stores.!-!! General anesthesia masks 
the physical signs and symptoms of hypoglycemia and 
it would be undetected in the absence of blood glu- 
cose determination.*° The risk of preoperative hypo- 
glycemia due to fasting is estimated at 1-2%.”? 
Intraoperative stress increases blood sugar in most 
patients, with the possible exception of the very 
young.!36 The incidence of intraoperative hypo- 
glycemia is low but a lipid mobilization does occur, 
with generation of plasma ketone bodies and fatty 
acids.3© The use of 5% dextrose solutions intraopera- 
tively has been associated with hyperglycemia. Hyper- 
glycemia should be avoided to prevent glucosuria, 
polyuria, and dehydration.?? Studies of balanced salt 
solution with lower concentrations of glucose have 
been performed. Lactated Ringer’s solution with 0.9 
or 1% dextrose added has been shown to prevent 
hypoglycemia in infants and children. A 2% dex- 
trose solution has been shown to prevent lipolysis 


without producing hyperglycemia.?” 


Blood component therapy 


Blood loss is replaced with crystalloid and/or colloid 
solutions until the maximal allowable volume of loss 
has occurred. Thereafter, blood is given to maintain 
an adequate hematocrit and oxygen delivering capac- 
ity. The allowable blood loss (ABL) may be calculated 
preoperatively knowing the patients weight, esti- 
mated blood volume (EBV), initial hemoglobin 
(Hbi), and minimal allowable hemoglobin (Hbf).38 
Much work has been done to determine the safe 
lower limits of hemoglobin concentration. In prac- 
tice, most anesthesiologists use a lower limit of 
70-80 g/L.?38 Calculating the allowable blood loss 
in a l-year-old, 10 kg infant with an Hbi of 120 g/L: 


ABL = EBV x (Hbi — Hbf)/Hbi3? 

ABL = 10 kg x 80 ml/kg x (120 — 80)/120 
ABL = 800 ml x 40/120 

ABL = 267 ml 


In the face of ongoing bleeding beyond the ABL or 
with a measured hematocrit of less than 20-25%, 
blood component therapy should begin. A unit of 
packed red blood cells (PRBCs) has a hematocrit of 
55-65%. If your target hematocrit is 25%, then the 
PRBCs may be diluted to achieve a greater volume of 
expansion. Dilution with saline is advised for slow 
infusions, since the calcium in lactated Ringer’s may 
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promote microaggregate formation in the intra- 
venous line. A concentration of 3 ml/kg of undiluted 
PRBCs can be expected to increase a patient’s hemat- 
ocrit by 3% or hemoglobin by 10 g/I.?* With massive 
transfusion, dilution of clotting factors and platelets 
by PRBCs results in coagulopathy and non-surgical 
bleeding. Fresh frozen plasma (FFP) is often required 
after the replacement of 1-2 blood volumes.*® 
Platelets, depending on the initial count, may be 
required after 2-4 blood volumes.*® Fibrinogen and 
labile factors are diluted after 3 or more blood vol- 
umes and may be replaced with cryoprecipitate. 

A host of problems may arise with blood compo- 
nent therapy. In addition to transfusion reactions, 
bacterial contamination, and the low risk of viral 
transmission, normal constituents of blood products 
produce metabolic and electrolyte abnormalities. 
PRBCs contain high levels of serum potassium, as 
high as 26 mEq/L, depending on the length of stor- 
age. Massive transfusion can lead therefore to tran- 
sient hyperkalemia.*® Sodium citrate is added to 
PRBCs to chelate calcium and prevent clotting. Cit- 
rate administered with blood during massive transfu- 
sion leads to hypocalcemia. FFP also contains 
citrate and may contribute to hypocalcemia. Hyper- 
kalemia and hypocalcemia with transfusion are depen- 
dent on the rate of transfusion. In adults, transfusion 
rates of citrated whole blood of 1.5-2 ml/kg/min 
would be expected to result in clinically significant 
hypocalcemia. FFP also contains 32 mmol/L of glu- 
cose and 172 mEq/L of sodium.#? Hyperglycemia 
and hypernatremia may occur with FFP transfusion in 
large amounts. 

Patients expected to have significant blood loss 
should have frequent intraoperative determinations of 
hemoglobin and platelet levels, coagulation activity, 
electrolyte and calcium profiles, and arterial blood 
gases. Massive transfusion and large volumes of crys- 
talloid resuscitation should be directed by individual 
patient parameters. 


Postoperative fluid therapy 


Intravenous fluid therapy in the postoperative period 
is an extension of intraoperative therapy. Losses of 
blood and other fluids may be ongoing in the post- 
operative period. Changes in fluid and electrolyte 
homeostasis are still under the influence of surgical or 
traumatic stress.!1 ADH levels, increased intraopera- 
tively, may remain elevated in the postoperative 
period, resulting in water retention in relative excess 


to sodium reabsorption, producing hyponatremia.”!! 


Hypotonic fluids in the postoperative period may pre- 
dispose the patient to free water excess and hypona- 
tremia.” Fluid losses should be replaced with isotonic 
fluids.!! Blood component therapy may need to be 
continued to compensate for ongoing blood loss or 


coagulopathy. 


Summary 


Fluid therapy in the pediatric patient during the peri- 
operative period can be a complex task. Immaturity of 
renal and homeostatic mechanisms predisposes 
preterm infants and neonates to significant fluid and 
electrolyte disturbances with inappropriate therapy. 
Crystalloid, colloid, and blood therapy should be uti- 
lized with a respectful knowledge of the physiology of 
the patient and the changes induced by disease and 
surgical stresses. Re-evaluation based on clinical and 
laboratory data should occur regularly. 
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An understanding of the significant events in the 
embryology of the genitourinary tract is essential to 
both the diagnosis of congenital anomalies and the 
interpretation of pathologic findings that result from 
disordered embryogenesis. The embryology of the 
genitourinary tract will be presented differently in 
this edition of the textbook than in the previous 
ones. In this edition we will separate the embryology 
into several small chapters, each relating to sections 
of the text organized by system. This short chapter 
will serve as a general introduction to the embryol- 
ogy of the genitourinary tract. Each of the embryol- 


ogy chapters presents data synthesized largely from 
standard textbooks of embryology, but each is 
amplified with newer concepts as they seem clini- 
cally pertinent. The material is arranged chronologi- 
cally as well as by organ to provide a better 
understanding of the inter-relationships between 
structures. A developmental ‘timeline’ is presented 
in Figure 13.1 for easy reference. As the authors are 
not embryologists, some might suggest an element 
of ‘armchair embryology, but, as this material is 
presented only to aid in clinical understanding, this 
posture may be excusable. 
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Figure 13.1 Genitourinary tract developmental timeline. 
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The first events in embryology occur at the time of 
conception, or fertilization of the ovum by a sperma- 
tozoon. It is at this moment, or in the first few subse- 
quent cell divisions, that the 
constitution (karyotype) is established. The normal 
human cell contains 46 chromosomes (usually written 
46,XY or 46,XX), 23 of which are provided by the 
maternal gamete (ovum) and 23 by the paternal 
gamete (sperm). The future individual’s genotypic sex 
is now established, as an X chromosome is provided 
by the ovum and either an X or a Y chromosome by 
the sperm. It is mostly the presence and expression of 
the testis-determining factor (TDF) gene, a locus usu- 
ally carried on the Y chromosome but rarely translo- 
cated to one of the other chromosomes, that results in 
maleness.! In the absence of this locus, femaleness is 
likely to develop. Other non-Y-linked genes involved 
in sex determination have been found by genetic 
analysis of XY sex-reversed patients whose phenotype 
could not be explained by mutations in the TDF gene.* 

It is presumably at conception, as well, that certain 
other genitourinary abnormalities related to the indi- 
vidual’s karyotypic constitution are determined. For 
example, many of the intersex states are determined at 
this time, either as deletions of chromosomes (e.g. 
Turner’s syndrome, 45,XO)° or as extra chromo- 
somes (e.g. Klinefelter’s syndrome, 47,XXY).° The 
genital abnormalities of the Aarskog—Scott syndrome 
are also determined at this moment, as they are car- 
ried as an X-linked recessive trait.” Many of the tri- 
somy syndromes include abnormalities of the 
genitalia and of the urinary tract as part of their spec- 
tra of expression.’ The syndrome of Wilms’ tumor 
and aniridia is related to a chromosomal abnormality 
(deletion of the short arm of the 11th chromosome).? 
Many other urinary abnormalities are probably also 
determined at this time, although the exact nature of 
many of these processes is as yet unknown. Others 
that seem to be familial in nature include duplication 
anomalies,!0-! vesicoureteral reflux (VUR),!*1 con- 
genital ureteropelvic junction (UPJ) obstruction,!* 
renal agenesis and dysplasia,! and hypospadias.!© 
Some abnormalities are inherited as autosomal domi- 
nant traits (e.g. autosomal dominant (adult) polycys- 
tic disease), whereas others (e.g. autosomal recessive 
(infantile) polycystic disease; adrenogenital syn- 
drome) are autosomal recessive traits. 

Early embryonic life can be negatively influenced 
by teratogens such as heat, viruses, and drugs (Table 
13.1). Maternal hyperthermia can induce neural tube 
defects in the embryo. Hyperthermic states have also 
been associated with hypothalamic lesions leading to 


chromosomal 


Table 13.1 Genitourinary (GU) tract teratogens 


Teratogen Potential GU defect 


Maternal hyperthermia Micropenis 

Rubella virus Hypospadias, 
(congenital rubella) cryptorchidism 

Progestational agents Ambiguous genitalia 

Oral contraceptives Hypospadias 

ACE inhibitors Renal dysplasia 

Ethanol (fetal alcohol © Hypospadias, 
syndrome) hydronephrosis 

Anticonvulsants Hypospadias, 
ambiguous genitalia, 
cryptorchidism 

Eagle—Barrett syndrome, 
hypospadias, 
hydronephrosis 


Cocaine 


micropenis. Some viruses, when they infect the 
mother, may produce congenital abnormalities in the 
fetus. Urologic abnormalities appear more frequently 
than normal in the congenital rubella syndrome.!” It 
is well known that maternal ingestion of drugs can 
affect the developing fetus. Progestational agents may 
masculinize a female fetus.18 The maternal production 
of androgens by ovarian tumors can also masculinize 
a female fetus. Maternal use of oral contraceptive pills 
has been theorized to be associated with the develop- 
ment of hypospadias.!? The use of angiotensin-con- 
verting enzyme (ACE) inhibitors during pregnancy 
has been associated with renal dysplasia, probably due 
to the drug’s deleterious effects on the developing 
renal vasculature.?? The fetal alcohol syndrome, on 
occasion, includes urinary abnormalities.2! In addi- 
tion, the use of anticonvulsant medications during 
pregnancy has been associated with genitourinary 
abnormalities in the fetal hydantoin syndrome?” and 
the fetal trimethadione syndrome.?* Maternal use of 
recreational drugs, such as cocaine and metampheta- 
mine, has been associated with anomalies of the gen- 
itourinary system, including Eagle—Barrett syndrome 
and hypospadias.74 Excessive vitamin A ingestion 
during the first trimester of pregnancy has been 
reported to increase the risk for the development of 
genitourinary abnormalities.?° In addition, physical 
forces (e.g. compression of the fetus within the uterus 
secondary to oligohydramnios) can induce permanent 
physical changes in the fetus, even at a relatively late 
stage of development. These are termed ‘deformation 
syndromes’, of which Potter’s syndrome is thought to 


be one.?¢ 
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Increasingly, disorders of embryogenesis can be 
detected on prenatal ultrasound. For this reason, the 
evaluation of the pediatric urological patients often 
begins in the fetal stage. Moreover, potential parents 
are seeking preconception guidance from specialists 
regarding genetic risks to a potential fetus. These fam- 
ilies are interested in ways to detect and/or quantify 
these risks and to understand ways to minimize them. 
Answers to many of these questions are forthcoming 
as results of detailed molecular and genetic studies 
continue to provide clinical information. 
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The adrenal or suprarenal glands are located near the 
superior poles of the normally placed kidneys and 
contain two distinct different functioning areas of 
tissue, the cortex and the medulla. Although anatom- 
ically very close, the cortex and the medulla arise from 
two different and distinct areas. The adrenal medulla 
is derived from migrating ectodermal neural crest 
cells. The cortex develops from the primitive meso- 
derm medial to the urogenital ridge, starting about 
the 4th gestational week. By the 6th week, the cortex 
is apparent as an aggregation of mesenchyme on 
either side of the root of the mesentery and the devel- 
oping gonad. At this time, nerve fibers, which the 
developing medullary cells will traverse, penetrate the 
developing adrenal cortex. The cortex develops two 
distinct areas by the 8th gestational week. The central 
area or the fetal zone is laterally and centrally located, 
while a thin rind develops on the outer aspect of the 
adrenal as the ultimate definitive adult cortex. The 
definitive cortex begins to differentiate into hormone- 
producing zones, the zona glomerulosa and the zona 


E Meduta 
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Fetal cortex 


LI Zona fasciculata 
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fasciculata, late in gestation. Most of the developing 
proliferation during the latter part of gestation is in 
the peripheral cortex region. The zona reticularis does 
not become apparent until about the end of the 3rd 
year of life (Figure 14.1). The zona glomerulosa or 
outermost layer of the definitive cortex will produce 
aldosterone. The zona fasciculata and zona reticularis 
will form a unit after the reticularis develops in early 
childhood. The zona fasciculata will produce the glu- 
cocorticoid hormones, while the zonal reticularis will 
produce the sex or androgen hormones. 

Adrenal arterial circulation develops from develop- 
ing descending aorta; several arteries feed the adrenal 
cortex and infiltrate from the cortex to the medulla in 
a fine network of vessels. A central vein drains each 
adrenal gland. 

The adrenal glands increase in size from around the 
2nd-3rd month of gestation, growing from about 
5 mg to 80 mg. They are much larger than the adja- 
cent kidney for much of development and remain 
large even after birth (Figure 14.2). Most of this mass 


C] Primordium of permanent cortex 


E Zona reticularis 
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Figure 14.1 Schematic drawings of the development of the suprarenal glands. (a) At 6 weeks, showing the meso- 
dermal primordium of the fetal cortex. (b) At 7 weeks, showing the addition of neural crest cells. (c) At 8 weeks, 
showing the fetal cortex and the early permanent cortex beginning to encapsulate the medulla. (d and e) Later 
stages of encapsulation of the medulla by the cortex. (f) Newborn infant, showing the fetal cortex and two zones of 
the permanent cortex. (g) At 1 year, the fetal cortex has almost disappeared. (h) At 4 years, showing the adult pat- 
tern of cortical zones. Note that the fetal cortex has disappeared and that the gland is smaller than it was at birth 
(see f). (From Moore and Persuad,' with permission.) 
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Suprarenal or adrenal glands 


Lobe Ureter 
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Figure 14.2 Photograph of kidneys and adrenal glands 
of a 28-week-old fetus. The external evidence of the 
lobes usually disappears by the end of the 1st post- 
natal year. Note the large size of the suprarenal glands 
at this age. During the first 2 weeks after birth, these 
glands reduce to about half the size. (From Moore and 
Persaud,' with permission.) 


is due to the fetal cortex and the developing definitive 
adult cortex; the adrenal medulla is quite small until 
after birth. The adrenals lose most of their mass 
shortly after birth, with about one-third of the weight 
lost in the first 2-3 weeks after birth. The loss in mass 
is due to the involution of the large fetal cortex zone. 
The original weight is not regained until about the 
end of the 2nd year of life. 

Primitive adrenocortical cells may migrate beyond 
the normal suprarenal location during formation. 
Accessory adrenocortical rests may be found adjacent 
to the celiac plexis, in the broad ligament, near the 
ovarian or spermatic vessels, or around the kidneys or 
uterus. Rarely, these rests may be found near other 
abdominal organs or even the lungs, spinal nerves, or 
in the brain. Some of these rests may be responsible 
for Cushing’s disease or malignant degeneration.” 

The medulla arises from the neural crest cells of the 
primitive sympathetic nervous system. The migrating 
neuroectodermal cells differentiate into neuroblasts, 
ultimately forming the paravertebral and para-aortic 
sympathetic ganglia, and the pheochromoblasts, 
which will form catecholamine-secreting chromaffin 
cells. The chromaffin cells are found throughout the 
adrenal medulla and the sympathetic chain in the fetus 
but the extra-adrenal sites generally involute after 
birth. Persistent extra-adrenal tissue can be found near 
the origins of the celiac and mesentery arteries; 
another site, the organs of Zuckerkandl, is located 


near the inferior mesenteric artery and may be promi- 
nent during the first year of life, after which, this 
tissue generally involutes but may be a site of extra- 
adrenal pheochromocytoma development later in life. 
The fetal adrenal cortex produces large amounts of 
dehydroepiandrosterone sulfate (DHEA-S) after the 
first trimester. It is uncertain when steroidogenesis 
actually begins, but steroidogenic enzymes (CYP11A 
and CYP17) are noted at about 50 days postconcep- 
tion in the human fetus.* The outer cortex is believed 
to produce cortisol after about 28 weeks’ gestation. 
The fetal hypothalamic—pituitary—adrenal axis 
(HPA) is an example of reciprocal induction where 
the development, differentiation, and maturation of 
vital organ systems (lungs, brain, liver) for immediate 
postnatal survival and parturition are hinged on inter- 
actions between the organs of the developing 
endocrine axis.! The hypothalamus releases corti- 
cotropin-releasing hormone (CRH) as early as 8-12 
weeks’ gestation. CRH regulates the secretion of the 
pituitary corticotropins (adrenocorticotropin is the 
pituitary corticotrophin hormone ACTH), pro- 
opiomelanocortin (POMC) mRNA expression as 
well as acting as a potent vasodilator of the fetopla- 
cental circulation, and potentiating local 
prostaglandin and oxytocin function for uterine con- 
tractions during labor.* Placental estrogens facilitate 
conversion of fetal cortisol to inactive cortisone which 
causes a negative feedback on the fetal HPA axis, 
resulting in increased POMC mRNA, ACTH, 
adrenal cortisol, and DHEA-S production. Interest- 
ingly, increased fetal adrenal glucocorticoid stimulates 
the release of placental CRH, which increases the 
stimulation on the fetal pituitary to increase ACTH 
release. This causes the adrenal to produce more cor- 
tisol, which is critical for the transition from fetal life 
to extrauterine life at the end of gestation. The impor- 
tance of this up-regulation of cortical hormone for 
transition to infant well-being and survival after deliv- 
ery has been shown in outcome studies of extremely 
preterm small neonates who were delivered prior to 
attaining the normal adrenal developmental mile- 
stones in utero.+° 
Molecular extracellular components necessary for 
adrenal medulla and cortical development and matu- 
ration include collagen IV, fibronectin, and 
laminin.”® These proteins are necessary for normal 
cell regulated apoptosis as well as smooth migration 
of the neural crest component of the adrenal medulla. 
A serious and potentially life-threatening condition 
is congenital adrenal hyperplasia (CAH), which is a 


group of autosomal recessive disorders, the most 
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common of which is caused by a mutation of the 
cytochrome P450 21-hydroxylase (CYP21) gene. 
This mutation causes deficient production of cortical 
enzymes necessary for producing corticosteroids or 
mineralosteroids needed for life. Other forms of CAH 
are not as common, and the etiology of the defects are 
also not as well known. The decreased cortical hor- 
mone production stimulates the fetal pituitary to pro- 
duce more ACTH, which then causes the adrenal to 
enlarge and produce more adrenal androgens and 
androgen precursors that do not require 21-hydroxy- 
lation. The excess androgen activity will cause mas- 
culinization of female fetuses. The excessive hormone 
production must occur within the first trimester to 
produce the masculinization changes which can only 
take place during early genital development.*? 
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Diagnostic imaging is an essential part of the investi- 
gation of adrenal disorders. Modalities such as ultra- 
sound, magnetic resonance imaging (MRI), and 
computed tomography (CT) have replaced older 
techniques such as intravenous urography and 
angiography. In this chapter we discuss the imaging 
characteristics of the more common childhood 
adrenal abnormalities (Table 15.1). 


Table 15.1 Differential diagnosis of antenatally 
detected adrenal masses 


Adrenal hemorrhage 
Neuroblastoma 

Renal duplication anomaly 
Pulmonary sequestration 
Enteric duplication 


Solid masses of the adrenal 


Neuroblastoma 


If a solid adrenal mass is encountered when a child is 
imaged, neuroblastoma must always be considered. 
These are malignant tumors originating from neural 
crest cells with a peak age incidence of 2.5 years. They 
arise from the adrenal medulla in 40% of cases, the 
remainder being extra-adrenal in origin. Although 
they can be detected incidentally at the time of imag- 
ing for other indications, neuroblastoma usually pre- 
sents as a large abdominal mass and is metastatic in 
70% of cases at the time of presentation.! 

Calcification, which is amorphous and speckled, is 
seen on up to 50% of plain abdominal radiographs 
and 80% of CT scans.? On ultrasound, tumors are 
solid, heterogeneously echogenic with occasional 
hypoechoeic areas.? 


Figure 15.1 Contrast-enhanced CT demonstrates a 
large heterogeneous mass with areas of non-enhanc- 
ing low density. It is difficult to separate a mass arising 
from the upper pole of the right kidney from an adrenal 
mass. The tumour renal interface is indistinct. 


Cross-sectional imaging (CT or MRI) depicts a 
large irregular mass and punctuate calcification with 
or without enlarged lymph nodes or visceral metas- 
tases. Neuroblastoma tends to cross the midline and 
encase vascular structures. It displaces the kidney lat- 
erally and inferiorly (Figures 15.1 and 15.2). These 
features are helpful to differentiate neuroblastoma 
from a large Wilms’ tumor.’ On CT, areas of low 
attenuation often represent areas of cystic necrosis or 
hemorrhage (Figure 15.3, 15.4a-b).5 On MRI, the 
mass has low or intermediate signal intensity on T1- 
and high intensity on T2-weighted images. CT- or 
MRI-based myelograms are useful in selected cases to 
assess the extent of intraspinal extension, which pre- 
sents as a dumbbell-shaped tumor (Figure 15.5a—b, 
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Figure 15.2 Sagittal T2-weighted MRI image clearly 
demonstrates tumor mass displacing the right kidney 
inferiorly confirming adrenal mass. The tumor mass 
has large areas of increased T2 signal intensity corre- 
sponding to the low density areas on CT (Fig. 15.1). 
Areas of tumor necrosis or old areas of hemorrhage 
are suspected. 


Figure 15.3 Contrast-enhanced CT in a 4-year-old child 
presenting ill, with weight loss and a hard abdominal 
mass. There is a large mass in the left 
adrenal/retroperitoneal location. Dense areas of opac- 
ity indicate calcification. The mass enhances poorly 
and inhomogeneously. Lymphadenopathy surrounds 
the aorta, displacing it away from the vertebral body. 
Histology confirmed neuroblastoma. 


and 15.6a-c).” Iodine??? or I?! or I!?3 metaiodoben- 
zylguanidine (MIBG) scintigraphy demonstrates 
uptake by the primary tumor and any metastatic sites, 
such as bone.®:? However, MIBG has up to 30% 
false-negative results in diagnosing primary tumors 


Figure 15.4 (a) Non-enhanced CT demonstrates a 
large left neuroblastoma mass with calcification. Note 
the nodal spread to right renal hilar region also has cal- 
cification. (b) Contrast-enhanced CT slightly inferior to 
a shows marked inhomogeneity of enhancement. 


and is less sensitive than 99m technetium methylene 
diphosphonate (®Tc MDP) at diagnosing bony 
metastases. In practice, the two tests are used to com- 
pliment each other.*:!° A recent study concluded that 
both CT and MRI have poor accuracy for estimating 
local extension, but when either modality is combined 
with ?™Tc MDP scintigraphy they are equally useful 
in diagnosing stage 4, with an accuracy of 90%.!! 


Ganglioneuroma and 
ganglioneuroblastoma 


These benign tumors arise from sympathetic gan- 
glions and represent a more differentiated form of 
neuroblastoma. On CT they manifest as an oval, dis- 
crete mass with variable enhancement. Calcification 
that is usually not as extensive as in neuroblastoma is 
seen in 20% of cases. On MRI, the mass has a low- 
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Figure 15.5 Coronal T1 MRI (a) and coronal 
T2 MRI (6) demonstrate a left adrenal mass 
that is homogenous and has soft tissue signal 
characteristics. This is usual for smaller neu- 
roblastoma where tumor necrosis and hem- 
orrhage are less encountered. Note MRI can 
easily miss calcification, although this has 
little impact on diagnosis. 


intensity signal on Tl and high intensity on T2 
e12 


images with a characteristic whorled appearanc 
Ganglioneuroblastoma is an intermediary tumor of 
sympathetic tissue containing both benign and malig- 
nant elements. It has variable imaging features, 
depending on the composition of the tumor. !? 


Pheochromocytoma 


Also a tumor of neural crest cells, pheochromocytoma 
tends to occur in older children compared to neurob- 
lastoma. The main presentation is headache due to 


Figure 15.6 Axial T2 MRI (a, b) and gadolinium- 
enhanced fat-saturated T1-weighted MRI (c). A large 
heterogeneous tumor mass crossing the midline is 
well delineated. The extensive left-sided area of 
increased T2 signal intensity shows no contrast 
enhancement and suggests tumor necrosis. It would 
be important to direct biopsy away from this area to 
obtain appropriate diagnostic information. Note also 
the tumor encroachment on the left-sided neural fora- 
men (6). Evaluation of tumor extent into the spinal 
canal is superbly imaged by MRI. 


hypertension.!? On ultrasound, the tumor is seen as a 
hypoechoic mass, occasionally containing small cysts. 
Generally, CT and MRI are both highly (>90%) sen- 
sitive and specific in diagnosing and staging 
pheochromocytomas; but because of the possibility of 
a hypertensive crisis, induced by the iodinated con- 
trast material, some authors prefer MRI as the first 
choice for cross-sectional imaging. However, at least 
one study has demonstrated that non-ionic contrast 
agents are safe in the setting of a confirmed pheochro- 
mocytoma.!# On non-enhanced scans, tumors are iso- 
dense to the surrounding soft tissue but enhance 
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intensely following intravenous (IV) contrast.!> MRI 
generally characterizes these tumors as possessing low 
signal intensity on T1-weighted images and a charac- 
teristic marked increased signal intensity on T2 
images secondary to their high vascularity. 16 MIBG 
scans have a sensitivity and specificity of 90% in 
detecting functioning tumors but without the 
anatomic resolution provided by cross-sectional imag- 
ing.*17 


Cortical neoplasms 


These are rare tumors of childhood mostly associated 
with endocrine syndromes.'* In the absence of metas- 
tasis the distinction between adenoma and carcinoma 
is very difficult, even with histologic study of the 
removed tumor. 

On ultrasound, these tumors present as round or 
ovoid masses, commonly lobulated. They may be 
hypo- or hyperechoic and the larger tumors are inho- 
mogeneous.!??9 On CT, they manifest as circum- 
scribed and heterogeneous masses. The criteria used 
in adults to differentiate between adenoma and carci- 
noma, such as non-enhanced densiometry and size, 


have not been studied adequately in children. On 
MRI, cortical neoplasms have intermediate-intensity 
Tl and high-intensity T2 signals.?! 


Myelolipoma 


This rare benign tumor is composed of adipose and 
bone marrow elements. The diagnosis is made based 
on demonstration of fat on CT or MRI.22 


Adrenal metastasis 


Metastatic lesions presenting as an adrenal mass are 
rare in children. The imaging criteria to differentiate 
primary adrenal adenomas from secondary tumors as 
described in adults, such as attenuation values more 
than 10 Hounsfield units (HU) or signal loss less than 
20% in chemical shift MRI,?* have not been studied 
in children. 


Renal lesions 


Lesions in the upper pole of the kidney should be 
included in the differential diagnosis of an adrenal 
mass. Wilms’ tumor, renal cell carcinoma, and a 


Table 15.2 Imaging characteristics of pediatric adrenal masses 


Adrenal mass Ultrasound CT scan MRI Nuclear scan 
Neuroblastoma Solid mass, Heterogeneous, low Heterogeneous signal MIBG avid in 70% 
heterogeneous attenuation areas of on T1 and high signal 99 Tc MDP more 
echotexture hemorrhage or necrosis, on T2 accurate for bone 
calcification up to 80% metastasis 
Ganglioneuroma Solid oval or Homogeneous attenuation Homogeneous low MIBG may be 
lobulated mass lower than muscle, signal on T1 and positive 


Pheochromo- 
cytoma 


Adrenal cortical 
neoplasm 


Metastasis 


Adrenal 
hemorrhage 


Solid tumor, 
possible cystic 
area 


Lobulated 
solid mass 


Initially hyper- 
echoic with 
gradual 
liquefaction 


HU = Hounsfield unit. 


varying degree of 
enhancement 


Intense enhancement with 
contrast, low attenuation 
areas of necrosis/ 
hemorrhage 


Heterogeneous 
attenuation 


Attenuation <10 HU 


Initial high attenuation 
(50-60 HU) with no 
enhancement 


whorled appearance on 
T2 with varying degree 
of enhancement 


Low intensity T1, 90% MIBG avid 
extremely high intensity 


T2 signal 


Low T1 and high T2 
signal intensity 


Signal drop <20% in 
chemical shift MRI 


Initially: 

Low signal T1 
Intermediate (1-5 weeks): 
High signal T1 and T2 
Late (weeks to months): 
Low signal T1 and T2 


Radiologic assessment of the adrenal 245 


hydronephrotic upper pole moiety of a duplicated 


system can all masquerade as a primary adrenal mass. 


Cystic masses of the adrenal 


Cystic adrenal masses are rare in childhood. They are 
usually unilateral and asymptomatic. These lesions 
may be classified as pseudocysts, endothelial, epithe- 
lial, and parasitic cysts. Pseudocysts are formed fol- 
lowing hemorrhage into normal or abnormal adrenal 
tissue. Examples include bleeding into or necrosis of 
a neuroblastoma or adrenal carcinoma. Calcification is 
common. Endothelial cysts are the most common cat- 
egory in some series.?4 They may have a vascular or 
lymphatic origin, and are lined by the corresponding 
endothelium.?° Epithelial cysts may be true glandular 
cysts, embryonal or cystic adenoma.”° Hydatid cysts 
constitute the majority of parasitic cysts described in 
the literature.?” Typically, cysts are hypoechoic on 
ultrasound. They possess low intensity on Tl- 
weighted MRI and high intensity on T2. Treatment 
of adrenal cysts depends on the underlying pathology 
and ranges from percutaneous aspiration of cysts con- 
taining water density fluid, to laparoscopic or open 
adrenalectomy for more complex lesions.”® 


Antenatally detected adrenal masses 


With the advent of routine maternal fetal ultrasound 
the detection of fetal adrenal masses is becoming 
increasingly common. Most of these lesions are 
detected in the third trimester, with the majority 
being cystic or cystic/solid in nature. Ultrasound is 
the modality of choice for initial and follow-up evalu- 
ation of these findings. In neonates the normally large 
adrenal glands are clearly visualized and consist of a 
hypoechoic cortex and a thin echogenic medulla. The 
differential diagnosis for antenatally detected adrenal 
masses is shown in Table 15.2. The intensity of imag- 
ing and clinical management of these incidental find- 
ings must strike a balance between aggressive surgical 
intervention for a presumed malignancy and watchful 
waiting for a benign condition, or one which has a 
natural history of spontaneous involution. 

In a retrospective study of 30 prenatally diagnosed 
adrenal masses reported from Paris, 13 (43%) were 
ultimately found to be neuroblastoma, the remainder 
representing mainly adrenal hemorrhage with the rare 
pulmonary sequestration (Figure 15.7).?? Antenatally 
detected neuroblastoma can be either cystic or solid. 


Figure 15.7 Contrast-enhanced CT scan confirmed the 
antenatal and postnatal detection of a left adrenal 
cystic lesion. Surgical removal confirmed the diagnosis 
of a pulmonary sequestration. 


Of importance is the fact that MIBG scanning only 
provided a 70% sensitivity and a 55% negative pre- 
dictive value for neuroblastoma in this population. 
Similarly, urinary catecholamines provided only 36% 
sensitivity and 72% negative predictive value. Postna- 
tal features suggestive of neuroblastoma include large 
size (>3 cm), homogenous solid nature, and growth 
on serial follow-up. Conversely, development of calci- 
fication in follow-up, shrinkage in size, or develop- 
ment of internal echoes suggests a resolving adrenal 
hemorrhage (Figure 15.8a-b).30 

Although adrenal hemorrhage classically occurs in 
the first few days of life in association with neonatal 
sepsis or other stressors, it may be observed in the 
second or third trimester of pregnancy and therefore 
clinical features alone are inadequate to determine a 
diagnosis.*! It is the most common neonatal adrenal 
mass, and occurs on the right side in 70% of cases. 
This latter characteristic is thought to be secondary to 
adrenal compression between the liver and kidney 
anteriorly and the spine posteriorly. *? 

Early ultrasound of an adrenal hemorrhage depicts 
a hyperechoic mass. Over the initial few days, the 
hematoma gradually liquefies (Figure 15.9, 15.10). 
Complete resolution takes up to 6 weeks with occa- 
sional calcification or pseudocyst formation.*# CT and 
MR scanning are necessary only in selected cases to 
determine whether blood is the sole component of a 
mass, a finding that most likely indicates a benign 
cause. Acutely, CT of an adrenal hemorrhage is man- 
ifested as a well or poorly defined mass with increased 
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Figure 15.8 (a) Neonatal ultrasound performed in 
follow-up of an antenatally detected right supra-renal 
mass demonstrates a solid, fairly homogeneous right 
adrenal mass lesion. Serial images failed to demon- 
strate involution over the course of several weeks. 
(b) Subsequent contrast-enhanced CT shows a solid 
homogeneous right adrenal mass, confirmed to be 
neuroblastoma upon excision. 


attenuation (50-60 HU) that does not enhance with 
IV contrast (Figure 15.11; Table 15.2). In the acute 
phase, MRI of hematomas demonstrates a reduced 
signal on T1-weighted images. Methemoglobin in the 
subacute phase (1-5 weeks) causes a high signal on 
both Tl- and T2-weighted images. Chronic hemor- 
rhage (5 weeks to 10 months) demonstrates the grad- 
ual formation of low-signal hemosiderin.#?-44 


Figure 15.9 Ultrasound obtained in a _ 5-day-old 
neonate following traumatic delivery demonstrates a 
multiseptated right adrenal mass typical of an organiz- 
ing hematoma. 


Figure 15.10 Sonogram on day 3 of life, requested to 
exclude renal anomalies in a patient with transposition 
of the great vessels. Unexpected but typical findings of 
a septated left adrenal hematoma. The incident caus- 
ing the hematoma probably occurred in utero. 


For small antenatally detected lesions, an initial 
postnatal ultrasound, MIBG scan, and urinary cate- 
cholamines should be routine. If initial investigations 
are suggestive of a benign process, then monthly 
ultrasounds for the first 6 months suffice. Surgical 
removal is recommended for an increase in size, ele- 
vated urinary catecholamines, or failure of involution 


with observation.** 
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Figure 15.11 Contrast-enhanced CT on the same day 
as ultrasound Fig 15.9. In the right adrenal location, a 
non-enhancing low-density mass typical of an adrenal 
hematoma is apparent. Note that the septations are not 
apparent on the CT. 


Calcified adrenal lesions 


Adrenal calcification detected on abdominal imaging 
of a child has a broad differential diagnosis (Table 
15.3) but it usually prompts investigations for a 
tumor, most commonly neuroblastoma.*? The afore- 
mentioned affinity of neuroblastoma for skeletal 
tracer is independent of the presence of calcification, 
and its mechanism is unknown.*° Ganglioneuromas 
and ganglioneuroblastomas can also calcify, and they 
are radiographically indistinguishable from neurob- 
lastomas. 

Granulomatous diseases often result in childhood 
adrenal calcification either unilaterally or bilater- 


Table 15.3 Differential diagnosis of pediatric calcified 
adrenal masses 


Neural crest tumors: 
Neuroblastoma? 
Ganglioneuroblastoma? 
Ganglioneuroma 

Resolving hemorrhage? 

Adrenal cortical carcinoma 

Pheochromocytoma 

Adrenal cortical adenoma 

Granulomatous infection 

Storage disorders: 
Wolman’s disease 
Niemann-Pick disease 

Myelolipoma 


a Denotes most common findings. 


ally.36-38 Distinguishing from the various granuloma- 
tous infections is impossible by imaging alone. 

Wolman’s disease is an uncommon autosomal 
recessive inborn error of metabolism leading to the 
accumulation of lipid in the abdominal organs. The 
condition is usually fatal by 6 months of age. On plain 
film the adrenal glands are enlarged and densely calci- 
fied. Ultrasound demonstrates 
hepatosplenomegaly. CT confirms the adrenal origin 
of the calcifications. MRI demonstrates the adrenal 
high signal intensity on Tl sequences due to lipid 
deposition.3?40 


concomitant 


As mentioned above, perinatal adrenal hemorrhage 
can subsequently calcify. Imaging characteristics can 
vary from a peripheral rim of calcification to complete 
replacement of the gland. Incomplete resolution of 
hematoma can result in a peripherally calcified rim 
around a non-enhancing pseudocyst.4® 
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Introduction 


The pathogenesis, diagnosis, and management of 
adrenal tumors have recently evolved!? mainly 
because of easier discovery of clinically silent, inciden- 
tally detected adrenal tumors using more sensitive 
imaging procedures such as computed tomography 
(CT) and magnetic resonance imaging (MRI).? Even 
if these tumors are rarely seen in children, it is impor- 
tant that the physician recognizes the clinical manifes- 
tations of these tumors as soon as possible, leading to 
an earlier diagnosis, prompt intervention, and 
improved survival. 


Adrenal neoplasms 


Although adrenal neoplasms in pediatrics are fortu- 
nately rare, representing less than 1% of all solid 
tumors, they may be potentially fatal. Tumors can 
arise from the medullary or the cortical portions of 
the adrenals and can be benign or malignant. Malig- 
nant cancers are rare, accounting for 0.05-0.2% of all 
cancers in the overall population, with an incidence of 
less than 2 new cases per million yearly.4° Occurring 
at all ages,°! adrenocortical carcinomas tend to pre- 
sent according to a bimodal age distribution, with the 
first peak occurring before age 5 years, and the second 
in the fourth to fifth decade.!* Females clearly pre- 
dominate in all series, accounting for 65-90% of the 
cases reported in the literature.? Even though some 
authors have reported a left-sided prevalence, others 
have not: bilaterality has been observed in 2-10% of 
cases.2? Most adrenal masses found in children are 
functional, which renders the establishment of the 
diagnosis, as well as the medical and the surgical treat- 
ment, even more challenging. 


Diseases of the adrenal cortex 


Cortical tumors may be benign (adenoma, cyst, 
myolipoma) or malignant (adrenocortical carci- 
noma): all are rarely seen in children.!#-!5 Further- 
more, it may be very difficult to distinguish between 
them and the ultimate confirmation of the diagnosis 
is by histopathology; however, at times, the clinical 
outcome may not even correlate well with the histo- 
logic features.!© The incidence of adrenocortical carci- 
nomas is approximately 1 in 1.7 million in the general 
population.!” They are seen in older patients com- 
pared with adenomas!® and are more frequently 
encountered in females. Moreover, they tend to be 
functional and may be part of hereditary syndromes. 
A retrospective review revealed that 92% of patients 
found to have a carcinoma presented with a mixed 
endocrine syndrome vs 32% of adenoma patients. 1° 
The latter commonly presented with a virilization 


syndrome only (92%). 


Hormone-producing syndromes in patients 
with adrenal cortical neoplasms 


Associated endocrine syndromes resulting from secre- 
tion of cortisol and/or adrenal androgens and their 
precursors, or, rarely, estrogen or mineralocorticoids, 
may be seen in patients with hormone-secreting 
adrenocortical neoplasms. 

A more gradual onset of signs of hormone hyper- 
secretion is generally observed in patients with adeno- 
mas, unlike those with adrenocortical carcinoma who 
tend to have a more acute and progressive course. 


Cushing's syndrome 


Cushing’s syndrome in children is most commonly 
caused by an adrenocortical carcinoma and is seen in 
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one-third to one-half of these patients.?? The classic 
Cushing’s syndrome is a clinical disorder seen in cases 
of overproduction of cortisol, which leads to protein 
catabolism, subsequent increased glucogeneogenesis, 
and the typical symptoms associated with cortisol 
excess. Cushing’s syndrome refers to patients present- 
ing with the syndrome regardless of the cause; it dif- 
fers from Cushing’s disease which is caused by 
pituitary hypersecretion of adrenocorticotropic hor- 
mone (ACTH). One-fourth of the cases of endoge- 
nous Cushing’s syndrome are caused by primary 
adrenal disease. 

Aside from functional adrenocortical tumors and 
other usual causes, Cushing’s syndrome can be partic- 
ularly seen in children with primary pigmented nodu- 
lar adrenocortical disease, which occurs as a 
component of Carney’s complex. Also, infants found 
to have the McCune—Albright syndrome can present 
with ACTH-independent Cushing’s syndrome with 
nodular hyperplasia or adenoma formation. Finally, 
islet cell carcinoma of the pancreas, neuroblastoma or 
ganglioneuroblastoma, hemangiopericytoma, Wilms’ 
tumor, and thymic carcinoid can lead to ectopic pro- 
duction of ACTH in the pediatric population. 


Pathophysiology 


ACTH is secreted in response to corticotropin-releas- 
ing hormone (CRH) and vasopressin. It stimulates 
glucocorticoid cortisol secretion from the zona fascic- 
ulata and zona reticularis of the adrenal gland. Corti- 
sol creates a negative feedback control on CRH, 
vasopressin, and ACTH. Cortisol is usually secreted 
in a circadian rhythm. Cushing’s syndrome occurs 
when there is a loss of that rhythm, accompanied with 
a loss of the feedback mechanism of the hypothala- 
mic—pituitary—adrenal axis, resulting in chronic expo- 
sure to excessive circulating cortisol levels.?4 


Clinical findings 


Signs and symptoms associated with hypercorti- 
solemia are variable; however, moon facies, truncal 
obesity, and typical evidence of Cushing’s syndrome 
are generally obvious in children. More specifically, 
weight gain associated with growth retardation in the 
pediatric group should highlight the possibility of the 
diagnosis. Other findings may include hirsutism, 
muscle weakness, bruising, vertebral fractures, hyper- 
tension, and diabetes mellitus, but these are rarely 
seen these days. Lethargy, depression, acne, and men- 
strual irregularity??? could also be observed. 
Patients’ photographs may help in showing the clini- 


cal progression to a Cushingoid state. In general, the 
findings are more obvious in infants than in older 


children. 


Laboratory findings 


The goal is to determine whether a patient has Cush- 
ing’s syndrome rather than to identify the cause.*4 
More specifically, Cushing’s syndrome due to func- 
tioning adrenocortical tumors will exhibit elevated 
levels of several plasma and urinary steroids. These 
include cortisol following dexamethasone suppression 
test, dehydroepiandrosterone (DHEA) and its sulfate 
derivative (DHEAS), A®-androstenediol, A*-andro- 
stenedione, pregnenolone, 17-hydroxypregnenolone, 
and 11-deoxycortisol in the plasma, and free cortisol, 
17-hydroxysteroids, 17-ketosteroids, and the tetrahy- 
dro metabolite of 11-deoxycortisol in the urine.” 
Measurements of other steroidogenic precursors, such 
as 17-hydroxyprogesterone and 11-deoxycortisol, 
may help if the presence of an adrenal malignancy in 
patients with Cushing’s syndrome is suspected.?? 
Autonomous activity of the adrenal glands will lead to 
a low plasma ACTH level, associated with elevated 
plasma cortisol concentration. 


Tumor localization 


Abdominal CT and/or MRI can document the exis- 
tence of an adrenal lesion or bilateral nodular hyperpla- 
sia in cases of ACTH-dependent Cushing’s syndrome. 
In patients with adrenal tumors, the contralateral 
adrenal should appear normal but could be atrophic 
since there is suppression of ACTH by the unilateral 
cortisol-secreting tumor. Determining between ade- 
nomas and carcinomas is usually not feasible, but 
tumors >5 cm should be considered malignant until 
proven otherwise. Nevertheless, the ultimate confirma- 
tion of the diagnosis is histopathologic.”°?7 


Treatment 


The treatment of Cushing’s syndrome secondary to 
adrenal tumors is surgical. Adrenalectomy will either 
be performed unilaterally if there is a mass or bilater- 
ally in patients with ACTH-dependent Cushing’s syn- 
drome not cured by other modalities. Preoperative 
preparation requires measures to correct the hyper- 
cortisolemia and its metabolic sequelae. Moreover, 
cortisol administration perioperatively should take 
place to prevent a state of hypoadrenalism. This 
would occur in cases of total bilateral adrenalectomy 
but also in cases of unilateral adrenalectomy, because 
the removal of the source of excessive cortisol in the 
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presence of an invariably atrophied contralateral 
gland will inevitably lead to temporary or permanent 
adrenal insufficiency. 

Medical treatment is indicated in patients who 
cannot undergo surgery or in those who have had 
unsuccessful resection of their tumor (pituitary, 
ectopic, or adrenal) with or without metastatic spread. 
Metyrapone, ketoconazole, — aminoglutethimide, 
mitotane, and etomidate have been used as inhibitors 
of steroid biosynthesis, and thus can be utilized in all 
cases of hypercortisolemia, regardless of cause, often 
with rapid improvement in the clinical features. 


Prognosis 


Removal of an adenoma offers an excellent prognosis, 
whereas the outlook for patients with malignant 
tumors is poor. Children tend to have a better prog- 
nosis, however.?°:2? 


Virilizing adrenal tumors 


Abnormal virilization is seen in cases of adrenocorti- 
cal carcinomas in two-thirds of the adult patients,*° 
whereas it is the most common hormonal syndrome 
in children with adrenocortical tumors.?89.3! Viril- 
ization is due to hypersecretion of adrenal androgens, 
including DHEA and its sulfate derivative DHEAS, 
A®-androstenediol, and A*-androstenedione, all of 
which may be converted to testosterone and 5a,-dihy- 
drotestosterone. 

In adult females, the signs and symptoms include 
oligoamenorrhea, hirsutism, acne, excessive muscle 
mass, temporal balding, increased libido, and cli- 
toromegaly. In young girls, precocious puberty 
occurs. Cushing’s syndrome, combined with signs of 
virilization, is seen in 10-30% of all patients.?-3-32 

Measurement of plasma adrenal androgens, testos- 
terone, and 24-h urinary excretion of 17-ketosteroids 
may confirm the clinical diagnosis of adrenally 
induced virilization. 


Feminizing adrenal tumors 


Feminization seen as a single manifestation is quite 
rare. More commonly seen in males, feminization 
comes to one’s attention because of newly observed 
gynecomastia and can be confirmed by measurements 


of elevated plasma estradiol and/or estrone.*? 


Aldosteronism 


Aldosterone is the principal mineralocorticoid 
secreted by the adrenal gland. Increased secretion may 


be secondary to a primary defect (primary hyperal- 
dosteronism) or result from factors that activate the 
renin—angiotensin system (secondary). Patients with 
primary hyperaldosteronism present with hyperten- 
sion and/or hypokalemia; those with secondary do 
not. Primary aldosteronism will lead to a state of min- 
eralocorticoid excess with low plasma renin activity 
(PRA). It may be caused by the following patholo- 
gies: an aldosterone-producing adenoma (APA), idio- 
pathic bilateral (BAH) or unilateral (UAH) adrenal 
hyperplasia, glucocorticoid-remediable aldosteronism 
(GRA), or an aldosterone-producing adrenocortical 
carcinoma. 

Although rare, unilateral APA has been described 
in children as young as 3.5 years and usually affects 
girls. Hypertension, hypokalemia, and metabolic alka- 
losis resulting from autonomous production of aldos- 
terone by an adenoma was first reported by Conn in 
1954. Since then, numerous studies have looked at 
the prevalence of primary aldosteronism and reported 
rates of between 0.05 and 14.4% among hypertensive 
individuals.*4+-*” BAH tends to occur in older children 
and affects males more frequently. Primary aldostero- 
nism due to UAH has been reported infrequently in 
the pediatric population.*8+! Adrenal carcinomas, an 
exceedingly rare cause of primary aldosteronism, are 
usually large (>5 cm) at the time of diagnosis. 

Other states of mineralocorticoid excess with low 
PRA may include cases of congenital adrenal hyper- 
plasia or Liddle’s syndrome.*? In these two syn- 
dromes, non-aldosterone-mediated renal sodium 
reabsorption results in volume expansion and sup- 
pression of both PRA and plasma aldosterone (PA). 

At the other end of the spectrum, other patients 
may present with a state of mineralocorticoid excess 
with high PRA. They may be hypertensive (renovas- 
cular disorders, coarctation of the aorta, renin-secret- 
ing tumors), normo- or hypotensive with reduced 
circulating blood volume (Gitelman’s syndrome, 
Bartter syndrome, pseudohypoaldosteronism type I, 
diuretic use), or have reduced ‘effective’ circulating 
blood volume (congestive heart failure, hepatic cir- 
rhosis, nephrotic syndrome). 


Physiology of aldosterone regulation and action 


Aldosterone synthesis is orchestrated by the 
renin—angiotensin system. Renin, produced in the 
juxtaglomerular apparatus, catalyzes the conversion of 
angiotensinogen to angiotensin I. Angiotensin I 
undergoes further enzymatic conversion by 
angiotensin-converting enzyme (ACE) to produce 
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angiotensin II, which acts to stimulate the production 
of aldosterone from the zona glomerulosa. The 
renin—angiotensin II system is also expressed locally 
and regulates aldosterone production in a paracrine 
fashion. Aldosterone’s release is positively and directly 
modified by potassium balance. It can also be modu- 
lated by other factors such as ACTH, dopamine, and 
atrial natriuretic peptide. 


Clinical findings 


Signs and symptoms of hyperaldosteronism are non- 
specific, often resulting in or associated with hyper- 
tension with headache, dizziness, 
disturbances. However, some individuals have mini- 
mal blood pressure elevations and, as a result, hyper- 
tension is not a sine qua non for this disorder.!? In 
fact, the most common finding remains hypokalemia. 
Chronic hypokalemia may lead to ‘clear cell nephro- 
sis, polyuria, nocturia, enuresis, and polydipsia. 
Muscle weakness and discomfort, tetany, intermittent 
paralysis, fatigue, and growth failure may also be 
observed in these children. Classic features of moder- 
ate-to-severe hypertension, hypokalemia, and meta- 
highly suggestive of 
mineralocorticoid excess. However, only subtle clues 
of hyperaldosteronism exist in the majority of cases 
such as the recent onset of refractory hypertension. 


and visual 


bolic alkalosis are 


Laboratory findings 


Hyperaldosteronism can generally be proven by mea- 
surements of aldosterone and PRA, 11-deoxycorti- 
costerone and/or corticosterone, respectively. Plasma 
and urine levels of aldosterone are increased, and 
plasma levels of renin are persistently low.3- In 
addition, the serum pH, carbon dioxide content, and 
sodium concentrations may be increased and the 
serum chloride and magnesium levels decreased. 
Serum levels of calcium are normal, even in children 
who manifest tetany. The urine is neutral or alkaline, 
and kaliuresis is present. Aldosterone does not 
decrease with sodium chloride administration and 
renin does not respond to salt and fluid restriction. 


Differential diagnosis and tumor localization 


All cases with a history of hypertension associated 
with ‘spontaneous’ or severe hypokalemia precipitated 
by diuretic therapy should suggest the diagnosis of 
primary aldosteronism. Suspicion is also warranted in 
all incidentally discovered adrenal masses, especially 
in a hypertensive individual.46 Once the diagnosis is 
established, it is necessary to identify the underlying 


cause (APA, BAH, UAH, GRA, or an aldosterone- 
producing adrenocortical carcinoma). 

All children should have a therapeutic trial with 
daily administration of dexamethasone before inva- 
sive studies are carried out, since this test is easy to 
perform. A marked suppression of aldosterone and 
disappearance of hypertension is observed in patients 
with the glucocorticoid-suppressible variant of hyper- 
aldosteronism or GRA. 

If there is no response, CT scanning or MRI may 
reveal a mass within the adrenal. In cases of inconclu- 
sive data or equivocal radiographic features, however, 
adrenal vein sampling of aldosterone and cortisol is 
recommended to differentiate between an adenoma 


and hyperplasia.47~°° 


Treatment 


GRA is managed by daily administration of glucocor- 
ticoid. The treatment of an APA is surgical. Resection 
cures or ameliorates hypertension and invariably treats 
the hypokalemia. In one recent analysis, however, only 
one-third of patients became normotensive postopera- 
tively.>! In patients known to have an APA, suppres- 
sion of aldosterone secretion in the contralateral 
adrenal gland is expected, thus resulting in a transient 
hyporeninemic hypoaldosterone state.5? Therefore, 
sodium restriction could increase the risk of dehydra- 
tion. Pharmacologic treatment of BAH with spirono- 
lactone or amiloride usually results in normalization of 
the blood pressure and serum potassium levels. Man- 
agement of secondary hyperaldosteronism is directed 
toward the specific causative disorder. 


Hereditary syndromes associated with 
adrenocortical tumor formation 


Adrenocortical tumors have been associated with sev- 
eral genetic syndromes, which explains the origin of 
the familial adrenocortical tumors and the unusual 
associations with other tumors and/or conditions.? 
Among many, the multiple endocrine neoplasia type 
1 (MEN 1) and the Beckwith-Wiedemann syndrome 
are the ones most commonly mentioned. The clinical 
features associated with MEN 1 are hyperparathy- 
roidism and  pancreatic-duodenal and pituitary 
tumors. The chromosomal anomalies are mutations at 
locus 11q13,°*°4 whereas the chromosomal defect 
found in the Beckwith-Wiedemann syndrome 
(neonatal macrosomia, macroglossia, and omphalo- 
cele) is an allelic loss of 11q15. Other syndromes 
associated with benign and/or malignant adrenocorti- 
cal neoplasms include Carney’s complex, congenital 
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adrenal hyperplasia, Li-Fraumeni syndrome and 
McCune-Albright syndrome. 


Diseases of the adrenal medulla 


Pheochromocytoma 


Pheochromocytomas are  catecholamine-secreting 
tumors. Ninety percent arise from the medullary por- 
tion of the adrenals, whereas 10% occur in extra- 
adrenal chromaffin tissues (paragangliomas). About 
10% are familial, multicentric, and bilateral, whereas 
the remainder are sporadic. The incidence in the 
hypertensive population varies between 0.05 and 
0.1%. 

Pheochromocytomas are uncommonly observed in 
children and the true incidence is unknown. Indeed, it 
appears that this tumor of neuroectodermal origin is 
more common in adults, and most data on its behav- 
ior and management have been obtained from the 
adult population. In comparison with the findings 
observed in adults, known facts regarding pheochro- 
mocytomas in children include an age at presentation 
of around 10 years, a male propensity in most series, 
an increased incidence of bilaterality (20%) and mul- 
tifocality, a lower of malignancy 


(2.4-3.5%), and a greater tendency for familial occur- 
55 


incidence 


rence. 

Familial pheochromocytomas can occur with or 
without an association to known familial cancer syn- 
dromes (MEN 2, von Hippel-Lindau disease, neu- 
rofibromatosis type 1, Sturge-Weber syndrome, and 
familial carotid body tumors).°° It appears that hered- 
itary forms can evolve differently in terms of tumor 
growth rate and malignancy potential. Thus, individ- 
uals with familial pheochromocytomas are diagnosed 
at a younger age and tend to have bilateral or multi- 
focal lesions that are usually benign. 


Signs and symptoms 


Signs and symptoms are related to excessive secretion 
of catecholamines produced in large amounts by 
pheochromocytes. Hypertension is the most common 
sign and it is more frequently sustained in young sub- 
jects rather than paroxysmal. Other signs and symp- 
toms could include postural hypotension, headaches, 
increased sweating, pallor, flushing, tachycardia, 
weight loss, constipation, weakness, and visual com- 
plaints. Headaches, nausea, vomiting, constipation, 
weight loss, and visual complaints are frequently 
observed in children.*7>8 A palpable mass could also 


be present and in combination with sustained hyper- 
tension should strongly suggest the diagnosis. 
Nonetheless, a palpable mass could be the sole finding. 


Diagnosis 


The biochemical diagnosis is achieved from measure- 
ments of catecholamines and catecholamine metabo- 
lites in plasma or urine.°?-63 Norepinephrine and 
epinephrine are ubiquitously produced by the sympa- 
thoneuronal and sympathomedullary systems and, 
therefore, are not specific to pheochromocytomas. 
Other limitations relate to the fact that increased 
plasma catecholamine levels may be produced by a 
variety of conditions (e.g. emotional stress, physical 
activity, eating, fever), that in some patients 
pheochromocytomas may not secrete catecholamines, 
or that many pheochromocytomas secrete episodi- 
cally. Glucagon stimulation and clonidine suppression 
tests are useful in some patients to further confirm the 
diagnosis of pheochromocytoma.°764° 


Tumor localization 


Pheochromocytomas can be imaged with CT, MRI, 
and/or scintigraphy after administration of 131- or 
123T-labeled metaiodobenzylguanidine (MIBG).°°°? 
If an initial abdominal CT or MRI is positive, whole- 
body MIBG should be performed to confirm the 
diagnosis. If abdominal studies are negative, then 
whole-body evaluation by CT or MRI is indicated. If 
an initial MIBG scan is positive, then CT or MRI fol- 
lows to precisely localize a mass. However, a negative 
MIBG scan does not exclude a pheochromocytoma. 
More recently, positron emission tomography (PET) 
has been used in particular cases. 


Treatment 


The definitive treatment is surgical excision of the 
tumor. Of particular interest, patients with pheochro- 
mocytomas should undergo pharmacologic blockade 
(a and p) of catecholamine effects and synthesis prior 
to surgery as well as aggressive correction of the 
hypovolemia perioperatively to avoid hypotension. 
Intra-adrenal pheochromocytomas can be removed 
successfully by laparoscopy, which minimizes cate- 
cholamine-induced hemodynamic changes during 
operation.” 


The neuroblastic tumors 


Neuroblastic tumors include ganglioneuroma, gan- 
glioneuroblastoma, and neuroblastoma, which are 
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tumors of the sympathetic nervous system.” They 
arise wherever sympathetic tissue exists and are found 
in the neck, posterior mediastinum, adrenal gland, 
retroperitoneum, and pelvis. The adrenal gland is the 
most common site; hence the need to discuss these 
pathologies. 

The most benign tumor is the ganglioneuroma, 
which is composed of gangliocytes and mature 
stroma.”%73 It arises from the medulla in less than half 
of the cases found to have an abdominal ganglioneu- 
roma.’*77 Patients of all ages are affected, predomi- 
nantly children and young adults (42-60% of 
cases)788! and they are often asymptomatic. Other- 
wise, abdominal pain or an abdominal mass is the 
most common finding.”? Hormonally active tumors 
have been reported, and the secretion of cate- 
cholamines, vasoactive intestinal polypeptides, or 
androgenic hormones explains such symptoms as 
hypertension, diarrhea, and virilization.78-80.82-84 The 
prognosis is excellent, and recurrence is rare after sur- 
gical removal. 7°85 

Ganglioneuroblastomas are transitional tumors of 
sympathetic cell origin that contain elements of both 
malignant neuroblastoma and benign ganglioneu- 
roma. The most common tumor location is the 
abdomen. This tumor is most often seen in patients 
2-4 years old and is rarely seen after 10 years.8° The 
prognosis and response to therapy are significantly 
more favorable than with neuroblastomas.8” 

Neuroblastoma is the most immature, undifferenti- 
ated, and malignant tumor of the three that consist of 
primitive neuroblasts.88 Neuroblastoma, however, 
may have a relatively benign evolution, even when 
metastatic. It is the third most frequent neoplasm in 
children after leukemia and central nervous system 
tumors. 

These tumors are predominantly found in boys 
<10 years of age. Furthermore, approximately 80% 
of these neoplasms are found in children under the 
age of 5 years, with a median age of 22 months.*® 
Two-thirds of neuroblastomas are located in the 
abdomen, and approximately two-thirds of these arise 
in the adrenal gland. The remaining ones originate in 
the paravertebral sympathetic chain or presacral area 
or organ of Zuckerkandl.8? Neuroblastomas metasta- 
size to bone, bone marrow, liver, lymph nodes, and 
skin and 35-70% of the cases have systemic disease 
when diagnosed.88.90-% 

These tumors can also be observed in newborns or 
fetuses, as prenatal sonography may allow antenatal 
diagnosis. In fact, neuroblastoma is the most 
common malignancy in the first month of life, 


accounting for 30-50% of all malignant tumors at 
this age. Both fetal and neonatal neuroblastomas have 
very good prognoses but differ somewhat in their pat- 
terns of metastatic spread and organ of origin.?”?8 
Neonatal neuroblastoma has an adrenal origin in 45% 
of patients and 60% have metastases at the time of 
diagnosis, mostly to the liver, bone cortex, marrow, 
and skin. Tumor biologic behavior is usually favor- 
able, and the survival rate is greater than 90%. How- 
ever, mortality may occur, and is often caused by 
respiratory insufficiency from massive hepatic metas- 
tases.2” Fetal neuroblastoma has been discovered as 
early as 19 weeks, although the mean age at discovery 
is 36 weeks.?8 It is almost always (90% of cases) of 
adrenal origin. It presents with hepatic and, less com- 
monly, marrow metastases. An almost universally 
good outcome is expected and a conservative 
approach is advocated.?* Because approximately 90% 
of neuroblastomas and ganglioneuroblastomas secrete 
vanillylmandelic acid (VMA) and homovanillic acid 
(HVA), screening of urinary catecholamines via urine 
assay grew in popularity in an attempt to improve 
outcome. Screening began in Japan in 1973 in 6- 
month-old infants. Unfortunately, epidemiologic 
analysis showed that the incidence in older children 
did not change, and that the tumors discovered at 
screening were of low stage and favorable histologic 
characteristics, suggesting that the tumors discovered 
via urinary screening were those likely to remain 
occult, regress, or mature. Other studies done in 
Quebec have shown similar data.°? Therefore, it 
appears that screening in infancy does not reduce the 
incidence of advanced-stage disease in older children, 
nor does it increase survival in younger patients with 
more aggressive tumors. The value of screening after 
1 year of age or later is unknown. 100-101 

The most frequent clinical finding observed in the 
presence of a neuroblastoma is abdominal pain fol- 
lowed by abdominal distention. Other symptoms 
include malaise, irritability, weight loss, shortness of 
breath, and peripheral neurologic deficit.2° Of inter- 
est, neuroblastic tumors may rarely occur in combi- 
nation with von Recklinghausen’s disease, Beckwith- 
Wiedemann syndrome, Hirschsprung’s disease, central 
failure of ventilation, or DiGeorge syndrome.87:88.102 

Two classification systems are commonly used in 
North America to differentiate neuroblastic tumors 
into risk groups: the Shimada classification and the 
Pediatric Oncology Group (POG) classification. Both 
systems assess histologic features, such as cellular dif- 
ferentiation, to determine prognosis. The POG system 
is based solely on the degree of differentiation of the 
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different histologic elements. !9%!04 The Shimada clas- 
sification combines histologic features and patient age 
at diagnosis. 1° The degree of cellular and extracellular 
maturation between the three tumors varies tremen- 
dously; immature tumors tend to be aggressive and 
occur in youngsters (median age under 2 years), 
whereas mature tumors occur in older patients 
(median age approximately 7 years) and tend to have 
a more benign behavior.” Also, prognosis varies 
according to additional features such as DNA content, 
tumor proto-oncogenes, and catecholamine synthesis. 
Also, another stratification tool, based on clinical, radi- 
ologic, and surgical features, was developed in 1986 
by an international consensus group, the International 
Neuroblastoma Staging System (INSS) 106-107 
Treatment consists of surgery and, usually, 
chemotherapy. Radiation therapy may also be used. 
Children with low- or intermediate-risk tumors have 
a relatively good prognosis but, despite recent 
advances in treatment, including bone marrow trans- 
plantation, neuroblastoma remains a lethal tumor, 
accounting for 15% of cancer deaths in chil- 
dren.!08:10 More specifically, even with aggressive 
treatment of the high-risk tumors, the 3-year event- 
free survival rate for these patients is less than 15%1°8 
but improved 2-year survival after bone marrow 
transplantation has been documented in some stud- 
ies; prolonged survival is currently being assessed. 10° 
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Background 


In 1936, Hugh Hampton Young described bilateral 
subtotal adrenalectomy for children with congenital 
adrenal hyperplasia (CAH).! Since that time, the 
physiology and pathophysiology of the adrenal gland 
has become increasingly understood, while imaging 
of the adrenal to localize disease processes has 
improved. These advancements have helped to define 
the role of surgery in the management of adrenal dis- 
orders. The spectrum of pediatric adrenal disease, as 
well as the pathophysiology of these processes, has 
been covered in the preceding chapters. Here, we 
focus primarily on the surgical management of 
adrenal disease. Specific pathologic conditions are 
addressed with regard to their influence on surgical 
approach. 


Laparoscopic adrenalectomy 


Since the first description of laparoscopic adrenalec- 
tomy by Gagner et al in 1992, the advantages of the 
laparoscopic approach have been well documented in 
the adult population, including shorter hospital stay, 
decreased postoperative pain, quicker return to pre- 
operative activity level, and improved cosmesis.?7~ 
However, there has been a relative delay in the appli- 
cation of laparoscopic adrenalectomy to the pediatric 
population. This delay has resulted in part from the 
higher incidence of malignant adrenal tumors among 
children compared with adults.”? In addition, neu- 
roblastoma, which represents the most common 
adrenal tumor in children, is characterized by an infil- 
trative growth pattern that has traditionally been seen 
as a contraindication to laparoscopic excision. Never- 
theless, the growing experience with laparoscopy and 
the continued improvements in surgical instrumenta- 
tion have fostered a trend toward increased use of 
minimally invasive techniques in pediatric adrenal 
surgery. To date, laparoscopic adrenalectomy has 


been reported for a variety of adrenal pathologies in 
children, including adrenal adenoma, carcinoma, 
hyperplasia, pheochromocytoma, and, more recently, 
select cases of neuroblastoma as well.?-!2 

The approach to laparoscopic adrenalectomy may 
be either transperitoneal or retroperitoneal. In both of 
these techniques, the central tenet of the procedure is 
to dissect the adrenal gland from the surrounding 
tissue with minimal manipulation of the gland itself; 
in essence, to remove the patient from the adrenal 


gland.!8 


Transperitoneal laparoscopic 
adrenalectomy 


Patients are placed on a clear liquid diet on the day 
before surgery, and are given a mechanical bowel 
preparation. After general anesthesia is established, a 
Foley catheter is inserted into the bladder, and the 
stomach is decompressed with an oral gastric tube. 
We place the patient in the semilateral decubitus posi- 
tion, with the side of the lesion elevated approxi- 
mately 45°, and flex the operating table. The patient 
is draped from the nipple line to the lower abdomen 
and across the midline, allowing for possible open 
conversion. The patient is rolled to a near-supine 
position, and pneumoperitoneum is established. We 
prefer the Hasson open cutdown technique for estab- 
lishing pneumoperitoneum in the pediatric popula- 
tion. The first trocar, an 11-12 mm trocar, is placed 
in the midline just above the umbilicus. The peri- 
toneal space is insufflated to 12-15 mmHg using 
CO,, and the abdominal cavity is explored with a 10 
mm, 30° laparoscope. The table is then rolled to a full 
flank position for additional trocar placement. 

For left adrenalectomy, two accessory trocars are 
inserted: a 5mm port 3-4cm cephalad to the 
supraumbilical trocar, and a 5 mm port in the mid- 
clavicular line, below the costal margin (Figure 17.1). 
Port placement may vary slightly with the age and size 
of the child. Adhesions of the left upper quadrant to 
the anterior abdominal wall are first identified and 
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Figure 17.1 Port placement for transperitoneal laparo- 
scopic left adrenalectomy. The supraumbilical working 
instrument trocar is 11-12 mm, to facilitate insertion of 
a clip applier. 


incised using the harmonic scalpel. The splenic flexure 
of the left colon is then mobilized by incising the peri- 
toneum along the line of Toldt. The spleen is mobi- 
lized by incising its attachments to Gerota’s fascia, 
abdominal side wall, and diaphragm with the har- 
monic scalpel or electrocautery shears. Dissection of 
the lateral splenic attachments is carried out until the 
gastric fundus is visualized. At the conclusion of this 
dissection, the spleen should fall medially without the 
need for retraction. 

Once the splenic flexure and spleen are mobilized, 
the plane between the tail of the pancreas and 
Gerota’s fascia is developed to release the pancreas 
medially. The superior border of the adrenal gland is 
then dissected from lateral to medial. The inferior 
phrenic vessels are identified, clipped, and divided as 
they are encountered along the upper aspect of the 
adrenal. The lateral-most attachments of the gland are 
left intact to hold the gland in place, and thereby facil- 
itate the remainder of the dissection. Dissection is car- 
ried medially along the gland, where the arterial 
supply to the adrenal from the aorta is encountered, 
clipped, and divided. Inferiorly, the left adrenal vein is 
identified entering the left renal vein, clipped, and 
divided. 

Division of the left adrenal vein often reveals an 
inferior adrenal artery arising from the left renal 
artery; if encountered, this artery should be clipped 
and divided. Finally, the lateral attachments of the 


adrenal are divided, releasing the gland. The adrenal 
is placed in a retrieval bag inserted through the umbil- 
ical port. Visualization for the remainder of the pro- 
cedure is accomplished with a 5 mm, 30° scope placed 
through the port in the midclavicular line. The bag 
containing the specimen is temporarily placed on the 
kidney, and the operative bed irrigated and inspected 
for bleeding. Once hemostasis is ensured, the speci- 
men is then removed from the patient; the trocar site 
may be enlarged if necessary to facilitate the removal 
of larger glands. The remaining ports are then 
removed and closed. 

Laparoscopic right adrenalectomy is performed 
using three accessory trocars, because of the need to 
retract the liver. After insufflation, a 5mm port is 
placed 3-4. cm cephalad to the supraumbilical trocar 
(as for left adrenalectomy above), while two 5 mm 
ports are placed laterally, below the costal margin in 
the anterior axillary and midclavicular lines (Figure 
17.2). After adhesions of the right upper quadrant to 
the anterior abdominal wall are incised, the liver is 
mobilized from the abdominal side wall and 
diaphragm by incising the triangular and coronary lig- 
aments. The extent of mobilization of the liver neces- 
sary for exposure increases with age in children, as the 
distance between structures increases and the flexibil- 
ity of tissues decreases. A liver retractor is then intro- 
duced through the anterior axillary line trocar to reflect 
the liver away from the adrenal (see Figure 17.2). 
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Figure 17.2 Port placement for transperitoneal laparo- 
scopic right adrenalectomy. Note additional trocar in 
anterior axillary line for liver retractor. 
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With the liver mobilized, the anterior wall of the 
vena cava is identified, and the medial attachments of 
the adrenal gland are released. The duodenum is 
mobilized medially, exposing the renal hilum. As the 
dissection is carried cephalad on the anterior wall of 
the cava, the right adrenal vein is identified. We secure 
the vein by doubly clipping both the patient and spec- 
imen sides of the vein and then sharply dividing the 
vein between the clips (Figure 17.3). 

Once the adrenal vein has been controlled, the 
superior and inferior aspects of the adrenal are 
sequentially dissected as for a left adrenalectomy, 
dividing the inferior phrenic vessels on the cephalad 
border and the inferior vascularized pedicle, which 
arises from the right renal hilum, on the caudal border 
of the gland. The adrenal gland is then mobilized off 
the upper pole of the kidney by incising Gerota’s 
fascia at the junction of the upper pole and the adrenal 
using the harmonic scalpel. The lateral attachments, 
left intact to maintain the gland in position for dis- 
section, are released last, and the adrenal removed. 

Postoperatively, patients are started on clear liquids 
on the night of surgery, and their diet is advanced as 
tolerated. The Foley catheter is removed on the first 
postoperative day, and patients are typically dis- 
charged after passing a trial of voiding. 


Figure 17.3 Transperitoneal laparoscopic exposure 
and ligation of the right adrenal vein. The camera port 
is not shown. 


Retroperitoneal laparoscopic 
adrenalectomy 


Since its description by Gaur in 1992, retroperitoneal 
laparoscopy has been well described for a variety of 
procedures, including adrenalectomy, in adults.!* 
Proponents of the retroperitoneal laparoscopic 
approach argue that this technique offers a more 
direct access to the adrenals, without the need for dis- 
section and retraction of intra-abdominal organs. This 
approach may be particularly suited for patients with 
a history of abdominal trauma or surgery, in whom 
dense intra-abdominal adhesions may be anticipated. 
In addition, by not opening the peritoneum, postop- 
erative intestinal complications are potentially 
avoided. Disadvantages of retroperitoneal 
laparoscopy include a limited working space, which is 
a particular challenge in the pediatric patient popula- 
tion.1 To date, the application of retroperitoneal 
laparoscopic adrenalectomy in children has been lim- 
ited. One study reported on 3 cases of retroperitoneal 
laparoscopic adrenalectomy in children, with one 
open conversion, while a second study reported on 10 
cases without an open conversion.!”!8 As the experi- 
ence with pediatric retroperitoneal laparoscopic 
nephrectomy becomes more widespread, however, 
and its efficacy and safety confirmed, the application 
of retroperitoneal adrenalectomy will probably 
increase as well.!619-22 

We position the patient in flank position, and gain 
initial access through an incision below the tip of the 
12th rib, just superior to the anterior iliac spine. Dis- 
section is carried bluntly through the external and 
internal oblique muscles and the transversus abdomi- 
nus muscle into the retroperitoneum. The peri- 
toneum is swept medially, and a working space in the 
retroperitoneum is established using balloon disten- 
tion. We prefer fashioning a balloon for distention by 
securing the finger of a surgeon’s glove to a 16 Fr red 
rubber catheter. Once the balloon is introduced into 
the retroperitoneal space, the glove tip is filled with 
100-500 ml of saline and left inflated for 5 minutes to 
develop the retroperitoneal space. The balloon is then 
removed, a 10 mm Hasson trocar is introduced into 
the space, and pneumoretroperitoneum established to 
a pressure of 12 mmHg. Two additional 5 mm tro- 
cars are placed in the posterior and anterior axillary 
lines, superior to the Hasson trocar. 

For right adrenalectomy, the vena cava is identified 
medial to the psoas muscle, and dissection is carried 
superiorly along the vena cava to identify first the 
renal hilum and then the right adrenal vein, which is 
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ligated using hemoclips. The medial and inferior mar- 
gins of the adrenal are dissected, dividing the adrenal 
arteries with the harmonic scalpel or clips as they are 
encountered. The superior aspect of the gland is 
mobilized as well, and the adrenal is then dissected 
free from the upper pole of the kidney. As with the 
transperitoneal laparoscopic adrenalectomy, the lat- 
eral attachments of the gland are released last, and the 
adrenal is removed. 

The initial dissection for a retroperitoneal laparo- 
scopic left adrenalectomy identifies the renal hilum. 
The left renal artery is retracted inferiorly, revealing 
the adrenal vein as it enters the left renal vein. The 
adrenal vein is ligated with hemoclips and divided. 
The adrenal gland is then dissected along its perime- 
ter, using the harmonic scalpel and hemoclips as 
needed. For a left-sided retroperitoneal laparoscopic 
adrenalectomy, the medial attachments of the gland 
are left intact to facilitate dissection, while the supe- 
rior, lateral, and inferior mobilization of the adrenal is 
completed. The medial attachments are released last, 
and the specimen extracted. 


Results of laparoscopic adrenalectomy 


There are no prospective studies in the pediatric pop- 
ulation comparing laparoscopic versus open adrena- 
lectomy. A retrospective analysis of 
adrenalectomy in children found a shorter hospital- 
ization, decreased postoperative pain, more rapid 
return to preoperative activity level, and improved 
cosmesis in the laparoscopic cohort.?? Moreover, a 
number of studies have confirmed the safety and effi- 
cacy of laparoscopic adrenalectomy in children (Table 
17.7" 

Although no absolute upper limit has been set on 
the size of adrenal tumors that can be removed 
laparoscopically, larger tumors, especially of the right 
adrenal gland where lesions may grow behind the 
vena cava, present a greater technical challenge and 
increased operative risk. These lesions should be 
assessed on an individual basis, taking into account 


recent 


the likely tumor pathology as well as the surgeon’s 
experience. In particular, tumors with clear evidence 
of local extension, requiring en bloc resection of adja- 
cent organs, should be managed with open resection. 


Open adrenalectomy 


Given that the role of laparoscopic adrenalectomy in 
the pediatric population is still evolving, as well as the 
predominance of neuroblastomas (many of which 
may not be amenable to the laparoscopic resection) 
among adrenal lesions in children, pediatric urologists 
should be familiar with the various open approaches 
to adrenalectomy as well. As with laparoscopy, the 
central principle of open adrenal surgery is to dissect 
the patient from the tumor, with minimal manipula- 
tion of the gland. 


Flank approach 


The standard extrapleural, extraperitoneal flank 
approach to the adrenal gland may be performed for 
either left or right adrenalectomy. This technique 
offers the advantage of utilizing the positioning and 
initial exposure (Figure 17.4) familiar to urologists 
from radical nephrectomies. For right adrenalectomy, 
the retroperitoneal space is first identified by medial 
reflection of the colon and duodenum. The liver is 
dissected off the anterior surface of the adrenal, allow- 
ing ligation of the superior vasculature to the gland. 
This dissection is facilitated by inferior traction on the 
kidney, and the mobilization is continued along the 
posterior abdominal wall and diaphragm from lateral 
to medial. The small arterial branches to the adrenal 
should be divided with hemoclips as they are encoun- 
tered. The inferior vena cava is then exposed, and the 
adrenal vein identified, dissected free, and divided 
with clips or ties. The inferior attachments of the 
adrenal to the kidney are released last, allowing 
removal of the gland. 

Mobilization for left adrenalectomy begins with 


Table 17.1 Published series of laparoscopic adrenalectomy in children 


Study No. of Age Lesion size Hospital stay Operative time Rate of open 
patients (mean) (mean) (mean) (mean) conversion 
Miller et al'° 17 9.8 years 4.8 cm 1.5 days 120 min 5.8% 
Castilho et al" 13 6.3 years 4.1 cm 5.5 days 107 min 15.4% 
Kadamba et al? 10 4 years 5.3 cm 3 days 143 min 20% 


Surgery of the adrenal 263 


) AW 9 


Figure 17.4 Positioning for flank approach to left 
adrenalectomy. Dotted line marks 11th rib incision. 


division of the splenorenal ligament. Gerota’s fascia 
can be swept medially, and the pancreas retracted 
superiorly and medially, exposing the adrenal. The 
superior attachments of the adrenal are released from 
lateral to medial, leading to the renal hilum. The 
adrenal vein is isolated at its entry to the renal vein, 
where it is divided. The inferior aspect of the gland is 
dissected off the upper pole of the left kidney, and the 
gland is then removed. 


Thoracoabdominal adrenalectomy 


The main indication for a thoracoabdominal 
approach to the adrenal gland is to provide maximum 
exposure for large tumors, particularly on the right 
side where the liver and vena cava can impede expo- 
sure. However, this technique may increase pul- 
monary complications, as the diaphragm is divided 
and the thoracic cavity entered.” The patient is posi- 
tioned in approximately 45° flank, and the incision is 
made through either the 8th or 9th intercostal space 
(Figure 17.5). The intercostal muscles are encoun- 
tered and divided, revealing the muscle fibers of the 
diaphragm, which are circumferentially divided. 
Adrenalectomy is then performed as described above 
for the flank approach. At the conclusion of the pro- 
cedure, a thoracostomy tube is placed in the ipsilateral 
hemithorax, and the diaphragm is closed using inter- 
rupted silk sutures. 


Posterior adrenalectomy 


Currently, we use the open posterior approach to 
adrenalectomy primarily for simultaneous bilateral 
adrenalectomy: for example, in patients with Cush- 
ing’s disease.” Patients are placed in the prone posi- 
tion, and an oblique incision is made overlying the 
11th or 12th ribs (Figure 17.6). After subperiosteal 
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Figure 17.5 (a) Incision overlying 9th rib for thoraco- 
abdominal left adrenalectomy. (b) Exposure after 
resection of rib (seen cut at top of figure). Dotted line 
marks incision in diaphragm muscle. 


rib resection, the diaphragm and pleura are mobilized 
superiorly to expose the retroperitoneal space. For left 
adrenalectomy, the splenorenal ligament is first 
released laterally, and dissection then proceeds on the 
superior aspect of the gland from lateral to medial. 
This dissection may be facilitated by downward 
manual traction on the kidney. Medially, the left 
adrenal vein is identified and divided with clips or ties 
at its insertion to the left renal vein. Dissection is 
completed along the inferior aspect of the gland, and 
the adrenal is removed. 


D 


< 


Figure 17.6 Positioning for (standard) posterior 
approach to adrenalectomy. Dotted line marks inci- 
sion. 
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For a posterior right adrenalectomy, the liver is ini- 
tially dissected off the adrenal and retracted cephalad. 
The superior vascular attachments of the gland are 
then divided from lateral to medial, until the vena 
cava is exposed. The lateral wall of the vena cava is 
dissected to the origin of the right adrenal vein, which 
can be clipped or tied and divided. After division of 
the vein, the inferior attachments of the gland are 
released, and the adrenal is removed. Given the often 
difficult exposure of the right adrenal vein through 
this (standard) posterior approach, we perform open 
right adrenalectomy via a modified posterior 
approach, where the patient’s position on the operat- 
ing table approximates that used during a Gil-Vernet 
dorsal lombotomy incision (Figure 17.7).?5 An 11th 
or 12th rib incision is made, and the liver is mobilized 
as described above. However, as the vena cava is 
exposed by division of the superior attachments of the 
gland, the adrenal vein is encountered coursing 
toward the operating surgeon (see Figure 17.7), 
thereby facilitating its identification and division. In 
the (standard) posterior approach, the vein lies in a 
posterior position and is thus at risk of avulsion 
during exposure.!5 The remainder of the dissection 
proceeds as for the standard posterior approach. 


Transabdominal adrenalectomy 


Transabdominal adrenalectomy is indicated primarily 
to facilitate complete abdominal exploration, as in the 
case of multiple pheochromocytomas, patients with 
large adrenal carcinomas, and for adrenal lesions with 
involvement of the inferior vena cava. A chevron inci- 
sion is used to gain access to the peritoneum (Figure 
17.8), which is then systematically explored for 
lesions and/or metastases. Once this has been accom- 
plished, right adrenalectomy may be performed by 
reflection of the hepatic flexure of the colon inferiorly 
and incision in the posterior peritoneum lateral to the 
kidney. This allows reflection of the liver superiorly 
and exposes the anterior vena cava, approximately at 
the level of the renal hilum. Cephalad dissection along 
the anterolateral wall of the vena cava leads to the 
right adrenal vein, which is then divided. The supe- 
rior vasculature of the adrenal is released next, pro- 
ceeding from medial to lateral and facilitated by 
downward manual traction on the kidney. Lastly, the 
inferior attachments of the adrenal to the right kidney 
are mobilized. 

For left adrenalectomy, the colon is first reflected 
medially, and the renal hilum identified and dissected. 
The left adrenal vein is divided as it enters the left 
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Figure 17.7 Modified posterior right adrenalectomy. 
(a) Positioning and incision. (b) View of adrenal bed, 
with right adrenal vein visible, seen during this 
approach. (c) Exposure and division of right adrenal 
vein. 


renal vein. The anterior adrenal surface is then 
exposed by mobilization of the pancreas and spleen. 
The remainder of the dissection proceeds from medial 
to lateral along the superior and inferior borders of 
the gland. 
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Figure 17.8 Chevron incision for transabdominal 
adrenalectomy. While such an incision facilitates expo- 
sure of both adrenal glands and abdominal exploration 
for metastases, improved imaging has increased the 
capacity for precise preoperative localization of 
lesions. In such cases, the incision can be limited on 
the contralateral side. 


Complications of adrenal surgery 


Bleeding may be encountered during either open or 
laparoscopic adrenalectomy. When operating on the 
left adrenal, particular care should be taken to avoid 
injury to Belsey’s artery, a communicating branch 
between the left gastric and the inferior phrenic arter- 
ies. This vessel lies close to the esophageal hiatus, and 
is often accompanied by a phrenic vein.” When 
encountered, Belsey’s artery, as well as any associated 
phrenic vessels, should be ligated to prevent avulsion. 

Injury to adjacent organs may also occur during 
adrenalectomy, most commonly to the diaphragm 
and pleura. If recognized intraoperatively, the injury 
may be repaired without the need for thoracostomy 
tube placement. If such an injury occurs during open 
adrenalectomy, a red rubber catheter is placed 
through the defect, with the other end draining into a 
container of water. The defect is closed with a purse- 
string chromic suture during hyperinflation of the 
lung once no bubbles are seen exiting the water end 
of the catheter. The catheter is removed immediately 
prior to tightening the purse-string suture. Laparo- 
scopic identification and suture repair of diaphrag- 
matic injuries have also been reported.?” In any case 


of diaphragmatic injury, a chest radiograph should be 
obtained postoperatively to evaluate for pneumotho- 
rax, and a thoracostomy tube may be placed at that 
time if necessary. Other adjacent organ injuries which 
may occur during adrenalectomy include capsular 
tears of the liver or spleen, which usually can be man- 
aged with a combination of manual tamponade, 
argon beam coagulation, and hemostatic gel packing. 

Complications specific to the laparoscopic 
approach include trocar injury during placement and 
port-site hernia. Passage of trocars should be done 
under direct vision; if inadvertent organ injury is sus- 
pected, close inspection and repair should be per- 
formed. Moreover, when exchanging instruments 
during the case, they should be passed under direct 
visual guidance. With regard to postoperative port- 
site herniation, there is no consensus on the minimum 
port-site size that necessitates closure; however, the 
need for closure of smaller port sites depends on both 


the size of the child and the type of trocar used. 


Special considerations 


Neuroblastoma 


Neuroblastoma, the most common extracranial solid 
tumor of childhood, can occur anywhere within the 
sympathetic nervous system. Most often, however, 
these tumors originate within the adrenal medulla. 
The growth pattern of neuroblastoma is variable, 
ranging from sharply demarcated tumors to highly 
infiltrative lesions. The often infiltrative growth pat- 
tern of neuroblastoma has led most surgeons to 
excise these tumors via open resection, with the 
choice of a transabdominal vs retroperitoneal 
approach guided by tumor location and adjacent 
organ involvement. More recently, however, 
laparoscopy has been employed for the biopsy and 
resection of neuroblastomas.!28 Patients with 
tumors of limited size with clearly defined margins 
on preoperative imaging have undergone resection, 
whereas patients with advanced tumors have under- 
gone laparoscopic biopsy prior to chemotherapy.!?.78 
Laparoscopic adrenalectomy may be particularly 
suited for neuroblastomas identified by mass screen- 
ing programs, which have been associated with a 
more favorable biology and clinical outcome than 
clinically diagnosed tumors.?®33 Currently, the place 
for laparoscopy in the treatment of neuroblastoma 
continues to evolve, and the decision regarding treat- 
ment approach should be individualized. 
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Pheochromocytoma 


Pheochromocytoma is a rare tumor of chromaffin cell 
origin that usually arises in the adrenal medulla. 
Approximately 10% of cases of pheochromocytoma 
occur in children, and the presentation of these 
tumors in the pediatric age group may be similar to 
that in adults.*4 Pheochromocytomas are character- 
ized by catecholamine production; as such, the clini- 
cal manifestations of these tumors result from the 
physiologic effects of catecholamine excess. 

Close cooperation of the pediatric urology, medi- 
cine, and anesthesiology teams is required in the man- 
agement of patients with a pheochromocytoma. 
Patients are typically treated preoperatively with 
alpha-blockade (phenoxybenzamine) to control their 
blood pressure. Beta-blockers may be added to alpha- 
blockers to prevent arrhythmias, but beta-blockade 
administered without prior alpha-blockade may cause 
a significant increase in peripheral vascular resistance 
due to unopposed alpha activity.!> In addition, many 
patients have decreased intravascular volume, and 
therefore intravenous fluids are aggressively adminis- 
tered in the perioperative period to expand plasma 
volume and minimize intraoperative and postopera- 
tive hypotension.*4 

The central tenet of adrenal surgery — removing the 
patient from the adrenal without manipulation of the 
gland — is essential during pheochromocytoma exci- 
sion. Severe intraoperative hemodynamic instability 
from catecholamine release may occur if the adrenal is 
manipulated. An additional key principle of adrena- 
lectomy for pheochromocytoma is early control and 
division of the main adrenal vein, in order to prevent 
the systemic release of catecholamines during dissec- 
tion of the gland. Given the potential for blood pres- 
sure fluctuation which may occur after ligation of the 
adrenal vein, the anesthesiologist should be notified at 
the time of the vein’s division, and should be prepared 
with intravenous fluids and vasopressors if needed. 

As for the choice of surgical approach to pheochro- 
mocytomas, laparoscopic adrenalectomy has been 
reported as a safe and effective option in select 
patients.*° The presence of multiple sites of disease 
and the suspicion of lymph node involvement are 
indications for open removal, which in such cases 
should be performed through a transabdominal 
approach.!* For patients with bilateral adrenal lesions, 
partial adrenalectomy has been reported in an effort 
to preserve steroid synthesis and thereby avoid the 
need for lifetime glucocorticoid replacement ther- 
apy.°637 However, recurrence has been reported in 


up to 20-33% of patients undergoing partial adrena- 
lectomy, and therefore close follow-up of these 
patients is recommended.*® 


Congenital adrenal hyperplasia 


Hugh Hampton Young first reported adrenalectomy 
as a treatment for CAH in the 1930s.! With the 
development of synthetic adrenal steroids, however, 
the management of these patients has become almost 
exclusively medical (apart from genital reconstructive 
surgery). For most patients, the dosage of exogenous 
steroids needed to retard adrenal androgen produc- 
tion does not result in severe hypercortisolism with its 
associated sequela. However, in some patients, sup- 
pression of adrenocorticotropic hormone (ACTH) is 
difficult, requiring large doses of exogenous steroids, 
which may cause obesity, hirsutism, acne, and other 
cushingoid features. In women, hypercortisolism may 
in addition result in menstrual irregularities, signifi- 
cant bone loss, and infertility.#? 

Van Wyk et al revisited the concept of adrenalec- 
tomy as a treatment for CAH patients who were dif- 
ficult to manage on medical therapy.#? In a study of 
18 patients who underwent bilateral adrenalectomy 
for treatment of CAH and were followed an average 
of 59 months, virtually all patients had a significant 
decrease in androgen excess.#! A separate investiga- 
tion reported two women with CAH who had been 
infertile and oligomenorrheic who then experienced 
successful pregnancies following bilateral adrenalec- 
tomy.”? In addition, although the majority of studies 
on adrenalectomy as a treatment for CAH have 
involved patients with 21-hydroxylase deficiency, 
patients with 11B-hydroxylase deficiency, who are 
prone to develop hypertension as part of their disease 
process, have been treated with bilateral adrenalec- 
tomy as well, with a subsequent improvement in 
blood pressure.40-4346 

Lastly, whereas the 
employed adrenalectomy as a treatment for CAH 
patients, the role of prophylactic adrenalectomy has 
been explored for patients with CAH as well.*? Until 
longer-term data are available, however, prophylactic 
adrenalectomy is still considered experimental. 


aforementioned studies 


Key points 


1. Adrenalectomy may be performed in the pediatric 
patient population using any of a variety of laparo- 
scopic and open techniques; the optimal approach 
for a particular patient should be individualized 
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based on the size of the tumor, the pathology of 
the adrenal, the age and body habitus of the 


patient, and the experience of the surgeon. 


. Adrenalectomy should be performed with minimal 


manipulation of the gland itself; essentially, the 
patient should be removed from the adrenal. 


. During transperitoneal laparoscopic adrenalec- 


tomy, the lateral attachments of the gland are 
released last; these attachments are left intact to 
hold the adrenal in place for the remainder of the 
dissection. 


. Preoperative blood pressure control with alpha- 


blockade, perioperative intravenous hydration, and 
early ligation of the adrenal vein during surgical 
excision are keys to the management of adrenal 
pheochromocytoma. 


. Adrenalectomy may be a treatment alternative for 


patients with severe congenital adrenal hyperplasia 
who experience the sequela of iatrogenic hypercor- 
tisolism. 
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Introduction 


An attempt to define the term ‘translational’ com- 
pared it to deciphering a foreign language in that, 
‘getting the word right is relatively easy but getting 
the meaning of the word is much more difficult’.! The 
process of translating basic science research to 
improvements in clinical patient care has revolution- 
ized the way medicine is practiced in the late 20th 
century and early 21st century. One example is in the 
area of renal transplantation. While the refinement of 
surgical technique has contributed to the overall suc- 
cess of the transplant, it is the monumental advances 
in immunobiology that have ultimately improved 


Renal deterioration 


0 >A 


long-term outcome of the allograft. These transla- 
tional efforts have led to the development of 
immunosuppressive drugs capable of preventing allo- 
graft rejection in the patient. Just as this type of 
research has contributed to the success of renal trans- 
plantation, pediatric urologists and nephrologists are 
faced with the issue of finding ways to prevent certain 
anomalies in their patients which ultimately lead to 
renal failure and the need for transplantation. 

In order to address this issue, clinicians must first 
have a general understanding of normal and abnormal 
molecular renal development. Secondly, while urinary 
obstruction, untreated neurogenic bladders, and vesi- 
coureteral reflux (VUR) are just a few known disease 


*Critical point — above 
which dialysis/renal 
transplantation 


*Critical point — below 


> which there is minimal 


loss of renal function 


Conservative ———--_________—————> Surgical 


Treatment 


Point A 


Ideal goal — no loss of rental function with minimal treatment 


Points B-F Mild to severe loss of renal function despite varying degrees of treatment 


Point G 


Worst case — complete loss of renal function despite maximal treatment 


Figure 18.1 Current technology generally allows clinicians to be within the pale blue and mid blue zone (points B-F). 
Despite maximal intervention, however, some patients progress to the dark blue zone (point G). Although point 
A may never be a possibility, the goals of current and future research on prognosticators of progressive renal injury 


should aim to keep all patients within the mid blue zone. 


272 Clinical pediatric urology 


processes that can lead to progressive renal damage, 
current research is focusing on ways to detect at-risk 
individuals in whom early intervention is beneficial. 
Understanding the pathophysiology of nephropathy 
at the cellular level can provide potential markers that 
could possibly alert the caregiver to a particular prob- 
lem before renal damage occurs (Figure 18.1). Unfor- 
tunately, despite our best efforts, some children will 
continue to develop renal failure, necessitating renal 
replacement therapy, and better alternatives such as 
xenotransplantation and tissue engineering of new 
organs need to be actively pursued. 

This chapter briefly reviews the developmental 
biology of the kidney to highlight some of the more 
important regulatory factors involved in nephrogene- 
sis. The pathophysiology of congenital obstructive 
nephropathy is used as an example to illustrate one 
congenital anomaly whose ultimate aberrant molecu- 
lar events can lead to end-stage renal disease. More 
importantly, we focus on recent laboratory efforts 
which have elucidated numerous potential markers at 
the cellular level that play a role in the process of renal 
deterioration following insult to the developing 
kidney. Theoretic therapeutic options which act to 
inhibit or slow these damaging mechanisms as well as 
potential alternatives to present renal replacement 
therapy, namely tissue engineering and stem cell 
research, are also reviewed. 


Molecular development of the kidney 


As the embryology of the kidney is addressed in 
Chapter 19, this section focuses on the numerous 
molecular signals that result in normal renal develop- 
ment. Formation of the kidney is a culmination of 
reciprocal inductive signals that occur between the 
ureteral bud and metanephric blastema. The ureteral 
bud develops from the wolffian duct and the 
mesonephric mesenchyme arises from intermediate 
mesoderm located in the caudal portion of the 
nephrogenic cord. Once these structures interact, the 
nephrons develop from mesenchymal transformation 
and the collecting system is formed from ureteral bud 
outgrowth and subsequent branching. 

Since 1993, almost 400 genes have been implicated 
in renal development and exist in the Kidney 
Development Database  (http://golgi.ana.ed.ac.uk/ 
kidhome.html).27 Many of the major events in early 
renal development are controlled by highly conserved 
genes that regulate eye development in Drosophila. The 
use of transgenic mice has also generated much data 


concerning nephrogenesis demonstrating that manipu- 
lation of a specific gene can result in phenotypes con- 
sistent with human congenital anomalies of the kidney 
and urinary tract (CAKUT). Mesenchymal-epithelial 
transition (MET) is a crucial process in the early renal 
development of the definitive metanephros. One of the 
most important regulators of this early step is a tran- 
scription factor known as Pax-2. Mice homozygous for 
the Pax-2 null mutation lack ureters, kidneys, and gen- 
ital tracts, whereas heterozygous mice often form 
hypoplastic kidneys. Also, these animals lack expres- 
sion of c-ret, an important tyrosine kinase receptor 
expressed on the tips of the ureteral bud.56 The c-ret 
receptor binds  ghial-cell-line-derived neurotrophic 
factor (GDNF), which is secreted from the developing 
mesenchyme. Ureteral buds in mice lacking c-ret 
expression fail to branch, whereas loss of GDNF results 
in failure of ureteric bud outgrowth and secondary 
apoptosis of the metanephric mesenchyme. Both 
events lead to renal agenesis.”8 A similar phenotype is 
seen in mice with gene mutations encoding transcrip- 
tion factors that regulate GDNF expression, namely 
Pax-2 and Eya-1.9)!° Eya-1 (eyes absent)-deficient mice 
lack expression of GDNF and exhibit absence of 
ureteric bud outgrowth and ensuing renal agenesis. 
MET within the mesonephric mesenchyme occurs 
only following proper inductive signals from the 
invading ureteric bud. Once induction occurs, 
metanephric mesenchyme condenses at the tips of the 
branching bud to form mesenchymal aggregates. 
These aggregates epithelialize and undergo a mor- 
phogenetic sequence involving their transformation 
into nephrogenic tissue elements (termed renal vesi- 
cle, comma-shaped bodies, and S-shaped bodies) that 
fuse with adjacent ureteric bud branch tips and form 
primordial nephrons.? As condensation occurs, 
induced metanephric mesenchyme expresses Wnt-4, 
encoding a secreted glycoprotein, which promotes 
MET through an autocrine activation mechanism. 
Mice lacking Wnt-4 fail to undergo epithelialization 
of metanephric mesenchyme and do not form 
nephrons.!!!2 Nephron maturation is also regulated 
by Bmp-7, a growth factor that is part of the trans- 
forming growth factor-B (TGF-B) superfamily of sig- 
naling molecules. Bmp-7 appears to operate 
downstream of other factors such as WT-1, Pax-2, 
and Wnt-4 and, like Pax-2, is expressed by both the 
mesenchyme and ureteral bud. Homozygous mice 
with a mutation of Bmp-7 have dysplastic kidneys that 
appear arrested in development. Whereas meta- 
nephric mesenchymal induction occurs in Bmp-7-/- 
mice, uninduced mesenchyme undergoes apoptosis, 
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Table 18.1 Genes involved in kidney development and the defect caused in mice lacking expression of the 


involved gene 


Gene 
WT-72 
PAX-22 
WNT-4? 


GDNF? 
RET? 


APC 
AT-1 


AT-2 
BCL-2 
BF-2 
BMP-4 
BMP-7 
EMX-2 
EYA-1 
FGF-2 
GDNFR- a 
IGF-II 
KAL-1 
Id 


LIF-1 


LIM-1 
PDGF-ß 
PKD-1 
PKD-2 


RAR 
SHH 


VHL 


WNT-11 


Function 


Presence necessary for ureteral bud formation, 
precedes PAX2 and WNT-4 expression 
Mesenchymal-epithelial conversion, expressed 
in ureteral bud, so probably has role 
Morphogenesis of pretubular and tubular 
structures; mesenchymal-epithelial conversion 
Ureteral bud formation; branching 

Receptor for GNDF—GDNFR-« complex, ureteral 
bud formation, and branching 

Its protein product destabilizes B-catenin 
Maturation of glomerular vessels, formation of 
renal pelvis 

Mesenchymal cell apoptotic agent, has role in 
ureteral bud development 

Prevents pre-epithelial, epithelial cell apoptosis 
Present in mesenchymal cells that become 
stromal cells, persists in stromal cells, ureteral 
elongation, epithelial cell polarity 


Inhibits Wnt-11 activity, prevents ectopic ureteral 


bud formation, lengthens stalk of branches 
Prevents pre-epithelial cell apoptosis 
Ureteral bud branching, possible ureteral bud 
inducer of metanephric Wnt-4 expression, 
prevents pre-epithelial cell apoptosis 

May be inducer of GDNF expression and 
up-regulator of BCL-2 

Possible role in ureteral bud induction of 
mesenchymal-epithelial transformation 
Auxillary receptor GDNF-a, ureteral bud 
formation; branching 

Its protein product inhibits mesenchymal cell 
apoptosis 

Specific role not known 


Ureteral bud formation 


Activates STAT-3, possible requirement for 
epithelial tubulogenesis, may stimulate Wnt-4 
expression 

Not known but likely has role in 
mesenchymal-epithelial conversion 
Mesangial cell formation 

Protein product is polycystin-1, tubule 
morphogenesis, participates in cell-to-cell, and 
cell-to-extracellular adhesion bonds 

Protein product is polycystin-2, translocates 
polycystin-1 to cell membrane 

Likely inducer of Hox activity 

May have role in ureteral bud induction of 
metanephric development 

Strengthens destabilizing bonds of glycogen 
synthase kinase-3, adenosine polyposis coli 
with B-catenin 

Ureteral bud branching 


Homozygous loss in mice (-/-)> 


Renal agenesis, absent ureteral bud formation 


PAX-2-- equals renal agenesis, absent ureteral 
bud formation; PAX-2+- equals renal hypoplasia 
Small dysplastic kidneys 


Renal agenesis, absent ureteral bud formation 
Renal agenesis or tiny dysplastic kidneys 


In humans, mutations cause colon cancer 
Absent renal pelves, immature glomeruli 


Congenital anomalies of kidneys and urinary 
tract 

Renal agenesis, widespread apoptosis 

Short ureter, hypoplastic kidneys, incomplete 
rotation, renal fusion 


BMP-4*'- equals congenital anomalies of 
kidneys and urinary tract 

Renal dysplasia 

Renal agenesis, ureteral bud degeneration 
Renal agenesis, absent ureteral bud formation 
No published examples found 

Renal agenesis 

No published examples found 

In humans, mutation is associated with 
unilateral, bilateral renal agenesis 

Renal agenesis or dysplasia, absent ureteral 
bud formation or penetration 

No published examples found 

Some have bilateral renal agenesis 

Absent mesangial cells 

Autosomal dominant polycystic kidney 
disease 


No published examples found 


Renal agenesis or dysplasia 
Hypoplastic kidneys, defective branching 


In humans, mutation causes von 
Hippel—Lindau disease 


No defects 


a These genes may be focused on but relative perceived importance of genes may change with time. Other genes are listed 
in alphabetical order. Some genes are not included in list and others have not yet been identified. 

b Significance of each gene implied by the major defect that its absence causes. 

Reproduced with permission from Glassberg.2 
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Table 18.2 Genetic disorders for human congenital anomalies of the kidney and urinary tract (CAKUT) 


Gene (chromosome) Gene product/function 


Clinical syndrome 


Phenotypes/symptom 


PAX-2 (10q24-25) Transcription factor 


Renal-coloboma 


Renal hypoplasia, solitary 


syndrome kidney, vesicoureteric reflux, optic 
nerve colobomas hearing loss 
KAL (Xp22.3) Anosmin1 protein Kallmann Hypogonadotropic hypogonadism, 
functioning in neuronal syndrome anosmia, pes cavus, mirror 
migration and axonal movements of the hands, high 
targeting arched palate, carebellar ataxia, renal 
agenesis/aplasia. Potter sequence. 
duplex systems, vesicoureteric reflux, 
lack the vas deferens 
EYAT (8q13.3) Organogenesis Branchio-oto-renal Branchial cysts or fistulae, external 


syndrome 


AGTR2 (Xq22-23) Angiotensin II receptor 


type 2 
HNF-1B 
(17cen-q21.3) 


Hepatocyte nuclear 
factor-1B, organogenesis 


Maturity-onset 
diabetes of the 
young 


ear malformation, preauricular pits, 
hearing loss cataracts, ocular anterior 
segment anomalies, unilateral renal 
agenesis with contralateral 
hypodysplasia, bilateral hypodysplasia, 
bilateral renal agenasis, ureteropelvic 
junction obstruction, vesicoureteral 
reflux, bifid kidneys 


Common CAKUT 


Young-onset non-insulin-dependent 
diabetes mellitus, renal cysts, 
hypoplastic glomerulocystic kidney 
disease, cystic renal dysplasia, solitary 
kidney, Mullerian anomalies 


Reproduced with permission from Nakanishi and Yoshikawa.'” 


suggesting that Bmp-7 may function as a mesenchy- 
mal survival factor.® 

Apoptosis plays a major role in the kidney achiev- 
ing its characteristic reniform shape. As certain areas 
of the undifferentiated mesenchyme are destined to 
become crucial parts of the kidney, other cells 
undergo apoptosis. The renin—angiotensin system 
(RAS) plays a role in this process, mainly through the 
up-regulation of the angiotensin types 1 and 2 recep- 
tors (AT1 and AT2). The ligand for these receptors is 
angiotensin I, formed from the cleavage of 
angiotensin I by angiotensin-converting enzyme 
(ACE). Although AT1 receptors modulate renal vas- 
cular development and are found in more differenti- 
ated tissues of the kidney, AT2 receptors are 
expressed by undifferentiated mesenchyme (UMC).!8 
Mice with a null mutation of the AT2 receptor display 
similar phenotypes to human CAKUT, including 


VUR, ureteropelvic junction obstruction, and dupli- 
cated collecting systems. 1415 
studies show that angiotensin II promotes apoptosis 
of the UMC surrounding the developing urinary 
tract.!© These studies suggest that mutations in AT2 
can lead to untimely apoptosis of the UMC, poten- 
tially hindering not only the growth of the bud 
towards the mesenchyme but also the diffusion of sig- 
nals between these structures. Thus, the bud may 
develop from an ectopic location from the wolffian 
duct and lead to VUR or renal hypo/dysplasia.!* 
Numerous other factors and genes are involved in 
renal development; however, this is beyond the scope 
of this section of the chapter. Table 18.1 shows other 
important genes involved in nephrogenesis. Some of 
the aforementioned genes, as well as others, are 
involved in more common syndromes seen clinically, 
which are listed in Table 18.2.17 


In-vitro and in-vivo 
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Congenital obstructive nephropathy 


Congenital obstructive nephropathy is but one of 
many developmental aberrations that occur in the 
kidney/urinary tract which can lead to renal injury 
and, potentially, renal failure. Ideally, the embry- 
ologic process of urinary tract development could 
ultimately be controlled so that these anomalies do 
not occur. Short of accomplishing this feat, it is criti- 
cal to know which patients are at risk for renal injury 
and/or failure. If these patients could be identified 
early, it would theoretically be possible to slow or 
prevent altogether this deterioration in renal function. 
Currently, there is significant controversy regarding 
the management of individuals with significant 
hydronephrosis based on the fact that hydronephrosis 
is not synonymous with obstruction.!® Both non- 
operative and early operative approaches have been 
advocated for 
hydronephrosis.!??° Based on a more thorough 
understanding of the pathophysiology of renal fibro- 
sis, the potential use of ‘biomarkers’ may help to 
lessen this controversy. Biomarkers are defined as:?1 


infants with severe unilateral 


‘a characteristic that is objectively measured and 
evaluated as an indicator of normal biological 
processes, pathological processes, or pharmaco- 
logic responses to a therapeutic intervention’. 


Biomarkers for congenital obstructive nephropathy 
include anatomic details of the kidney gained through 
the use of imaging techniques, radionuclide scans to 
determine renal function, and microscopic analysis of 
biopsy specimens following obstruction.2! The chal- 
lenge faced by clinicians is learning how to use the 
information gained from these markers to direct 
appropriate care, such as timing of surgical interven- 
tion, medical treatment (i.e. administration of ACE 
inhibitors), etc. 

Inconsistencies in the completion of nephrogenesis 
in various animal models have made it difficult to cor- 
relate postobstructive findings with those that occur 
in human obstructive nephropathy. Despite this 
shortcoming, animal models have contributed greatly 
to our understanding of fetal renal disease. These 
models consist of animals with spontaneous muta- 
tions or gene deletions (knockout), resulting in the 
desired phenotype as well as surgically induced 
models of renal obstruction.?? There is a broad spec- 
trum of severity of obstruction in the human, and 
occult renal damage at the cellular level probably 
occurs prior to the development of hydronephrosis. 
Perhaps the most accurate model to demonstrate this 


is the neonatal rat, as only 10% of its nephrons are 
formed at birth while the rest develop during the first 
week of life.?? Thornhill et al subjected the neonatal 
rat to partial unilateral ureteral obstruction (UUO).*4 
In this study, a 70-75% reduction in ureteral lumen 
resulted in a 60% reduction in renal growth and the 
number of glomeruli decreased by 50%. Also, tubular 
atrophy and interstitial fibrosis correlated with tubu- 
lar apoptosis and developed prior to renal pelvic dila- 
tion. Finally, persistent moderate partial UUO led to 
a marked decrease in ipsilateral glomerular filtration 
rate (GFR) and proteinuria before impairment of 
renal growth.” These findings carry extremely impor- 
tant clinical implications, as currently no diagnostic 
test exists that allows one to reliably predict whether 
a hydronephrotic kidney is at risk for progressive 
renal injury at the cellular level. 

Following the tireless efforts of numerous investi- 
gators, we now have a better understanding of normal 
renal development along with the different mecha- 
nisms of renal damage following obstruction. Normal 
nephrogenesis includes increasing the number of 
nephrons and maturation of the renal vasculature, 
glomeruli, tubules, and interstitium. This complex 
process involves the RAS and a balance between cel- 
lular proliferation and programmed cell death (apop- 
tosis).2°° Significant obstruction can lead to 
impaired renal growth resulting from tubular dilation 
and apoptosis, tubular atrophy, inflammatory infiltra- 
tion of the interstitium, and unchecked accumulation 
of the extracellular matrix, all culminating in renal 
fibrosis and glomerulosclerosis.?!27,78 

The following section will outline important medi- 
ators in fibrotic renal disease by briefly discussing 
their actions at the cellular level. Since other condi- 
tions seen clinically in pediatric urology can also result 
in renal fibrosis, these mediators can potentially be 
used as prognostic indicators of renal damage and be 
universally applied to multiple disease processes. 
Finally, once the role of these markers is understood, 
potential therapeutic options based on the activation 
or inhibition of their actions will be discussed. 


Transforming growth factor-f, 


TGF-B, is a regulatory cytokine that is up-regulated in 
response to tissue injury and can act synergistically with 
other growth factors to either inhibit or stimulate extra- 
cellular matrix (ECM) deposition by recruiting fibrob- 
lasts.?? Overaccumulation of ECM proteins, including 
fibronectin, collagen, and proteoglycans, as well as 
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blocking matrix degradation by stimulating the action 
of protease inhibitors, results in fibrosis.?™31 Tissue 
and urinary TGF-B, has been shown to be increased 
in both animal and human models following urinary 
tract obstruction.3%33 TGEF-B exists as three isoforms 
(B,,B,, and B3) all capable of inducing fibrogenic effects 
on the obstructed kidney.*4 The main isoform is TGF- 
B, and, using immunohistochemistry in kidneys sub- 
jected to UUO, this cytokine has been localized to the 
renal tubules in the cortex and outer medulla as well 
as to infiltrating macrophages in the interstitium.** 

The complexity of TGF-B signaling is beyond the 
scope of this chapter, but, initially, TGF-B binds the 
type II serine/threonine kinase receptor, which then 
recruits and phosphorylates the type I receptor, 
resulting in its activation. This receptor complex can 
then activate multiple signaling pathways, including 
RhoA, p38  mitogen-activated protein kinase 
(MAPK), phosphatidylinositol 3-kinase (PI3K), and 
the Smad pathway.*°?8 Downstream phosphoryla- 
tion of Smad-2 results in the nuclear translocation of 
Smads 2, 3, and 4 protein complexes.3?40 Smad 3 has 
been implicated in the fibrotic process through the 
activation of collagen promoters, down-regulation of 
matrix-degrading enzymes, and up-regulation of 
matrix metalloproteinase (MMP) inhibitors.4° TGF- 
B, also drives epithelial-mesenchymal transition 
(EMT), which is characterized by tubular epithelial 
cell migration into the interstitium, where epithelial 
cells are transformed into mesenchymal, myofibro- 
blast-type cells. Renal tubular cells express fibroblast- 
specific protein-1 (FSP-1), which can be induced by 
TGF-B, released by infiltrating macrophages or 
fibroblasts during renal injury. This activation allows 
certain epithelial cells to acquire mesenchymal migra- 
tory capacity and escape into the interstitium, where 
they facilitate deposition of interstitial ECM.41=43 

TGEF-B, and its signaling pathways are major con- 
tributors to renal fibrosis following renal injury, and 
any of the numerous factors involved have the poten- 
tial to serve as important biomarkers for subclinical 
renal injury following obstruction. If patients at risk 
for progressive renal fibrosis can be identified, then 
hopefully intervention can take place to slow, stop, or 
potentially reverse the fibrotic process. 


The renin—angiotensin system 


In addition to TGF-B,, the RAS has also been impli- 
cated in the pathophysiology of renal fibrosis follow- 
ing obstruction. Along with regulation of renal 


growth, investigators have shown that the RAS plays 
a major role in the early response of a neonatal kidney 
following obstruction and that reduced growth was 
secondary to decreased cellular proliferation and 
increased apoptosis.4+45 Consistent with this early 
activation of the RAS in the neonatal kidney, there is 
a prompt and marked increase in ipsilateral renin 
mRNA following unilateral UUO with contralateral 
suppression of renin in the neonatal rat as compared 
to adult rats. Persistence of an immature microvascu- 
lar renin distribution, presence of o-smooth muscle 
actin (o-SMA) in the peritubular capillaries, and 
decreased total DNA content in the obstructed 
neonatal kidney all confirm the deleterious effects of 
developing kidney.4647 
Angiotensin I directly increases the production of 
TGEF-B and can induce fibrosis via a TGF-$-depen- 
dent or -independent mechanism through direct acti- 
vation of plasminogen activator-1 (PAI-1).48-54 
PAI-1 promotes fibrosis by preventing the break- 
down of plasminogen to plasmin (Figure 18.2).5° 

In-vitro studies of oxidative stress on rat proximal 
tubular cells illustrate the role of angiotensin I in the 
promotion of cellular apoptosis. This is primarily 
mediated via the induction of TGF-B and generation 
of reactive oxygen species (ROS).°> The RAS pro- 
motes normal renal development but in cases of 
obstructive uropathy can promote fibrosis and accen- 
tuate renal injury through a variety of mechanisms. 
Consequently, therapies directed at inhibition of the 
RAS carry much promise in attenuating renal damage 
secondary to urinary tract obstruction. 


obstruction in the 


Apoptosis 


Following chronic ureteral obstruction, tubular and 
interstitial cells undergo programmed cell death, or 
apoptosis, which leads to renal tissue loss.5657 Once the 
inductive signal for apoptosis occurs, this leads to the 
recruitment and activation of cytosolic enzymes called 
caspases (cysteinyl aspartate-specific proteinases). 
Using a mouse model of UUO, investigators showed a 
progressive increase in the activation of these caspases, 
namely caspase-3, as compared with sham-operated 
animals.>7 Apoptosis of both tubular and interstitial 
cells paralleled this increase in caspase expression. 
Many signals, including growth factors, cytokines, 
ROS, and angiotensin I, are able to initiate apopto- 
sis. A neutralizing antibody to TGF-f ameliorated 
tubular apoptosis following UUO in the rat, whereas 
administration of enalapril, an ACE inhibitor, pro- 
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Figure 18.2 Summary of the roles played by the renin—angiotensin system, TGF-B, and TGF-B-downstream signal 
mediators in tissue fibrosis. ANG 1, ANG Il, angiotensin | and Il; ATI, AT2, angiotensin type 1 and 2 receptors; R- 
Smad, receptor-activated Smad; ECM, extracellular matrix; PAls, plasminogen activator inhibitors; MMPs, matrix 
metalloproteinases; UPAs, urokinase-type plasminogen activators. 


vided partial protection against tubular cell apopto- 
sis.°° Nuclear factor-kB (NF-«B) is an inducible tran- 
scription factor that upon translocation to the nucleus 
can induce the transcription of various genes, includ- 
ing bcl-2 family members, angiotensinogen, and 
proinflammatory mediators such as tumor necrosis 
factor-a (TNF-a).5? Angiotensin II and TNF-a can 
stimulate further activation of NF-«B, reinforcing a 
positive feedback loop.*! Increased vascular resistance 
following UUO causes transient ischemia and 
increased release of angiotensin II. Once obstruction 
is relieved, ischemia/reperfusion injury may result sec- 
ondary to increased release of ROS such as hydrogen 
peroxide (H,O,). Following UUO in mice lacking 
catalase, an enzyme capable of neutralizing H,O,, 
there was in increase in tubular epithelial cell apopto- 
sis and interstitial fibrosis as compared to wild-type 
mice.60-61 

Finally, recent evidence has linked nitric oxide 
(NO) as a possible protector against apoptosis. NO is 
produced by inducible nitric oxide synthase (INOS), 


which is spontaneously expressed in the kidney. 


Using knockout mice lacking iNOS, investigators 
showed increased tubular cell apoptosis. From a 
clinical standpoint, iNOS activity has also been shown 
to be elevated in children with ureteropelvic junction 
(UPJ) obstruction, presumably induced by inflamma- 
tory cytokines such as TNF-a and monocyte 
chemoattractant protein-1 (MCP-1); the latter was 
also found in the urine of children with UPJ obstruc- 
tion.6364 Further studies are needed, however, to 
evaluate NO as a prognostic indicator of recoverabil- 
ity of renal function following urinary obstruction.° 

The above processes were meant to highlight dif- 
ferent signals and processes involved in progressive 
renal damage following obstruction. By no means is 
this an exhaustive description, as many other mecha- 
nisms have been implicated. Although presented sep- 
arately, it is important to remember that these 
processes occur simultaneously and that induction of 
one process may be dependent on another. This may 
have a therapeutic benefit, as inhibiting one signal or 
process can have the advantageous and additive effect 
of attenuating another. 
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Treatment options 


Renal fibrosis and atrophy secondary to various dis- 
eases are complex processes that have become more 
understandable in the last 10 years through the work 
of numerous investigators. Defining and detecting 
this process earlier may allow us to manipulate and 
possibly prevent renal damage by inhibiting a specific 
growth factor, cytokine, or blocking an entire path- 
way by interfering with upstream or downstream 
mediators. As previously discussed, TGF-B plays 
a major role in renal fibrosis following obstruction. 
Potential treatment options include TGEF-B neutraliz- 
ing antibodies, antisense oligonucleotides, and block- 
ade with a naturally occurring proteoglycan called 
decorin, all of which have limited ECM accumulation 
in vivo and in vitro.5°.67,68 Targeting the RAS with 
ACE inhibition and AT1 blockade results in impaired 
fibroblast proliferation, decreased myofibroblastic dif- 
ferentiation, and lowering of both TGEF-f levels and 
NE-«B isotype activation. Of note, ACE inhibition 
also attenuated monocyte/macrophage infiltra- 
tion.” NF-KB is responsible for the up-regulation 
of various cytokines, inflammatory mediators, and 
intercellular adhesion molecules such as ICAM-1. 
Inhibition of NF-«B in rat kidneys subjected to UUO 
using an activation inhibitor called dehydroxy- 
methylepoxyquinomicin (DHMEQ) showed less 
interstitial fibrosis and volume as compared to 
obstructed controls.” Smad 3-deficient mice under- 
going UUO showed decreased scar formation, less œ- 
SMA staining in the interstitial fibroblasts, and 
decreased deposition of both collagen I and II.” 
Using a nephrotoxic nephritis model in the rat, treat- 
ment with a pan-caspase inhibitor decreased apopto- 
sis, tubulointerstitial inflammation, and mRNA levels 
of collagen I, II, and IV.” Finally, because the role 
of MCP-1 has been firmly established as a profibrotic 
modulator, blocking its receptor CCR2 also 
decreased fibrosis following UUO in a mouse 
model.”* 

Epidermal growth factor (EGF) is also an impor- 
tant peptide whose manipulation has potential thera- 
peutic ramifications following UUO.” EGF is 
produced by the ascending loop of Henle and distal 
convoluted tubule and modulates epithelial cell 
growth and metabolism, and plays a role in renal 
repair following injury.°+76 EGF is decreased in the 
urine of children with congenital UPJ obstruction, 
whereas levels of MCP-] are increased.“ Following 5 
days of UUO in the neonatal rat, the number of 
nephrons was decreased despite administration of 


exogenous EGF. However, tubular vimentin was 
decreased by one-third and, more importantly, tubu- 
lar atrophy was reduced by 58% at 1 month follow- 
ing relief of UUO, an effect not seen in control 
animals.”” Thus, administration of exogenous EGF 
could potentially slow the deleterious effects of 
obstruction on the maturing kidney. 


Advances in renal replacement therapy 


Despite our best efforts, some children will still 
progress to renal failure secondary to various causes, 
including obstructive uropathy. Renal transplantation 
continues to be limited by an organ donation short- 
age as well as the effects of organ rejection and the 
need for multiple organ transplants. Numerous scien- 
tific advances in the fields of tissue engineering and 
stem cell research have given these patients hope that 
options other than organ transplantation may be 
available in their lifetimes. Unfortunately, kidney 
reconstitution is difficult because in addition to 
excreting urine, there are many metabolic and 
endocrine functions of the kidney that maintain body 
homeostasis.” In contrast to pluripotent embryonic 
stem cells (EC), organ-specific stem cells have the 
potential to produce lineage-restricted cell types.7? In- 
vitro experiments have shown that differentiated cell 
types in the adult kidney arise from two embryologic 
sources, namely the ureteric bud and metanephric 
mesenchyme.®° Hammerman stated:®! 


‘in order for glomerular filtration, reabsorption, 
and secretion of fluid and electrolytes to take 
place in a manner that will sustain life, the 
nephrons must be integrated in three dimen- 
sions with one another and with a collecting 
system and that vascularization must occur in a 
unique organ-specific manner from endothelial 
precursors that may originate from both inside 
and outside the developing renal anlage’. 


Initial studies confirmed that implantation of devel- 
oping nephrons into the cortex of newborn mice 
resulted in differentiation and growth of the donor 
nephrons. Incorporation of these nephrons, however, 
into the host collecting system was not seen.8?83 
Studies have also shown that human fetal kidney 
tissue grafted under the renal capsule of immunodefi- 
cient rodents evoked a lower immune response com- 
pared with grafting adult renal tissue.84 In addition, 
the fetal kidney has the potential not only to incorpo- 
rate growing vessels from the developing abdominal 
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aorta, but also to attract its own vasculature in situ, 
which is important in terms of maintaining viability 
during transplantation.®° Transplantation of a devel- 
oping embryonic rat kidney into the omentum of an 
immunocompetent rat following unilateral nephrec- 
tomy resulted in increased renal growth, maturation 
of tubules and glomeruli, and incorporation of host 
blood supply from the superior mesenteric artery.86 
More importantly, survival in an anephric rat was 
prolonged to 7 days by this transplanted kidney.87-88 
Based on the above examples, there has clearly been a 
tremendous effort by investigators into research on 
organ replacement and regeneration. Ongoing 
research is needed in these areas as they may one day 
represent viable alternatives to renal transplantation in 
humans. 

Finally, in an attempt to find a more physiologic, 
yet still extracorporeal alternative to dialysis, Humes 
et al developed an artificial kidney that maintained the 
metabolic, endocrinologic, and filtration demands in 
acutely uremic dogs.8® This kidney consists of a syn- 
thetic hemofiltration cartridge with a renal tubule cell- 
assist device (RAD) in which human renal tubule cells 
have been grown to confluence along the inner sur- 
face of the hollow fibers.8*-8° A recent phase I/II Food 
and Drug Administration (FDA)-approved trial using 
this device in intensive care unit (ICU) patients with 
acute renal failure showed that this experimental ther- 
apy could be delivered safely for up to 24 hours.®? 


Conclusion 


Prevention of nephropathy will continue to be a 
major focus of pediatric urology clinicians and 
researchers. The goal of this chapter was to identify 
and discuss general areas of importance where 
research of multiple types can make a clinical impact. 
However, the information given is only a snapshot of 
selected research contributions and in no way repre- 
sents the vast and continuous efforts by other investi- 
gators in the field. The potential of molecular 
biomarkers to serve as prognostic indicators of cellu- 
lar damage is at the forefront of renal research. As 
technology diversifies, new research opportunities 
will also continue to materialize. These may include 
the use of genetically engineered animal models, tar- 
geted gene therapies, or improved surgical procedures 
with miniaturized instrumentation or the use of 
robotic assistance. 

Although currently we cannot prevent renal failure, 
research in the laboratory has given us valuable 


insight into normal and abnormal renal development, 
mechanisms underlying renal damage, and new ways 
to administer renal replacement therapy. Open com- 
munication between clinicians and researchers as well 
as the increased training of physician-scientists will 
help fuel future research possibilities. In the end, what 
is learned in the laboratory will continue to be trans- 
lated into a better quality of life for our patients. 
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Renal vasculature 


The primitive vasculature is forming during the first 3 
gestational weeks. Angioblasts form from mesenchy- 
mal cells that separate from the primary trophoblast at 
the same time as other mesoderm is forming. These 
angioblasts appear in the body stalk and form isolated 
vascular spaces or blood islands which become lined 
with endothelium.! Growth and union of these iso- 
lated spaces form plexi, which eventually unite to 
form a system of closed vessels. Mesenchyme laid 
down around the endothelium forms the intima, 
media, and adventitia of the vessels. Once this system 
of closed vessels is in place, any new vessels that arise 
do so as outgrowths of existing vessels. Definitive ves- 
sels arise by selection, enlargement, and differentia- 
tion. The selection of resulting channels is by virtue of 
inherited patterns and hemodynamic factors. Vascu- 
logenesis factors, such as vascular endothelial growth 
factor (VEGF) and erythropoietin (EPO), have been 
extensively studied in various animal models with cor- 
relative studies ongoing in human embryogenesis and 
fetal placental angiogenesis.?+ It is during this period 
that paired dorsal aortae arise. In addition, paired 
postcardinal veins form to return blood to the heart 
from the caudal end of the body via a common cardi- 
nal vein. These postcardinal veins develop as vessels of 
the mesonephroi and run dorsal to them. The previ- 
ously paired dorsal aortae fuse at the level of the 
fourth thoracic vertebra to the fourth lumbar vertebra 
to form a single descending aorta in the 4th week. 
Lateral branches of the dorsal aorta appear during the 
5th week. These irregularly segmented vessels supply 
structures arising from the nephrotome region, 
specifically the mesonephros, gonads, metanephros, 
and suprarenal glands. The number of lateral branches 
is reduced with involution of the mesonephros; these 
lateral branches ultimately become the inferior 
phrenic, adrenal, renal, and gonadal arteries. 

During the 6th week, the formation of the inferior 
vena cava starts (Figure 19.1). Subcardinal veins 


develop ventromedial to the mesonephroi and con- 
nect with each other and with the postcardinal veins. 
The posterior cardinal veins, which supply the 
mesonephric kidneys, will ultimately disappear when 
the mesonephroi involute with the exception of rem- 
nants as the root of the azygos vein and the common 
iliac veins.! Supracardinal veins develop dorsomedial 
to the postcardinal veins and replace them. This 
process progresses during the 6th to the 8th week of 
gestation, when formation of the inferior vena cava is 
complete. Connections between the subcardinal veins 
persist as a common stem uniting the left renal vein, 
the left adrenal vein, and the left gonadal vein to the 
vena cava. The right subcardinal vein forms the infe- 
rior vena cava at the level of the renal veins and cepha- 
lad; it is for this reason that the right adrenal vein and 
the right gonadal vein drain directly into the inferior 
vena cava. The right supracardinal vein persists as the 
inferior vena cava below the renal veins, whereas the 
left supracardinal vein disappears entirely. 

Although there are many normal variations in renal 
arterial supply, most tend to be variations of the 
arrangement of five segmental arteries: posterior, 
upper anterior, middle anterior, apical, and inferior 
polar. During renal ascent from the pelvis, the devel- 
oping kidneys receive their blood supply from the ves- 
sels that are closest to them. With normal ascent 
stopping where the kidneys meet the adrenal 
(suprarenal) glands, the blood supply to the kidneys 
initially comes from the common iliacs but, ulti- 
mately, will arise from branches off of the aorta. The 
earlier blood vessels will involute and disappear unless 
there is incomplete ascent.' Accessory renal arteries 
will arise if some of the precursors do not involute; 
most arise from the aorta either superiorly or inferi- 
orly. Accessory arteries are present in about 25% of 
adult kidneys and are more common than accessory 
veins. Obstruction of the proximal ureter can occur if 
an inferiorly placed accessory artery is present and if 
that artery crosses over the ureter (Figure 19.2). 

Persistence of the right subcardinal vein as the infe- 
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Figure 19.1 Development of the superior and inferior vena cava: (a-f) anterior views; (g-h) cross-sectional views. 
V.O.M., omphalomesenteric veins. (From Patten.°) 


rior vena cava rather than the supracardinal vein will Retroiliac ureter is a rare anomaly that may result if 
result in a retrocaval ureter. All reported cases of the iliac artery should form from a ventral root of the 
retrocaval ureter have been right-sided except when umbilical artery rather than a segmental branch of the 


situs inversus is present.” aorta as it normally does in the 4th week.® 
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Figure 19.2 Ascent of the kidneys. (a-d) Diagrammatic ventral views of the abdominopelvic region of embryos and 
fetuses (6th-9th weeks) showing medial rotation and ‘ascent’ of the kidneys from the pelvis to the abdomen. (a and 
b) Observe also the size regression of the mesonephroi. (c and d) Note that as the kidneys ‘ascend,’ they are sup- 
plied by arteries at successively higher levels and that the hilum of the kidney (where the vessels and nerves enter) 
is eventually directed anteromedially. (Reproduced with permission from Moore and Persaud.') 


Kidney and ureter 


The urogenital system develops from the intermediate 
mesoderm arising from the dorsal body wall but will 
ultimately be ventrally located as a result of embry- 
onic folding. This mesoderm arising on either side of 
the descending aorta will form the urogenital ridge. 
The urinary system starts developing before the geni- 
tal system.! 

There are three sets of kidneys that develop in 
mammalian embryogenesis. The first to form, during 
the first 21 days of development, are the pronephrot. 
These non-functioning units arise in the cervical and 
thoracic region of the embryo (Figure 19.3). The 
pronephros does not function in mammals but is 
analogous to the kidney in primitive fish. Seven pairs 
of tubules arise as dorsolateral sprouts from segmen- 
tally arranged nephrotomes (specialized areas of 
mesoderm). As the last tubule appears, the earliest is 
degenerating. The distal ends of these tubules bend 
dorsally, canalize, and unite one with another into a 
longitudinal collecting duct. This collecting duct 
eventually reaches the cloaca and communicates with 
it. The pronephric ducts persist and are necessary for 
the next interim kidney development. If the 
pronephros or its duct do not develop, the 
mesonephros will not form. 

Late in the 4th gestational week, the mesonephros 
arises from nephrotomes caudal to the pronephros; 
these nephrotomes are unsegmented, unlike the 
pronephric nephrotomes. The mesonephric meso- 
derm separates into a longitudinal bar termed the 


nephrogenic cord. Within this cord, the mesenchyme 
forms into tubules. One end of the tubule becomes 
associated with a knot of blood vessels, while the 
other opens into the original pronephric duct, now 
called the mesonephric duct. With this process, the 
nephrogenic cord becomes subdivided into spherical 
masses of cells that appear progressively from its cra- 
nial end to its caudal end. These masses will hollow 
and send out solid extensions that unite with the 
mesonephric duct. These solid extensions canalize 
and, with linear growth, bend into an S-shape. A knot 
of blood vessels (the glomerulus) indents the free end 
of the tubule, which now becomes Bowman’s capsule 
(Figure 19.4). Bowman’s capsule and the glomerulus 
together make up the mesonephric corpuscle. Lateral 
branches of the aorta feed the glomerulus, while the 
postcardinal veins drain these tubules by sinusoids. 
The mesonephric tubules between the mesonephric 
duct and the glomerulus elongate and form a secre- 
tory segment and a collecting segment. As the tubules 
enlarge, the nephrogenic cord bulges into the coelom, 
forming a urogenital ridge on each side of the dorsal 
mesentery extending roughly from the diaphragm to 
the cloaca (Figure 19.5). 

The pronephric tubules have completely degener- 
ated by the 4th week but the pronephric duct persists 
as the mesonephric (wolffian) duct. The mesonephros 
begins to reach its stage of maximal development by 
the 28th day, with about 30 tubules in each 
mesonephros. The cranial tubules of the mesonephros 
degenerate while others are forming caudally. Unlike 
the pronephroi, the mesonephroi are well developed 
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Figure 19.3 Development of the permanent kidney. (a) A lateral view of a 5-week embryo, showing the primordium 
of the metanephros. (b-e) Successive stages in the development of the metanephric diverticulum or ureteric bud 
(5th-8th weeks). Observe the development of the ureter, renal pelvis, calices, and collecting tubules. (Reproduced 
with permission from Moore and Persaud.') 
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Figure 19.4 Development of a metanephric excretory unit. Arrows indicate the place where the excretory unit estab- 
lishes an open communication with the collecting system, thus allowing the flow of urine from the glomerulus into 


the collecting ducts. (From Sadler.9) 
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Figure 19.5 (a) Relationship of the genital ridge and the mesonephros. Note the location of the mesonephric duct. 
(b) Transverse section through the mesonephros and genital ridge at the level indicated in (a). (From Sadler.) 


and will function as interim kidneys for about 4 
weeks. The glomeruli in animals studied (rabbits, 
cats, and pigs) can excrete ferrocyanide at this stage, 
while the tubules can secrete phenol red. At the caudal 
end of the nephrogenic cord, at the level of the sacral 
vertebrae deep in the pelvis, the metanephros soon 
appears as a metanephrogenic (nephric 
blastema). 

The mesonephric duct makes a sharp bend before it 
enters the cloaca (see Figure 19.3). The ureteric bud, 
which will become the ureter, renal pelvis, calices, and 
collecting ducts, arises from the dorsal medial aspect 
of this bend. It hollows, grows dorsad, and then 
cephalad. It pushes into the metanephrogenic mass, 
composed of intermediate mesoderm, and separates 
from the nephrogenic cord; the interaction between 
the ureteric bud and the metanephric mass begins to 
induce nephrogenesis. The proximal end of the 
ureteric bud elongates to form the ureter, while the 
distal end, that portion pushing into the metanephro- 
genic mass, becomes the renal pelvis. The 
metanephrogenic mass surrounds the renal pelvis like 
a cap. 

In the 5th week, early development of the perma- 
nent kidney is occurring, having been induced by the 
key union of the ureteric bud with the metanephro- 
genic mass. The kidney is initially oriented in an 


mass 


anteroposterior direction with the ureter entering the 
hilum of the kidney anteriorly (see Figure 19.2). With 
elongation of the ureter and straightening of the 
body, the kidney ‘ascends’ from its pelvic position to 
its eventual normal site, just below the suprarenal or 
adrenal glands; during the 5th week, however, the 
kidney is still caudal to the umbilical arteries. Late in 


the 5th week, the kidney begins to turn 90° on its ver- 
tical axis so that, ultimately, its dorsal border becomes 
its lateral border. 

By the 6th week, the kidney has ascended suffi- 
ciently so that it lies cephalad to the umbilical artery. 
The renal pelvis flattens and divides into two major 
calices. By the 7th week, the kidney comes into con- 
tact with the suprarenal body, shortens and widens; 
by the 8th week, the center of the kidney has reached 
its permanent level opposite the second lumbar verte- 
bra. The caudal pole is above the iliac vessels and the 
cranial pole below the suprarenal gland (see Figure 
19.2). 

From the 6th to the 20th week, the major calices 
progressively subdivide through 12 generations. The 
second, third, and fourth generations enlarge and fuse 
to form approximately nine minor calices. The fifth 
generation of branches (about 25 in number) form 
papillary ducts, emptying into the minor calices. The 
sixth to 12th generations of branches form the col- 
lecting ducts in the renal medulla and project into the 
renal cortex. All the tubules draining into a minor 
calyx constitute a renal pyramid, the base of which 
adjoins the renal cortex, while its apex (papilla) pro- 
jects into a calyx. The calices, pelvis, and ureter differ- 
entiate into transitional epithelium and become 
invested with smooth muscle and connective tissue by 
specialization of the surrounding mesenchyme during 
the 8th week. 

The cap of metanephrogenic tissue that covers the 
ureteral bud has two layers: an external layer, which 
forms the renal capsule and connective tissue, and an 
inner layer, which forms the nephrons. The inner 
layer divides as the renal pelvis branches, so that a 
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small cap of metanephrogenic tissue covers each sub- 
division through all 12 generations. As the renal 
cortex organizes, the region over each pyramid is 
demarcated from the next pyramid, so that as many as 
20 lobes are formed. This lobation disappears pro- 
gressively in infancy and early childhood but may be 
readily apparent on routine ultrasonographic exami- 
nation as fetal lobulations, especially in infants. 

During the 7th week, the inner layer of the 
metanephrogenic tissue begins to condense into 
spherical masses about the ends of the branches of the 
ureteral bud. These masses hang down into the angles 
between the branches. As the cortex thickens, new 
spheres form. The spheres change into vesicles and 
elongate, producing an S-shaped secretory tubule, 
which unites with a collecting tubule. The blind end 
of the secretory tubule becomes the Bowman’s cap- 
sule, while the mid-portion elongates and twists. An 
afferent arteriole grows in, the glomerulus differenti- 
ates, and an efferent arteriole grows out. The combi- 
nation of the developing elongating metanephric 
vesicles later to be the metanephric tubules and the 
glomerulus, including Bowman’s capsule, will 
become the future nephron. Nephrogenesis starts in 
third-generation ureteral branches in the mid-portion 
of the kidney and in fifth-generation branches at the 
poles. Nephrogenesis, or formation of nephrons, con- 
tinues through the 36th week of gestation and then 
ceases. Although the number of nephrons does not 
increase with age, the size of the nephron increases 
throughout somatic growth. 

The fetal kidney is capable of secretion by the 10th 
week of gestation, and urine is produced. The bladder 
fills and urine is voided into the amniotic sac. The 
amniotic fluid is imbibed by the fetus and is an impor- 
tant factor in pulmonary maturation. A mature fetus 
can swallow several hundred milliliters a day, which is 
then absorbed by the fetal intestines. Fetal waste 
products are transferred through the placenta into the 
maternal circulation for disposal. 

Scientific research has been quite extensive in 
human and animal models concerning the molecular 
control and triggering of embryonic development. 
Previously, normal renal development was thought to 
hinge on the metanephric diverticulum or ureteral 
bud making contact with the metanephric mass. 
Presently, the theory of reciprocal induction of the 
kidney through important interactions between the 
ureteral bud and the metanephric cap explains that the 
nephrons will not develop without the ureteral bud 
meeting the metanephric mass and, of equal impor- 
tance, the branching of the ureteral bud will not occur 


without the metanephric mass stimulating the 
ureteral bud to branch. In other words, embryonic 
renal development is thought to be due to signals 
from adjacent tissues, and coordination of normal 
organ development depends on appropriate interac- 
tions between constituent parts at the appropriate 
time for that development.! 

Molecular and gene studies in laboratory animals 
suggest that WT (a Wilms’ tumor suppressor gene) 
is necessary in the metanephric mass to induce the 
ureteral bud to form through presumed regulation of 
production of GDNF (glial-cell-line-derived neu- 
rotrophic factor). Once this GDNF is present, it stim- 
ulates branching of the ureteral bud through 
receptors (c-ret) first located on the mesonephric duct 
and then found on the ureteral bud. Other molecules 
regulate nephron induction such as transforming 
growth factor (TGF-B,), bone morphogenetic 
protein 7 (BMP7), and nephron maintenance and 
differentiation such as fibroblast growth factor-2 
(FGF-2), and leukemia inhibitory factor (LIF). Still 
other molecules, including PAX-2, BCL-2, ANG II 
(angiotensin II), and HGF (hepatocyte growth 
factor), are thought to regulate apoptosis of the devel- 
oping kidney tubules and nephrons.}!0!? Animal 
studies (transgenic mice) suggest that sonic hedgehog 
(Shh) may promote mesenchymal cell proliferation 
and differentiation of the developing smooth muscle 
around the ureteral bud and, thus, if there is abnormal 
signaling from Shh, the ureteral smooth muscle may 
not develop normally and hydroureter and/or 
hydronephrosis may ensue. If there is not enough Shh 
activity, the ureteral smooth muscle development may 
be aberrant and facilitate dysplastic or obstructive 
changes in the developing kidney.!% 

CAKUT, or congenital anomalies of the kidney and 
urinary tract, was coined by several urologists and 
nephrologists who noted that there were divergent 
thoughts in the two communities about the causes of 
abnormal development of the kidneys and urinary 
tract and the research within the two fields can be 
complementary rather than divergent. This combined 
system approach concerning the effects that the devel- 
oping kidney has on the developing ureteral system 
and the reciprocal effects of the ureter on the kidney 
may explain the various malformations that occur due 
to aberrant reciprocal induction in the urinary 
system. 14 

Multiple anomalies result from disordered embryo- 
genesis of the ureter or kidney. Some are known to be 
familial, at least in some instances (e.g. ureteral dupli- 
cations, vesicoureteral reflux), whereas others are 
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frequently associated with chromosomal abnormali- 
ties (e.g. horseshoe kidney and Turner’s syndrome). 
Most, however, seem sporadic in incidence. 

If the pronephrosis fails to develop, the 
mesonephros will not develop; the result is renal and 
ureteral agenesis. Unilateral renal agenesis occurs in 
approximately 1 in 1000 newborns. Males predomi- 
nate in occurrence, as does a proclivity to the absent 
kidney being on the left. Additionally, in the male, the 
ipsilateral genital ducts do not form. Hence, there is a 
high association of renal agenesis in patients with 
congenital absence of the vas deferens.!° A similar sit- 
uation would result if the mesonephric duct failed; 
however, if the mesonephric duct developed but the 
mesonephros did not, the kidney would be absent, 
while the genital ducts, and perhaps a blind-ending 
ureter, could result. If both kidneys fail to develop, 
oligohydramnios (due to a lack of fetal urine) pro- 
duces the deformation characteristic of Potter’s syn- 
drome (characteristic facies with low set ears, 
hypertelorism, and flattened nose, as well as limb 
deformities due to relative absence of amniotic fluid) 
and interferes with pulmonary maturation. Occur- 
rence of bilateral renal agenesis is approximately 1 in 
3000 live births and is incompatible with postnatal 
life. 

Failure of renal ascent results in simple pelvic 
ectopia. Further ascent but failure of rotation is seen 
clinically as malrotation or incomplete rotation either 
maintaining the normal embryonic anteriorly placed 
renal pelvis or over-rotation with either a laterally or 
a posteriorly placed renal hilum. Many of these kid- 
neys are also ectopically located. If the two 
metanephrogenic masses come into contact in the 
pelvis they could fuse and form a pancake (lump) 
kidney. Fusion slightly later, usually in the lower pole 
of the developing kidneys, might result in horseshoe 
kidney. The ascent of the horseshoe kidney is arrested 
by the inferior mesenteric artery. Horseshoe kidneys 
occur in about 1 in 500 people. These kidneys have a 
2-8 times higher risk for Wilms’ tumor development 
than in the general population. The embryogenesis of 
crossed ectopia is harder to explain, but it may result 
from lateral bending and rotation of the tail of the 
embryo, thereby altering the course of ascent. In this 
way both ureteral buds might penetrate a single 
metanephrogenic mass.!© Supernumerary kidney for- 
mation is relatively rare. Formation of this anomaly is 
due to the division of the ipsilateral ureteral bud 
(Figure 19.6). 

Cystic renal disease can occur with inherited condi- 
tions or through disruptions in normal development. 


Figure 19.6 Computed tomographic image of super- 
numerary kidney on left (arrow) and absent right 
kidney. 


Autosomal recessive polycystic kidney disease 
(ARPKD) is a recessively inherited autosomal disor- 
der that is reported to occur in 1 out of 6000-14 000 
pregnancies. These kidneys are quite large and may 
replace most of the retroperitoneum. The cysts are 
due to enlargement of the collecting ducts; associated 
liver disorders with periportal hepatic fibrosis is also 
seen with this disorder. Those infants who do not sur- 
vive infancy expire due to renal or pulmonary failure. 
Imaging of ARPKD kidneys with ultrasonography or 
postnatal computed tomography (CT) is character- 
ized by very large kidneys with a streaking sunburst 
pattern (Figure 19.7). 

Autosomal dominant polycystic kidney disease 
(ADPKD), which is more common than the recessive 
form, is characterized by cysts forming through 
abnormal branching of the collecting ducts as well as 
cysts forming in other portions of the tubules. 

Multicystic dysplastic kidney disease (MCKD) has 
been said to result from early ureteral obstruction,!” 
or may result from disordered induction of the 
metanephrogenic mass by a faulty ureteral bud.!8 
Complete involution of the cystic components of the 
multicystic kidney also accounts for some cases of 
renal agenesis. MCKD is the most common form of 
cystic disease, with a frequency of 1 in 3000 pregnan- 
cies. In this disorder, there is no recognizable renal 
tissue present on gross examination, but there may be 
some dysplastic renal tissue interspersed with the 
cystic elements. Bilateral MCKD is incompatible with 
life, but approximately 75% of cases are found with 
unilateral MCKD involvement. These kidneys can be 
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Figure 19.7 (a) Computed tomographic (CT) image of autosomal recessive polycystic kidney disease (ARPKD): note 
sunburst streaking pattern (arrows). (b) Composite image on CT demonstrates large abdomen. 


found with antenatal ultrasonography (Figure 19.8). 
Cysts in this case are thought to be due to dilations of 
the tubules, especially the loops of Henle. 

Embryonic development theory suggests that 
normal nephrogenesis is dependent upon the ureteral 
bud meeting the center of the metanephrogenic mass, 
so that nephrogenesis is induced by the ureter.!??° 
Should they not meet at all, a blind-ending ureter 
would result. However, should they meet in an 


abnormal (degenerating) part of the metanephro- 
genic mass, renal dysplasia would be anticipated.!97! 
Study of the molecular basis of abnormal renal devel- 
opment with molecular and gene factors and markers 
is ongoing. !4 

Pathogenesis of dysplastic kidneys has been studied 
extensively using animal models of urinary tract 
obstruction at various times in fetal gestation. Kita- 
gawa et al developed a model for MCKD by ligating 


Figure 19.8 (a) Ultrasound image of right multicystic dysplastic kidney (MCDK) at 28 weeks’ gestation (white oval). 
Normal left kidney (black oval). (b) Laparoscopic picture of left pelvic MCDK of a different patient (white oval). 
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fetal lamb urethras at various times during gestation. 
They found a dysplastic kidney similar pathologically 
to a multicystic kidney when the urethras were ligated 
at 60 days’ gestation, well after the glomeruli started 
producing urine.2? Recent human fetal tissue studies 
using 3D histologic analysis theorize that there may 
be other other processes involved in the development 
of renal dysplasia arising from urinary tract obstruc- 
tion. These studies suggest that there may be two dif- 
ferent types of dysplasias MCKD models and 
obstructive renal disease models rather than abnor- 
malities due to faulty induction of the metanephric 
mass by the ureteral bud. Shibata and Nagata used 
human fetal renal tissue and felt that the cystic dys- 
plasia occurred earlier in gestation in MCKD, since 
cystic areas appeared to decrease with increased gesta- 
tional age while interstitial dysplastic tissue increased 
with later gestational age. They found that cysts were 
more peripherally located with obstructive renal dis- 
ease and the rest of the kidney architecture was gen- 
erally normal. They theorize that these cysts 
developed later in gestation because the effect of 
obstruction of the urinary tract occurs lower and must 
affect the urethra, bladder, ureter, or renal pelvis 
before it affects the developing nephrons. In MCKDs, 
the obstruction is associated with pyelocaliceal 
obstruction, which is much higher in the urinary tract 


and, therefore, will have an earlier dysplastic affect on 
the kidney.?324 
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Renal anomalies 


Michael L Ritchey and Susan John 


Embryology 


Renal anomalies may be the result of an arrest in 
development or a malformation. A complete under- 
standing of the embryologic development of the gen- 
itourinary tract is a prerequisite for the evaluation of 
a child with a suspected anomaly. Anomalies of the 
urogenital tract are among the most common of all 
organ systems. Using real-time ultrasonography as a 
screening test in healthy infants, Steinhart et al found 
that 3.2% of infants had an abnormality of the geni- 
tourinary tract and half of these required surgical 
intervention.! Shieh et al noted a 0.5% incidence of 
renal abnormalities using portable ultrasound screen- 
ing of school-age children.” 

The development of the urinary tract can be divided 
into two segments, the nephric system and the vesi- 
courethral system.’ There are three stages in the for- 
mation of the nephric system. The two intermediate 
stages are the pronephros, which completely disap- 
pears, and the mesonephros. Although the 
mesonephros undergoes degeneration, its duct persists 
and extends caudally to communicate with the ante- 
rior cloaca. Vestigial remnants of the mesonephric 


5-6 weeks 


7 weeks 


20 


tubules occur in both sexes and are associated with the 
reproductive tract. Early in the 4th-5th weeks, the 
ureteral bud begins to develop from the distal end of 
the mesonephric duct near its junction with the cloaca. 
The cranial end of the ureter then ascends to meet the 
nephrogenic cord of the intermediate mesoderm. This 
begins to develop into the metanephros and continues 
its cephalad migration. The cranial end of the ureteral 
bud begins a series of branchings to form the renal 
pelvis, the calices, and a portion of the collecting 
ducts.* This branching is associated with the simulta- 
neous differentiation of the metanephrogenic cap, 
which becomes arranged around the branching col- 
lecting ducts, and ascends. The ascent of the kidneys 
occurs in part due to true migration and also secondary 
to differential somatic growth of the lumbar portion 
of the body. They reach their final level by the end of 
the 8th week of fetal life (Figure 20.1). The kidney 
also undergoes axial rotation medially of 90° during 
the 7th and 8th weeks before it assumes its final posi- 
tion. During ascent, each kidney receives its blood 
supply from the neighboring vessels. Initially, this is 
from the middle sacral artery, then the common iliac 
and inferior mesenteric arteries, and finally the aorta. 


Figure 20.1 Ascent and rotation of kidneys during fetal life. The normal rotation of the kidney from facing forward 
to facing medially is shown. A, aorta; R, rectum; B, bladder; Sex gl, sex gland. (From Campbell.) 
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Anomalies in number 


Supernumerary kidney 


A supernumerary kidney is an uncommon anomaly, 
with no more than 100 cases reported in the litera- 
ture. ? The embryologic basis shares some similari- 
ties with that found in ureteral duplication. There are 
either two ureteral buds arising from the mesonephric 
duct, leading to double ureters, or a branching of the 
ureteral bud, that results in a bifid collecting system. 
The two ureteral buds then either join two separate 
metanephroi or a splitting of the nephrogenic 
blastema occurs. This later develops into twin 
metanephroi after induction by the two ureteral buds. 
It is not necessary for the two ureteral buds to be 
widely divergent.® 

The supernumerary kidney is caudal to the ipsilat- 
eral kidney in 60% of cases. A supernumerary kidney 
associated with complete ureteral duplication is more 
likely to be in a cranial location. There is generally one 
extra kidney, but as many as five separate renal masses 
have been reported. This anomaly occurs more fre- 
quently on the left side. The ureter of the anomalous 
kidney joins the ipsilateral ureter about as commonly 
as it enters the bladder separately, but only rarely is 
the ureter ectopic. The extra kidney has its own renal 
capsule and blood supply. The supernumerary kidney 
is often smaller and one-third exhibit other pathologic 
changes (e.g. hydronephrosis, pyelonephritis). Renal 
function is frequently decreased in the smaller 
hypoplastic unit. 

Most cases are diagnosed after the third decade of 
life. Presenting complaints are usually related to uri- 
nary obstruction or infection and include pain, fever, 
or an abdominal mass.!? However, many patients 
remain asymptomatic throughout life and 20% of 
reported cases were discovered at autopsy.!! The 
diagnosis can be readily established with current 
imaging modalities; nuclear renal scintigraphy will 
confirm the presence of functioning renal tissue. !? 


Unilateral renal agenesis 


Renal agenesis results from a failure of induction of 
the metanephric blastema by the ureteral bud. This 
could result from agenesis of the ureteral bud or 
Wolffian duct, failure of the bud to reach the 
blastema, absence or abnormality of the metanephric 
blastema, or failure of the ureteral bud to invade the 
metanephric blastema.!4 It is unclear whether there is 
a genetic predisposition or if it is related to other pre- 
natal factors. Parikh et al found diabetes and black 


maternal race were associated with an increased inci- 
dence of renal agenesis, but it is probably multifacto- 
rial, with both environmental and genetic factors 
playing a role.!4 A familial tendency has been 
reported, supporting the latter.!5 The reported inci- 
dence of this condition varies between series of 
patients collected from either clinical or autopsy data. 
Doroshow and Abeshouse estimated that unilateral 
renal agenesis (URA) is found in 1 of every 1100 
autopsies. !¢ A similar incidence has been noted in 
school-age children undergoing ultrasound screen- 
ing.” The clinical incidence on imaging studies is 1 in 
1500, suggesting that most cases are diagnosed 
during life.!” Currently, most renal anomalies seen by 
pediatric urologists are detected prenatally and URA 
is no exception, but fetal ultrasound studies have 
detected renal agenesis with a much lower fre- 
quency. !8:19 Many patients previously reported with 
URA probably had prior involution of multicystic or 
dysplastic kidneys. This has been documented to 
occur prenatally,” and rapid involution of multicystic 
and dysplastic renal units has also been shown to 
occur early in postnatal life.2!22 Hiraoaka et al have 
suggested that aplasia is the predominant cause of 
congenital solitary kidneys.?4 There is a slight male 
predominance, and the condition occurs more fre- 
quently on the left side. This male predominance may 
reflect the earlier differentiation of the Wolffian duct 
that takes place close to the time of ureteral bud for- 
mation. The ureteral bud is more likely to be influ- 
enced by abnormalities of the Wolffian duct than that 
of the Miillerian duct, which occurs later. 


Associated anomalies 


The ipsilateral ureter is absent in 50-87% of cases and 
only partially developed in the remainder.2* On cys- 
toscopy, a hemitrigone will be present in patients 
with complete ureteral agenesis. Anomalies of the 
contralateral kidney are common, with reflux the 
most frequent finding, followed by ureterovesical and 
ureteropelvic junction obstruction.**-?7_ Limakeng 
and Retik reported an increased incidence of con- 
tralateral abnormality if a hypoplastic ureter was asso- 
ciated with the absent kidney.”® The ipsilateral adrenal 
was found to be absent on autopsy in 8% of patients 
with URA.” One report noted ipsilateral adrenal 
agenesis in two of seven patients with URA examined 
with abdominal ultrasonography.?? 

The most commonly associated abnormalities are 
those of the female genitalia. The incidence ranges 
from 20 to 60%.1630 Likewise, patients with known 
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genital anomalies have an increased incidence of renal 
anomalies.3! Complete absence or hypoplasia of the 
vagina, the Mayer—Rokitansky—Kiister—Hauser syn- 
drome, is frequently associated with agenesis of the 
kidney.32-34 Most of the genital anomalies in female 
patients with URA are asymptomatic, but such 
anomalies often assume greater clinical importance, 
leading to earlier evaluation and diagnosis of the 
absent kidney. The most common problems involve 
the uterus and vagina. There is often a unicornuate or 
bicornuate uterus (Figure 20.2), and the ipsilateral 
horn and fallopian tube may be rudimentary or 
absent.2> A duplex uterus is attributable to a develop- 
mental anomaly of the urogenital septum, resulting in 
incomplete midline fusion of the Miillerian ducts and 
a longitudinal vaginal septum. The development of 
the Miillerian duct appears to be inhibited by the 
defective Wolffian duct if the defect occurs early in 
development.*° Defects of the ureteral bud that occur 
after Miillerian duct fusion will affect only ureteral 
and renal development.” Obstruction of the lower 
genital tract can occur, leading to hydrocolpos or 
hematocolpos. Patients present with a pelvic mass or 
pain and fail to menstruate at puberty.*8 Patients with 
complete Miillerian arrest will require vaginal con- 
struction to achieve adequate sexual function but will 
be infertile. 

The vas deferens, seminal vesicle, and ejaculatory 
duct are absent in 50% of males with URA.%? Con- 
versely, in those patients presenting with an absent 
vas, the reported incidence of renal agenesis varies 
greatly. Donahue and Fauver found an absent kidney 
in 22/26 (85%) patients with an absent vas defer- 
ens.49 Goldstein and Schlossberg used computed 
tomography (CT) to evaluate 26 men with absence of 
the vas deferens.*! Unilateral renal agenesis was noted 


Figure 20.2 Bicornuate uterus seen on hysterosalpin- 
gogram with filling of both fallopian tubes. The vagina 
was normal in this patient with an absent right kidney. 


in only four men, in all of whom the seminal vesicle 
was absent. Schlegel et al found an 11% incidence of 
renal agenesis in infertile men with unilateral agenesis 
of the vas.4? Of interest, men with both agenesis of 
the vas and renal anomalies rarely had CFTR gene 
defects. Cysts of the seminal vesicle associated with 
URA or dysgenesis and an ectopic ureter have also 
been reported.4? The ipsilateral testis is usually pre- 
sent.?4 Cystic dysplasia of the rete testis is associated 
with a high incidence of URA.*# 

Approximately 25-40% of patients with URA 
have anomalies of other organ systems. Most fre- 
quently affected are cardiovascular (30%), gastroin- 
testinal (25%), (14%).4° 
Unilateral renal agenesis is associated with several 
syndromes, including Turner’s, Poland’s,*° Golden- 
har’s,47, VACTERL association,#*® and Klippel-Feil 
syndromes.*? 


and musculoskeletal 


Diagnosis 


Absence of the kidney may be suspected on a plain 
film of the abdomen if the gas pattern of the splenic 
or hepatic flexure of the colon is displaced into the 
renal fossa.°° This non-specific finding is also found 
after the kidney has been surgically removed. The 
diagnosis is confirmed by an absent kidney and con- 
tralateral compensatory hypertrophy on excretory 
urography. Sonography will also reveal an empty 
renal fossa, but the hypertrophied adrenal gland can 
be mistaken for a small kidney.*! In these cases, the 
adrenal gland loses its ‘Y’ and ‘V’ configuration and 
becomes flatter and more elliptical in shape. This flat- 
tened adrenal gland has been described as the ‘lying 
down sign and can also be noted in renal ectopy.°? 
Radionuclide imaging should be performed in all 
children with the diagnosis of a solitary kidney, as it 
can identify small, poorly functioning kidneys missed 
by other imaging studies. Renography will also reveal 
kidneys that are ectopically located.** As noted above, 
cystography is recommended in all children with 
URA due to the increased risk of vesicoureteral reflux 
(VUR). Ultrasound and magnetic resonance imaging 
(MRI) are useful for examining the internal genital 
structures in females with a diagnosis of renal agene- 
sis. In general, the uterus and cervix can be visualized 
in both infants and older girls. Renal sonography has 
been recommended for screening of parents and sib- 
lings of children born with renal agenesis. Roodhooft 
et al reported a 9% incidence of asymptomatic renal 
malformations in family members, with URA the 
most common finding.*4 
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Prognosis 


Hypertrophy of the solitary kidney occurs as an adap- 
tive compensatory response. This hypertrophy has 
been shown to occur in utero.’ There are both exper- 
imental and clinical studies suggesting that hyperfil- 
tration of remnant nephrons may have an adverse 
effect on renal function, depending on the number of 
nephrons remaining.’ There are reports of focal 
glomerulosclerosis, the renal lesion that develops in 
hyperfiltration, occurring in humans with URA.57>? 
Some studies have noted an increased rate of hyper- 
tension, proteinuria, and mild renal insufficiency.°*! 
However, others have noted normal renal reserve in 
patients with URA.® Although the risk of significant 
renal disease is low, we advise our patients to have 
annual measurement of blood pressure and urinalysis 
to assess for proteinuria. 


Bilateral renal agenesis 


The incidence of bilateral renal agenesis (Potter’s 
syndrome) is 1 in 4000 births, with a slight male 
predominance (male:female ratio of 2.5:1).6 A 
familial tendency has been reported, and the risk of 
recurrence in subsequent pregnancies is 2-5%.64 
These infants have a characteristic facies (Figure 
20.3) that is found in conditions in which there is an 
absence of intrauterine renal function. The most 
constant finding is a prominent epicanthal fold that 
extends onto the cheek. The skin of these infants is 
very loose, particularly over the hands. Oligohy- 
dramnios during pregnancy is profound, except in 
rare instances. This causes intrauterine compression 
of the fetus, which results in other characteristic 
external features, including bowed legs and clubbed 
feet. The most significant sequelae of oligohydram- 
nios is pulmonary hypoplasia. This is the result of 
compression of the thoracic cage, preventing lung 
expansion, lack of pulmonary fluid stenting the air- 
ways, or absence of renal factors, such as proline 
production.° 

Approximately 40% of such infants are stillborn, 
and the remainder rapidly succumb to respiratory fail- 
ure associated with the pulmonary hypoplasia unless 
aggressively treated. This poor prognosis has led to 
the recommendation of termination of the pregnancy 
if the diagnosis is made early in gestation. 

The ultrasound criteria for diagnosis of a fetus with 
bilateral renal agenesis are the presence of severe 
oligohydramnios or anhydramnios occurring after 
14-16 weeks’ gestation, failure to visualize both kid- 


Figure 20.3 Potter’s facies. (Courtesy of Dr Catherine 
Poole, University of Miami, Florida.) 


neys, and non-visualization of the bladder. Prior to 16 
weeks gestation, relatively little of the amniotic 
volume is due to fetal urine. Because fetal imaging is 
very difficult in severe oligohydramnios, non-visual- 
ization of the urinary bladder is a more reliable indi- 
cation of fetal renal non-function than the inability to 
identify the fetal kidneys.°° Caution must be used in 
accepting the antenatal diagnosis of bilateral renal 
agenesis, because false-positive diagnoses have been 
made. Color Doppler sonography is recommended to 
establish the presence or absence of renal arteries.°7 
MRI may facilitate assessment of the fetus with pos- 
sible bilateral renal agenesis.©* 

The ureter is absent in the majority of cases and 
only partially developed in the remaining individu- 
als.24 The bladder is either absent or severely 
hypoplastic as a result of the absence of urine flow. 
The adrenal glands are rarely absent or malpositioned, 
but are flat.5? External genital development is usually 
normal except when bilateral renal agenesis occurs in 
a sirenomelic monster. Testicular absence has been 
reported in up to 10%, but the vasa are usually pre- 
sent.°2 The presence of the vasa suggests that this 
anomaly is not due to failure of the Wolffian duct to 
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develop. The organs most often abnormal in the 
female are derived from the Miillerian structures. In 
both sexes, there is an increased incidence of spina 
bifida and gastrointestinal malformations, imperfo- 
rate anus in particular. A regional disturbance affect- 
ing the posterior portion of the cloaca and the 
adjacent mesonephros and Miillerian ducts is proba- 
bly responsible for these associations.° 


Anomalies of rotation 


Abnormal rotation, or malrotation, is most com- 
monly associated with an ectopic or fused kidney, 
but may also occur in kidneys that undergo complete 
ascent. In the normal adult kidney, the renal pelvis is 
oriented medially and the calices point laterally. The 
fetal kidneys undergo a 90° rotation during the 
6th-8th weeks of embryonic development to achieve 
normal orientation (see Figure 20.1). The rotation of 
the fetal kidney has been proposed to be the result of 
differential growth, with more tubules being formed 
on the ventrolateral side than on the dorsomedial 
side. This theory does not explain all of the abnor- 
malities of rotation. Weyrauch suggested that the 
ureteral bud makes more lateral contact with the 
renal blastema. This may explain an anomalous initial 
position of the kidney, but does not explain normal 
renal rotation. Campbell reported only 17 cases of 
renal malrotation among 32834 autopsies on 
adults.”° Smith and Orkin found an incidence of 1 in 
390 and stated that malrotation accounts for 10% of 
upper urinary tract anomalies.”1 The true incidence 
of this type of anomaly is probably understated 
because in many patients there are no clinical mani- 
festations. 

The different types of malrotation are depicted in 
Figure 20.4. The most common is an incomplete 
rotation, or non-rotation (Figure 20.5). The renal 
pelvis is anterior or between the fetal anterior and 
normal medial position in the adult. Other major 
types of anomalous rotation are reverse rotation and 
hyper-rotation (excessive rotation) in which the 
kidney faces laterally, but these are rare (Figure 
20.6).”? In reverse rotation, the renal pelvis rotates 
laterally and the renal vessels cross the kidney anteri- 
orly to reach the hilum (Figure 20.7). In excessive 
rotation, the kidney rotates more than 180° but less 
than 360°. The pelvis faces laterally, but the renal ves- 
sels are carried posteriorly to the kidney. Less severe 
hyper-rotation may leave the renal pelvis in a dorsal 
position.? 
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Figure 20.4 Rotation of the kidney during its ascent 
from the pelvis. The left kidney (with its renal artery) 
and the aorta are viewed in transverse section to show 
normal and abnormal rotation during its ascent to the 
adult site. (a) Primitive embryonic position, hilus faces 
ventrad (anterior). (b) Normal adult position, hilus faces 
mediad. (c) Incomplete rotation. (d) Hyper-rotation, 
hilus faces dorsad (posterior). (e) Hyper-rotation, hilus 
faces laterad. (f) Reverse rotation, hilus faces laterad. 
(From Parrott et al.°) 


Figure 20.5 Ultrasound demonstrating malrotation of 
the right kidney. This results in an anterior location of 
the renal collecting structures (arrow) on ultrasound, 
rather than the usual posteromedial orientation. 
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Figure 20.6 CT demonstrating excessive rotation of 
the right kidney. 


Figure 20.7 Abnormal renal rotation: (a) reverse rota- 
tion; (b) hyper-rotation. (Adapted from Weyrauch.’2) 


Malrotation is usually discovered incidentally 
during imaging of the kidney. When symptoms 
occur, they are most often related to intermittent 
hydronephrosis and consist of abdominal pain often 
associated with vomiting. It is important to establish 
the correct diagnosis and to exclude other pathologic 
conditions that can produce similar distortion of the 
kidney. The upper third of the ureter may be dis- 
placed laterally and the renal pelvis may appear elon- 
gated, suggesting obstruction or effacement by an 
extrinsic mass. Obstruction may be secondary to com- 
pression of the ureter from an anomalous accessory 
vessel or other obstructive lesions that also occur in 
normally rotated kidneys. The calices are often dis- 
torted even without any associated obstruction. Heli- 
cal CT can be very informative.” Treatment of 
malrotation is reserved for alleviation of associated 
obstruction, calculi, or infection secondary to poor 
drainage. 


Anomalies of ascent 


Renal ectopy 


Renal ectopy is the term used to describe a kidney 
that lies outside the renal fossa. The kidney migrates 
cephalad early in gestation to reach its normal posi- 
tion. Failure of ascent can be due to a number of fac- 
tors: abnormality of the ureteral bud or metanephric 
blastema, genetic abnormalities, teratogenic causes, 
or anomalous vasculature acting as a barrier to 
ascent.” During ascent, the kidney receives its blood 
supply from the middle sacral artery, iliac artery, and 
finally the aorta. The anomalous blood supply that is 
invariably present is dependent on the final position 
of the kidney and is probably not the cause of the mal- 
position. However, the blood vessels are frequently 
short, rendering surgical mobilization very difficult. 

The incidence of renal ectopy in postmortem stud- 
ies varies from 1 in 500 to 1 in 1290.7576 The inci- 
dence of ectopic kidney is higher in autopsy series 
than in clinical studies, suggesting that many cases 
remain unrecognized throughout life.”47° There is a 
slight predilection for the left side, and 10% of cases 
are bilateral. Simple renal ectopy refers to a kidney 
that remains in the ipsilateral retroperitoneal space. 
The most common position is in the pelvis (sacral or 
pelvic kidney) opposite the sacrum or below the 
aortic bifurcation.” The lumbar or iliac ectopic 
kidney is one that is fixed above the crest of the ileum 
but below the level of L-2 and L-3. Crossed renal 
ectopy refers to a kidney that crosses the midline (see 
discussion on anomalies of fusion later in this 
chapter). Lastly, malrotation often accompanies renal 
ectopy (Figure 20.8). 

The differentiation between a ptotic kidney and 
renal ectopia can be difficult, but there are several dis- 
cerning features. The length of the ureter may be 
helpful. In renal ectopy ureteral length corresponds to 
the location of the kidney; in a ptotic kidney, the 
ureter appears redundant. The ptotic kidney is mobile 
and usually can be manipulated into its normal posi- 
tion. 


Diagnosis 


Most cases of renal ectopy diagnosed in childhood 
present with symptoms attributed to the genitouri- 
nary or gastrointestinal system, such as vague abdom- 
inal pain or renal colic secondary to ureteropelvic 
junction (UPJ) obstruction or urolithiasis. Urinary 
tract infection (UTI) is the presentation in 30% of 
children. The ectopic kidney may also be noted inci- 
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Figure 20.8 Malrotated ectopic kidney opposite lower 
lumbar vertebrae. 


dentally, most frequently on prenatal ultrasound. A 
pelvic kidney is the most common finding in a fetus 
with an empty renal fossa and normal amniotic fluid 
volume.’” They can also be detected during the eval- 
uation of the other associated anomalies. Less often, 
the ectopic kidney can be detected as an abdominal 
mass on physical examination. 

In past years, pelvic kidneys were often difficult to 
recognize on excretory urography because they over- 
lie the bony structures (Figure 20.9). However, most 
can be now be identified by ultrasonography or 
radionuclide imaging.” Whenever a kidney is absent 
on ultrasound, radionuclide imaging is indicated to 
exclude an ectopic kidney. Voiding cystourethrogra- 
phy (VCUG) is recommended in all children with a 
diagnosis of pelvic kidney to exclude VUR, which is 
frequently associated with an ectopic kidney.”8 
Hydronephrosis is frequently noted in ectopic kid- 
neys.”? Gleason et al found that half of the dilation 
could be attributed to ureteropelvic or ureterovesical 
obstruction. Obstruction in the ectopic kidney is fre- 
quently due to a high insertion of the ureter on the 
renal pelvis (Figure 20.10). High-grade reflux was 


Figure 20.9 Excretory urogram in patient with a right pelvic kidney. (a) The short right ureter is seen overlying the 
bony structures. (6) Oblique film allows much better visualization of the collecting system and renal outline. 
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Figure 20.10 Ectopic solitary pelvic kidney in a 6-year-old boy with gross hematuria. (a) Excretory urogram show- 
ing giant hydronephrosis. (b) Retrograde pyelogram showing a catheter in the ureter with high insertion into pelvis. 


responsible for 26% of hydronephrotic kidneys, and 
extrarenal collecting system with malrotation 
accounted for the remainder. Diuretic renography 
may be needed to distinguish these abnormal pyelo- 
caliceal patterns from UPJ obstruction. The ectopic 
kidney can be clearly shown on the renal scan, but the 
gamma camera should be place anteriorly to obtain 
better images (Figure 20.11). However, if the kidney 
is totally non-functional, an ultrasound or CT scan 
may be the best method of localization. MR urogra- 
phy is a newer modality that shows promise for detec- 
tion of small poorly functioning renal units.8° 
Retrograde pyelography can be used to delineate the 
collecting system anatomy in selected cases (Figure 
20.12). Renal arteriography is now seldom per- 
formed in the patient with an ectopic kidney. Most 
often the kidney is supplied by multiple vessels that 
arise from the distal aorta, aortic bifurcation, or the 
iliac artery. These can be identified at the time of 


surgery. 


Associated anomalies 


The contralateral kidney is abnormal in up to 50% of 
patients.”4 There is a 10% incidence of contralateral 
renal agenesis. Associated VUR is found in 70-85% 
of children with an ectopic kidney.7*-8! The adrenal 
gland is normally positioned in most cases of renal 
ectopy. Genital anomalies are common, with an inci- 
dence ranging from 10% in males to 75% in 
females.32:76 In males, the most common abnormali- 
ties are hypospadias and undescended testes.748! 
Anomalies of the reproductive organs in the female 
include duplication of the vagina, bicornuate uterus, 
and hypoplasia or agenesis of the uterus or vagina.?4 
These may become clinically important during preg- 
nancy, and may require cesarean section.*? 
Anomalies of other organ systems also occur with 
increased frequency. Skeletal anomalies are present in 
up to 50% of children. The most common include 
asymmetry of the skull, rib abnormalities, dysplastic 
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Figure 20.11 Renal scintigram of a right pelvic kidney. 
The camera was placed anteriorly in this patient with 
bilateral pyelocaliectasis. 


vertebrae, and absent bones. Cardiovascular lesions 
were noted in 9 of the 21 children studied by Malek 
et al, and gastrointestinal abnormalities are found in 
one-third of patients.“4 Downs et al, however, 
reported a lower incidence of associated extrageni- 
tourinary anomalies. *? 


Management 


Renal ectopy remains undiagnosed in many patients 
throughout life. Overall, renal disease will develop in 
40% of patients with a solitary pelvic kidney.*? The 
most common problem is UPJ obstruction.” This 


oa 


Figure 20.12 Retrograde pyelogram in a patient with a 
symptomatic ureteropelvic junction obstruction in a 
left pelvic kidney. 


may be due to the malrotation and high ureteral inser- 
tion, or an anomalous vessel that partially obstructs 
the collecting system. Treatment should be individu- 
alized. Most cases have been managed via a transab- 
dominal approach for pyeloplasty. The goal of 
surgery is to achieve dependent drainage, and in some 
cases ureterocalicostomy may be best. Endopyelo- 
tomy has been used in a small number of patients 
with some success.8? Renal stones may develop in 
these kidneys (Figure 20.13). In the past, these were 
managed with open removal but now are amenable to 
extracorporeal shock wave lithotripsy (ESWL) or 
endourologic techniques, particularly if the ureter is 
dependent. An important consideration in manage- 
ment is that the contralateral kidney is frequently 
abnormal, so that every effort should be made to sal- 
vage renal tissue. 


Thoracic kidney 


Excessive cranial migration of the kidney results in a 
thoracic kidney. N’Guessan et al prefer to call this a 
‘superior ectopic kidney’ because most high kidneys 
actually lie below the diaphragm.’* A kidney is 


intrathoracic when either a portion or all extends 


Figure 20.13 Left pelvic kidney. (a) Kidney—ureter— 
bladder (KUB) study revealed opaque calculus in the 
true pelvis. (b) Retrograde pyelogram confirmed the 
stone to be within the renal pelvis of the pelvic kidney. 
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above the diaphragm. This accounts for less than 5% 
of renal ectopy, with an incidence of 1 in 13000 
autopsies’> with more than 140 cases reported.®4 
The left side is more commonly involved and there 
is a male predominance. The condition is rarely 
bilateral.84 

Renal ascent is normally complete by the 8th week 
of gestation. An intrathoracic kidney may be the 
result of accelerated ascent prior to diaphragmatic clo- 
sure or delayed closure of the diaphragmatic anlage 
allowing continued ascent.83.85 The renal vascular 
supply often arises from the normal site of origin on 
the aorta,®° but may arise more superiorly. The 
kidney otherwise appears normal and has generally 
completed rotation. 

In most cases, the kidney is actually subdiaphrag- 
matic in location. A thin membranous portion of the 
diaphragm overlying the kidney has been described in 
patients examined at thoracotomy or necropsy. In the 
supradiaphragmatic kidney, the ureter and hilar ves- 
sels enter through the foramen of Bochdalek. The 
adrenal gland frequently remains caudal to the kidney 
in its normal location.83 A superior ectopic kidney in 
association with a Bochdalek’s hernia is uncommon. 
In this circumstance, there is herniation of other vis- 
cera through the diaphragm, and the kidney is mobile 
and can be easily withdrawn from the thorax. 

In general, the thoracic kidneys function normally 
and most patients are asymptomatic. As with most 
renal anomalies, prenatal diagnosis is possible.8” UPJ 
obstruction has been noted.** The condition is most 
often detected on routine chest radiographs as a sus- 
pected mediastinal mass. Excretory urography or CT 
scans confirm the diagnosis. 


Anomalies of fusion 


The congenital renal anomaly that produces some of 
the most bizarre-looking urograms is the result of 
fusion of two or more kidney masses. There are sev- 
eral proposed mechanisms. The kidneys cross the 
umbilical arteries as they ascend out of the pelvis. 
Malposition of the umbilical arteries may cause the 
developing nephrogenic blastemas to fuse in the mid- 
line, resulting in a horseshoe kidney. If during ascent, 
one kidney advances slightly ahead of the other, the 
inferior pole may come in contact with the superior 
pole of the trailing kidney. This would result in 
crossed ectopia with fusion. A single nephrogenic 
mass induced by ureteral buds from both sides could 
also produce crossed fused renal ectopia.88 This latter 


theory, with the ureters crossing the midline, explains 
a solitary or bilaterally crossed ectopic kidney. Fusion 
of the two masses occurs early in embryogenesis, and 
malrotation is present in all cases. 


Horseshoe kidney 


The horseshoe kidney (HSK) is the most common 
renal fusion anomaly, with the two renal masses 
joined at the lower poles in more than 90% of cases 
(Figure 20.14). It is postulated that fusion of the 
lower poles occurs very early in gestation when they 
are in close proximity and is the result of abnormal 
migration of nephrogenic cells.8? The isthmus cross- 
ing the midline joining the two kidneys consists of 
either renal parenchyma or fibrous tissue. The horse- 
shoe kidney is usually positioned low in the abdomen, 
with the isthmus lying just below the junction of the 
inferior mesenteric artery and aorta. It is postulated 


Figure 20.14 Horseshoe kidney, postmortem speci- 
men. 
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that the inferior mesenteric artery obstructs the isth- 
mus and prevents further ascent. Although usually sit- 
uated anterior to the great vessels, the isthmus may 
cross posterior to the aorta and/or inferior vena 
cava.’ 

The reported incidence of horseshoe kidney varies 
from 1 in 400 to 1 in 1800.7021 The abnormality is 
more common in males. In autopsy series, this anom- 
aly is found more commonly in children, which is 
attributed to the high incidence of associated congen- 
ital anomalies causing the demise of such children. 
This is in comparison to the 3.5% incidence of asso- 
ciated congenital malformation in adults discovered 
to have horseshoe kidneys. Horseshoe kidneys have 
been reported in identical twins and in several siblings 
within the same family.?? 


Diagnosis 


Many horseshoe kidneys are now diagnosed on pre- 
natal ultrasound.”” Strauss et al reported that sono- 
graphic features are low-lying kidney, curved 
configuration of the kidney, tapering and elongation 
of the lower pole, and a poorly defined inferior 
border.?? The diagnosis of the horseshoe kidney may 
be suspected from a plain radiograph of the abdomen 
if the renal outlines are visible. The classic features of 
HSK have been noted on excretory urography, but 
this is now seldom performed in children (Figure 
20.15). Malrotation of the kidney is always present 
and is attributed to very early fusion of the kidneys 
before rotation is complete. The renal pelves remain 
anterior, with the ureters crossing the isthmus. The 
orientation of the calices is generally anteroposterior, 
but the lowermost calices invariably point towards the 
midline, medial to the ureter. These lower calices 


Figure 20.15 Typical appearance of horseshoe kidney 
on an excretory urogram. 


often overlie the vertebral column. The renal axis 
appears to be vertical or shifted outward, with the 
lower poles lying closer together than the upper poles. 
The course of the ureters is variable, but they often lie 
anterior to the pelvis. The upper ureter appears to be 
laterally displaced by a midline mass. Other pertinent 
urographic findings are low-lying kidneys, and the 
lower outer border of the kidney appears to continue 
across the midline. The radiographic appearance of a 
horseshoe kidney is frequently altered by associated 
abnormalities such as hydronephrosis and/or dimin- 
ished renal function. 


The diagnosis of a horseshoe kidney can be con- 
firmed by a variety of imaging techniques, including 
ultrasound, CT, or MRI (Figure 20.16). In general, 
the fusion of the kidneys can be clearly visualized with 
either of these studies (Figure 20.17). Radionuclide 
imaging (Figure 20.18) can also be helpful in making 


the diagnosis when other imaging modalities are 


Figure 20.16 Horseshoe Ultrasound 


kidney. (a) 
demonstrates the isthmus (arrow), which is only par- 
tially visible anterior to the spine (S). (6) CT of the same 
patient better demonstrates the fused lower poles 
(arrows). 
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Figure 20.18 Renal scan in a patient with horseshoe 
kidney showing minimal function of the isthmus. 


inconclusive.” Kao et al found that a DMSA (dimer- 
captosuccinic acid) renal scan identified the isthmus in 
100% of children with HSK. In the past, renal arteri- 
ography was often performed before surgery to delin- 
eate the vascular blood supply. In the majority of 
cases, there are multiple renal vessels. The blood 
supply to the isthmus is particularly variable, often 
supplied by a separate vessel. This may arise from the 
aorta, common iliac, or inferior mesenteric arteries. 


Associated anomalies 


There is a frequent association of other anomalies in 
children with horseshoe kidney, especially when the 
horseshoe kidney is discovered in the newborn 


period. Zondek and Zondek examined the post- 
mortem records of 99 individuals with horseshoe kid- 
neys.° Infants who were stillborn or who died within 
the first year of life had a 78% incidence of other 
malformations. The most commonly affected organ 
systems were the gastrointestinal, skeletal, cardiovas- 
cular, and central nervous systems. Boatman et al 
reported that one-third of patients with horseshoe 
kidney had at least one other abnormality.*° 

Several well-known syndromes have a predisposi- 
tion for HSK. Trisomy 18 is associated with a 21% 
incidence of renal fusion.?°?” More than 60% of 
patients with Turner’s syndrome have renal abnor- 
malities, including HSK, ureteral duplication, or 
other minor abnormalities.?* One study noted a 7% 
incidence of HSK in patients with Turner’s syndrome 
who were evaluated with renal ultrasound scanning.” 
There is also an increased incidence of HSK in 
patients with neural tube defects. 100 

Other genitourinary abnormalities are also encoun- 
tered with increased frequency in patients with HSK. 
Ten percent of patients have ureteral duplication, and 
VUR has been found in 10%1°! to 80% of children 
who undergo evaluation.!° A more recent report by 
Cascio et al found VUR in 13/40 patients with HSK 
undergoing cystography.!°% Multicystic dysplasia! 
and autosomal dominant polycystic kidney disease 
have also been reported.!°! Hypospadias and unde- 
scended testes occur in 4% of the males, bicornuate 
uterus or septate vagina in 7% of females.?° Retro- 
caval ureter has been found in association with a 
horseshoe kidney in six patients. 105 


Prognosis 


A horseshoe kidney does not usually affect life 
expectancy. Nearly one-third of patients with a horse- 
shoe kidney remain undiagnosed throughout life.!0! 
Most women are able to go through pregnancy and 
delivery without adverse effects.1°° In those patients 
with problems, symptoms are most often secondary 
to hydronephrosis, UTI, or urolithiasis. These 
patients generally present with vague abdominal pain. 
Patients can develop abdominal pain and nausea with 
hyperextension of the spine (Rovsing syndrome), 
presumably resulting from stretching of the isthmus. 
Operations to divide the isthmus were once per- 
formed to relieve pain, but this procedure has little 
merit. 101 

UPJ obstruction is the most common cause of 
hydronephrosis, occurring in 30% of patients diag- 
nosed during life. Kao et al performed diuretic renog- 
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raphy in 22 children with HSK detected on routine 
screening.” Only 1/44 renal units, 2.3%, was found 
to have obstructive hydronephrosis. This suggests 
that most cases of obstruction are acquired over time. 
The obstruction may be caused by a high ureteral 
insertion or an anomalous renal vessel. It must be rec- 
ognized that the calices may have an abnormal 
appearance as a result of the malrotation alone and 
that not all of these kidneys are obstructed. Kao et al*4 
showed that 25% of renal units had some stasis prior 
to administration of diuretic. In some children, the 
upper urinary tract dilatation may be secondary to 
VUR (Figure 20.19). 

Urolithiasis develops in 20% of patients with a 
horseshoe kidney. The increased risk of stones is 
attributed to stasis secondary to hydronephrosis, but 
metabolic factors should not be overlooked.!°7 A 
recent multicenter study showed that all patients with 
HSK and calculi had some metabolic abnormality. 108 
Hypercalcuria, hypocitraturia, and low urine volumes 
were the most common defects. 

Over 100 cases of renal malignancy have been 
reported in patients with horseshoe kidney,! with a 
number of tumors arising from the isthmus.!!° There 


Figure 20.19 Horseshoe kidney. Voiding cystourethro- 
gram demonstrating high-grade vesicoureteral reflux 
into the left renal moiety. Note the medial pointing 
calyx in the lower pole extending into the isthmus. 


appears to be an increased incidence of renal pelvic 
tumors and nephroblastoma in patients with HSK 
compared with the general population. H011 Wilms’ 
tumor is the second most common tumor found in 
horseshoe kidneys. In a review of National Wilms’ 
Tumor Study Group (NWTSG) patients, Mesrobian 
et al found that there was a sevenfold increased risk of 
a Wilms’ tumor developing in patients with a horse- 
shoe kidney.!!? Neville et al updated the NWTSG 
experience and identified 41 children with Wilms’ 
tumor arising in a HSK.!!3 The diagnosis of horse- 
shoe kidney was missed preoperatively in 13 patients, 
even though CT was performed in the majority. 


Management 


Correction of UPJ obstruction is the most frequent 
indication for surgical intervention in a patient with a 
horseshoe kidney. The goal of dependent drainage 
following pyeloplasty may be difficult to achieve in 
these patients. Routine division of the isthmus was 
once recommended to avoid having the ureter cross 
the isthmus. However, it has become clear that the 
isthmus does not contribute to the obstruction and 
should not be routinely divided.!!4 Donahoe and 
Hendren report that the kidneys remain in their orig- 
inal position following symphysiotomy because of 
fixation by the abnormal vasculature.!!> An extraperi- 
toneal flank approach is utilized for unilateral opera- 
tions. In those patients requiring bilateral procedures, 
a transperitoneal approach may be preferable in order 
to allow operation on both sides at once. Endouro- 
logic management, percutaneous endopyelotomy, or 
laparoscopic pyeloplasty are other options for these 
patients, but experience is limited.?-1!¢ 

Treatment of renal calculi will be dependent on 
stone burden. Most patients with small renal stones 
can be managed with ESWL.!!7 Calculi >2 cm are 
best managed percutaneously. Upper pole access and 
flexible nephroscopy are frequently required. 13 


Crossed renal ectopia 


Crossed renal ectopia is the second most common 
fusion anomaly. The etiology of crossed ectopia is 
uncertain, although several theories have been 
expressed.*4 The ectopic kidney crosses the midline to 
lie on the opposite side from its ureteral insertion into 
the bladder (Figure 20.20). The four varieties of 
crossed renal ectopia are illustrated in Figure 20.21. 
The incidence of crossed ectopia has been placed at 1 
in 7000 autopsies.!?° Crossed renal ectopia with 
fusion is the most common type and accounts for 
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Figure 20.20 Crossed ectopia, with the right kidney 
crossing midline and fused to the lower pole of the left 
kidney. 


Figure 20.21 Four varieties of crossed renal ectopia: 
(a) with fusion; (b) without fusion; (c) solitary; and (d) 
bilateral. (Redrawn from McDonald and McClellan,''9 
as reproduced by Abeshouse and Bhisitkul.12°) 


85% of the cases. Crossed ectopia without fusion rep- 
resents fewer than 10% of all cases, and solitary 
crossed ectopia and bilateral crossed ectopia are 
exceedingly rare.!19!2! With all of these abnormali- 
ties, there is a slight male predominance and crossing 
from left to right occurs more frequently than right to 
left. 

The many variations of fusion can produce bizarre 
radiographic pictures, and determination of the exact 
type of crossed ectopia can be difficult. McDonald 
and McClellan described six different varieties of 
crossed ectopia with fusion (Figure 20.22).!!° The 
most common form is unilateral fused type with infe- 
rior ectopia, in which the upper pole of the crossed 
kidney is fused to the lower pole of the normally posi- 
tioned kidney. The renal pelves remain in their ante- 
rior position, representing failure to complete 
rotation. The second most common type is the sig- 
moid, or S-shaped, kidney. The crossed kidney is infe- 
rior, but both kidneys have completed their rotation 
so that the two renal pelves face in opposite direc- 
tions. The fusion of the two kidneys probably occurs 
later, after axial rotation is completed. 

The other four types of fusion are much less 
common. The lump, or ‘cake’, kidney and the ‘disk’ 
kidney both involve extensive fusion of the two renal 
masses. In an L-shaped kidney, the crossed kidney 
assumes a transverse position. The least common type 
is the superior ectopic kidney, in which the crossed 
ectopic kidney lies superior to the normal kidney. The 
two kidneys may also fuse side to side and ascend 
together to the renal fossa (Figure 20.23). 


Diagnosis 


The classification described above was devised to 
stratify the patients in some logical fashion. There is a 
spectrum of abnormalities, and it is often difficult to 
categorize patients based on urographic findings. It 
also can be difficult to distinguish between crossed 
ectopia with fusion from crossed renal ectopy without 
fusion. This distinction may be possible on ultra- 
sound or excretory urography if the two renal masses 
are widely separated. CT and MRI are more likely to 
establish the correct diagnosis. Radionuclide imaging 
is also useful. 

The vascular supply to these kidneys is quite vari- 
able. Renal arteriography often demonstrates multi- 
ple anomalous branches to both kidneys arising from 
the aorta, or common iliac artery. Rarely will the 
renal artery cross the midline to supply the crossed 
kidney. !?2 
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Figure 20.22 Six varieties of crossed renal ectopia with fusion: (a) unilateral fused kidney, superior ectopia; (b) sig- 
moid or S-shaped kidney; (c) ‘lump’ kidney; (d) L-shaped kidney; (e) ‘disk’ kidney; and (f) unilateral fused kidney, 
inferior ectopia. (Redrawn from McDonald and McClellan,"'9 as reproduced by Abeshouse and Bhisitkul.'2°) 


Associated anomalies 


There is an increased incidence of other malforma- 
tions, including orthopedic or skeletal anomalies, 
imperforate anus, and cardiovascular anomalies.!7° A 
higher incidence of genital abnormalities is found in 
patients with solitary crossed ectopia similar to that 
found in unilateral renal agenesis.78 

The ureter in the crossed ectopic kidney usually 
enters the bladder and its orifice is only rarely 
ectopic.!2° The most commonly associated abnormal- 
ity is VUR, which is frequently noted in the ectopic 
kidney.”88! VCUG should be performed in all of 
these patients. Less common problems include UPJ 
obstruction, renal dysplasia,!?* and renal tumors. 14 


Prognosis 


Most patients with crossed renal ectopia are discov- 
ered incidentally, often by antenatal sonography when 
two kidneys are not identified.” When symptoms do 


occur, they are often related to infection and obstruc- 
tion. Abeshouse and Bhisitkul reported that one-third 
of patients had pyelonephritis and one-quarter had 
hydronephrosis (Figure 20.24).!?° The caliceal dilata- 
tion and distortion may be secondary to the malrota- 
tion or the presence of VUR. Urolithiasis has been 
found in up to one-third of patients.?” Mininberg et 
al reported one infant who presented with hyperten- 
sion secondary to a vascular lesion.!?5 Other patients 
may be found to have an abdominal mass on physical 
examination or during surgical exploration. It is par- 
ticularly pertinent in the patient with a fused pelvic 
kidney to recognize that this is the total functioning 
renal parenchyma. 


Fetal lobulation 


Fetal lobulation is commonly found in children and 
represents a persistence of normal fetal development 
(Figure 20.25). Another term used to describe this is 
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Figure 20.23 Crossed fused ectopia. Intravenous pyelogram 
of a child with crossed ectopia, without obstruction. 


[a 


‘renal’ lobation, because it designates the larger renal 
lobe (pyramid plus surrounding cortex) rather than 
the lobule (medullary ray and surrounding 
glomeruli).”? Fetal lobulation is found at autopsy in 
17.6% of children and in 3.9% of adults. This condi- 
tion is of no clinical importance, and should be rec- 
ognized as a normal variant. Radiographically, it may 
appear as small notches in the renal margin that are 
placed midway between the calices. 


(6) 


Figure 20.24 Crossed fused ectopia. (a) The left kidney crosses the midline. The presence of fusion is difficult to 
ascertain with confidence on this intravenous pyelogram. Obstruction is noted in the normally positioned right 
kidney. (b) 9°™Tc MAG3 radioisotope scan shows increased tracer activity in the right abdomen only. 


<= 


Renal anomalies 309 


Figure 20.25 Fetal lobulation of the kidney. (a) Gross image. (b) Ultrasound: note the regularly spaced indentations 


along the margin of the kidney (arrows) in this normal child. 
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Fetal and neonatal renal function 


Billy S Arant Jr 


Introduction 


The developing mammalian kidney is a remarkably 
complex organ. Although it has been characterized as 
small, immature, limited, and imbalanced and, as 
such, an impediment to the medical management of 
sick infants, this view is unwarranted. When it was 
first recognized that glomerular filtration rate (GFR) 
corrected for the body size of newborn infants was 
less than values measured in the adult,! the notion of 
limited renal function was introduced. Although the 
bulk of published studies on the various functions of 
the neonatal kidney seem to support limitation, 
many of these studies were misinterpreted and 
seemed to have conformed to the bias prevalent at 
the time. 

It is somewhat difficult to imagine how the species 
survived the stress of fetal adaptation to the functional 
integrity of postnatal life if the neonatal kidney were 
indeed limited in its functional capacity. Many pre- 
mature infants weighing <1000g at birth survived 
even in the 1930s to become healthy infants long 
before the availability of supportive measures now 
referred to as neonatal intensive care.2 Recent human 
and experimental animal studies provide some 
enlightenment and confirm the essential and unique 
role of the kidney at any stage of viability once the 
umbilical blood flow is interrupted at birth. 

The kidney of the human neonate functions quali- 
tatively like the adult kidney and is more than ade- 
quate to support functional development and growth 
of the infant following birth, at least within limits. 
These limits, however, are often exceeded by the 
demands imposed during the treatment of sick infants 
when most clinical decisions are made without con- 
cern for kidney function. Too often, perhaps, it is 
easier to fault the kidney because it is small rather 
than to understand the essence of its supporting role 
in health and disease. Failing to appreciate the unique 
responses of the neonatal kidney will, on occasion, 
compromise clinical decision making, especially when 
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prescribing fluid therapy? and drugs eliminated pri- 


marily by renal excretion. ®4 


Morphologic development 


The human metanephros is formed about the 5th 
week after conception, when the sequential branching 
ureteric bud contacts the caudal mesenchyma and 
induces glomerulogenesis. All glomeruli are con- 
tained within the cortex. The first ones formed 
occupy a juxtamedullary position and have the longest 
loops of Henle. The ureteric bud forms the collecting 
duct for each nephron and continues to branch in a 
centrifugal pattern until 20 weeks of gestation. New 
glomeruli are formed until 34-36 weeks after con- 
ception when each kidney will contain approximately 
one milion nephrons (Figure 21.1). When birth 
occurs prematurely, glomerulogenesis continues. But 
there is speculation that the total number of glomeruli 
at maturity may be deficient and contribute to mor- 
bidity, mainly hypertension and renal insufficiency in 
later life due to glomerular hyperfiltration.° Glomeru- 
lar filtration is evident after 8 weeks’ gestation, but the 
ureter may not be entirely patent until the 11th week. 
Ureteral obstruction is thought to provoke dilation of 
the proximal collecting system, the renal pelvis, and 
calices. The layers of smooth muscle and elastic fibers 
in the ureter are laid down after 36 weeks’ gestation 
and continue to form for 8 weeks after birth at term. 
If there is an essential role of the fetal kidney, it must 
be to contribute the majority of amniotic fluid after 
the first trimester of pregnancy. 


Physiologic adaptation at birth 


Body composition 


From the moment of conception, when the composi- 
tion of the fertilized ovum is 99% salt and water, 
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Figure 21.1 Developmental pattern of changes in creatinine clearance [glomerular filtration rate (GFR)] and the dis- 
appearance of the nephrogenic zone of the renal cortex compared with the conceptional age of human infants. 


(From Arant,’ with permission.) 


there is a gradual reduction in the relative body con- 
tent of water and minerals with age. While the total 
amounts of minerals and water provided by the pla- 
centa increase as the fetus grows, organs are formed 
and tissue growth occurs which incorporate these ele- 
ments into cytoplasm and extracellular matrix. The 
higher salt and water content of the fetus assures a rel- 
ative abundance of extracellular fluid, which decreases 
from 60% of body weight at the beginning of the last 
trimester to 40% at birth; extracellular fluid repre- 
sents only 20% of body weight in the adult.” There- 
fore, whether birth occurs before or at term, 
essentially all neonates have an expanded extracellular 
fluid volume that allows them to survive naturally 
without intake for a few days postnatally as the 
volume of the mother’s breast milk increases. Extra- 
cellular fluid volume expansion in the neonate influ- 
ences renal function just as it does in the adult. When 
birth occurs at term, the total body water content has 
been reduced to 75% and the sodium content has 
decreased from 120 mmol/kg body weight at 8 weeks 
after conception to 85 mmol/kg. During the first 
week of life, there is an additional reduction in the rel- 
ative body water and sodium content, mainly through 
urinary losses and, thus, extracellular fluid volume is 


reduced further. In premature infants, this abrupt 
reduction in total body water and sodium following 
birth is more pronounced and represents losses of up 
to 25% of body weight as water and 14 mmol/kg of 
sodium with no change in plasma sodium concentra- 
tion or blood pressure.?-!! 


Cardiovascular hemodynamics 


During fetal life, systemic vascular resistance is kept 
very low except in the pulmonary and renal circula- 
tions, where vascular resistance is high since neither 
organ contributes directly to the viability of the 
fetus. The explanation for the regulation of the dif- 
ferences in these specialized circulations may be the 
local formation of vasoactive substances that cause 
vascular smooth muscle to contract (angiotensin) or 
relax (prostaglandins and nitric oxide). Cardiac 
output in the fetus is high and varies only with heart 
rate since stroke volume is always at a maximum.!? 
Moreover, blood volume in the fetus and very 
preterm infant may be as high as 120 ml/kg body 
weight compared with 75 ml/kg in the adult.!? With 
both cardiac output and blood volume high, how can 
blood pressure be so low? Normal mean arterial pres- 
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sure for a preterm infant is only about 25 mmHg. 
The answer, therefore, must come from the balance 
of forces that regulate vascular resistance. There is an 
inverse relationship between blood volume and dias- 
tolic blood pressure in normal human  adults.!4 
Moreover, when fetal animals or preterm infants 
have their blood volumes expanded by colloid or 
whole blood, blood pressure does not increase and 
may actually decrease in some cases.!5-!© Even when 
the volume of blood in the placental circulation is 
transfused into the neonatal circulation, which could 
be up to 30 ml/kg, there is no sustained rise in the 
infant’s blood pressure or right atrial pressure.!” At 
birth, the placental circulation is interrupted, the 
lungs are expanded with the first breaths by the 
infant, and pulmonary vascular resistance decreases 
to allow oxygen transfer across the alveolus into the 
blood. Then, the ductus arteriosus closes when the 
oxygen tension in arterial blood has increased suffi- 
ciently to cause the specialized smooth muscle in that 
structure to constrict. Systemic vascular resistance 
and blood pressure in the neonate gradually increase 
over the first year of life to a maximum normal blood 
pressure of 104/58 mmHg (95th percentile for age 
and sex).!8 


Renal blood flow 


Renal blood flow (RBF) and its intrarenal distribu- 
tion have been the subject of many investigations. 
Few of these studies provided results that were repro- 
ducible or explanations which were entirely satisfac- 
tory. Whereas GFR can be measured easily by 
clearance methodology, the only technique for mea- 
suring RBF in human infants is still the clearance of 
para-aminohippurate (PAH). After concluding that 
RBF measured by PAH clearance was disproportion- 
ately low in newborn infants, which was part of the 
reason for misrepresentation of newborn kidney func- 
tion, it was later learned that the extraction of PAH 
by the newborn kidney was less than half that of the 
child or adult.!? When corrected for the PAH extrac- 
tion rate, RBF and the filtration fraction or the ratio 
of GFR:renal plasma flow was 0.20, the same as the 
normal value in the adult. 

RBE in the full-term infant increases from 290 
ml/min/1.73 m? at birth to 750 ml/min/1.73 m? by 8 
months of age.!?9 This increase in RBF occurs as 
renal vascular resistance (RVR) decreases. No actual 
measurements of RVR have been reported for human 
infants, even though calculations made using average 
blood pressure for age (Figure 21.2) provide the same 


pattern of developmental change as reported in the 
pig? and dog.”? 

There would appear to be a direct relationship 
between changes in RVR and the intracortical distri- 
bution of RBF during development. While it was 
once believed that there was a centrifugal redistribu- 
tion of blood flow within the renal cortex, the actual 
pattern of blood flow distribution follows the distrib- 
ution of functioning or filtering nephrons.*4 Studies 
that fostered the former notion were conducted in 
anesthetized animals following acute surgical prepara- 
tion, a situation known to alter total RBF and reduce 
outer cortical blood flow by activating the intrarenal 
renin-angiotensin system.?° More than half the 
glomeruli reside in the outer cortex at birth, and 
appropriately done studies have demonstrated a pre- 
dominance of blood flow distribution to this area.” 
Further growth of the kidney is achieved mainly by 
lengthening of proximal convoluted tubules, which 
are interposed between glomeruli. At maturity, the 
glomeruli are evenly distributed throughout the 
cortex and the blood flow to each cortical region is 
similar. 

Once it was thought that the kidney only 
responded to circulating hormones that affected its 
various functions. For instance, that renin, produced 
in juxtaglomerular cells and released from the kidney, 
acted on angiotensinogen made by the liver to syn- 
thesize angiotensin I. This, in turn, was acted on by 
angiotensin-converting enzyme (ACE) in the pul- 
monary circulation to release the vasoconstricting 
hormone angiotensin H (ANGII) into the arterial cir- 
culation. However, the intrarenal production of 
vasoactive substances is now well known. The kidney 
is capable of producing large quantities of ANGI on 
its own, as can isolated, bloodless glomeruli.?” Also, 
molecular studies have demonstrated mRNA for 
renin, angiotensinogen, and ACE. In micropuncture 
studies of the rat kidney, ANGI concentrations were 
found to be 1000-fold higher in efferent arteriolar 
blood and proximal tubular fluid than in the systemic 
circulation.?8 Moreover, the kidney and glomeruli 
contain the enzymes for synthesizing ANGI by path- 
ways other than ACE.?7 

What does the kidney do with all the ANGI it pro- 
duces? Both circulating levels of plasma ANGI and 
the urinary excretion of ANGII and its metabolites 
are increased in human and canine neonates.?? More- 
over, the pattern of change in the urinary excretion of 
ANGII parallels the change in RVR following birth. 
In addition to effecting resistance in the renal micro- 
circulation to regulate GFR, ANGII exerts a major 


316 Clinical pediatric urology 


0.25 


0.2 


LETA 
A 
0.15 
ai; 
0. 
0.0 
0 0.5 1 


= 


a 


jo} 


HE RVR (mmHg/mi/min/1.73 m°) 


” 7 4 
LT am Lay, 
| 
2 3 5 8 10 12 


Age (months) 


Figure 21.2 Decrease in renal vascular resistance (RVR) with the postnatal age of human infants born at term and 
studied during the first year of life. Renal blood flow was estimated from extraction-corrected clearances of PAH.19:20 
Age-related normal values for hematocrit and mean arterial pressure?! were used for calculations. 


influence over proximal tubular mechanisms, particu- 
larly sodium reabsorption.#° ANGI is rapidly metab- 
olized within the kidney because the high 
concentrations in arteriolar blood and proximal tubu- 
lar fluid are not found in either renal venous effluent 
or distal tubular fluid.28 Moreover, concentrations of 
ANGI in tissue-free incubation medium remain con- 
stant with time but decrease in the presence of iso- 
lated glomeruli.’” Very little ANGII can be measured 
in bladder urine, but its metabolites are more abun- 
dant. Finally, ANGII is an important growth factor 
that, in some way, may be critical to the morphologic 
development of the kidney. When ACE inhibitors are 
given to pregnant women, both the structure and 
function of the fetal and neonatal kidney are altered.*! 
In disease states, such as diabetic nephropathy, 
chronic glomerulonephritis, or chronic pyelonephri- 
tis, progressive renal scarring and deterioration of 


renal function can be slowed dramatically by inhibit- 
ing ANGI production or effects. This beneficial 
effect is mediated not only by lowering blood pres- 
sure and reducing glomerular hyperfiltration but also 
by reducing the deposition of collagen in diseased 
renal parenchyma. 

Vasoactive factors that oppose the vasoconstricting 
effects of ANGI include prostaglandins, particularly 
PGE, and prostacyclin, and nitric oxide. It is difficult 
to separate the vasodilating effects of one from the 
other. It may be that the prostaglandins are the medi- 
ators of nitric oxide production by the vascular 
endothelium, but the renal vascular and tubular 
responses to nitric oxide have not been studied in the 
developing kidney or newborn infant. Prostaglandins 
also mediate the effects of loop diuretics*” and reduce 
tubular responsiveness to arginine vasopressin.*? 
When an inhibitor of prostaglandin synthesis is 
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administered, therefore, the vasoconstrictor effect of 
ANGII is unmasked and RVR increases.#4 This is 
clinically apparent when a non-steroidal anti-inflam- 
matory drug (NSAID) is given to a patient whose 
endogenous ANGII synthesis is elevated, as in dehy- 
dration. If watched for, there will usually be an 
increase in blood pressure, a decrease in GFR, and 
oliguria or even anuria, which does not respond well 
to furosemide or fluid administration. The opposite is 
seen when an ACE inhibitor or AT-1 receptor blocker 
is given to someone whose endogenous synthesis of 
prostaglandins, particularly prostacyclin, is increased, 
as in the neonate or a patient with Bartter syndrome. 
This patient may become hypotensive and renal per- 
fusion pressure reduced. 

Catecholamines are produced in significant 
amounts in the fetus and newborn infant but their 
impact on RBF, except in hypovolemic states, is diffi- 
cult to demonstrate in clinical studies. Based on no 
appropriate data, the recommendation has been made 
for years that low doses (5 ug/kg/min) or ‘renal doses’ 
of dopamine be infused to treat infants with hypoten- 
sion or hypoperfusion. The benefit of such therapy 
was extrapolated from studies of adults in various 
shock-like states.*° Studies in healthy newborn ani- 


mals have not reported a consistent beneficial effect of 
a renal dose of dopamine.*° Although dopamine ther- 
apy may be associated with improved urine output 
and GER, the effect probably is mediated through an 
improvement in cardiac output or blood pressure 
that, in turn, improves RBF, GFR, and urine volume. 


Glomerular filtration rate 


GFR estimated in the human fetus as early as 20 
weeks’ gestation?” or measured at birth in minimally 
stressed infants from 24 weeks’ gestation*® has been 
reported to be around 0.2 ml/min, which is only about 
5 ml/min/1.73 m? and does not increase significantly 
above this level until a postconceptional age of 34 
weeks has been reached. This pattern of change has 
been measured and is identical whether the fetus 
remains in utero or continues its development after a 
premature birth*® (Figure 21.3). In other words, the 
infant born after 34 weeks’ gestation will exhibit a 
5-7-fold increase in GFR during the first week of life, 
but the preterm infant born at 26 weeks’ gestation will 
have no appreciable increase in GFR for 8 weeks. A 
similar developmental change in GFR has been 
reported to occur in every mammalian species studied. 
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Figure 21.3 Creatinine clearance [glomerular filtration rate (GFR)] compared with conceptional age of infants from 
birth. Studies performed within 48 h of birth; ®, studies done at weekly intervals following birth; @, regression analy- 
sis confirmed a non-linear relationship expressed best as an exponential equation. (From Engle and Arant,?9 with 


permission.) 
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The average GFR in the normal adult is 125 ml/min, 
which is achieved during adolescence when the aver- 
age adult body surface area is 1.73 m?. After 6 months 
of age, however, the absolute value for GFR (ml/min) 
can be corrected for a body surface area of 1.73 m? in 
any infant or child and compared, more conveniently, 
to the mature value of about 125 ml/min/1.73 m?.! 

Following some, as yet unidentified, biologic 
signal, RVR rapidly decreases and GFR increases 
close to the time when nephrogenesis is completed 
which, in the human, is at 34-36 weeks?®3? (see 
Figure 21.1). This developmental phenomenon is 
mediated through changes in RVR and, probably, by 
changes in the intrarenal production of vasoactive 
substances such as ANGII, prostaglandins, and nitric 
oxide. Therefore, any treatment that alters the synthe- 
sis of these substances can change the developmental 
pattern, at least temporarily. For instance, a preterm 
neonate given indomethacin to effect closure of a 
patent ductus arteriosus will have a decreased GFR*° 
and may have an impaired ability to increase GFR 
until the pharmacologic effects of the drug have 
diminished. Even more dramatic are the structural 
changes in the renal parenchyma, acute renal failure, 
and refractory hypotension seen in neonates whose 
mothers took drugs which interfered with production 
of angiotensin I-ACE fetopathy.*! 

GFR in the infant can be measured directly by a 
clearance technique that requires a timed urine collec- 
tion and one or more blood samples, using either 
endogenous creatinine or an exogenous marker such 
as inulin or iothalamate, infused intravenously. Both 
timed urine collections and multiple blood samples 
are difficult to obtain in neonates. While many have 
turned to radioisotopic techniques to estimate GFR 
in adults, there are no normal data published for 
infants. Nuclear medicine studies often report the 
fraction of total uptake by the left or right kidney and 
interpret the result as a percentage of total kidney 
function, but this methodology provides no actual 
estimate of GFR. 

Perhaps the most clinically useful estimate of GFR 
in neonates is a serial change in serum creatinine con- 
centration compared with the pattern of change with 
postconceptional age expected for a normal infant. 
The newborn infant’s serum creatinine concentration 
is nearly identical to maternal values, even if the 
infant’s kidneys do not function at all.4%43 GFR in 
infants born after 34 weeks’ gestation should be 
expected to increase greatly, and serum creatinine con- 
centration will be reduced by 50% during the first week of 
life** (Figure 21.4). In contrast, the infant born 


before 34 weeks’ gestation is not expected to decrease 
the serum creatinine concentration until a postcon- 
ceptional age of 34 weeks has been achieved because 
the tightly controlled GFR is sufficient only to excrete 
the creatinine produced each day by the infant, i.e. 8 
mg/kg/day;* the creatinine accumulated during fetal 
life and distributed in total body water cannot be 
reduced appreciably before GFR increases at around 
34 weeks after conception. The normal serum creati- 
nine concentration should be <0.4 mg/dl by the end 
of the first month of life in infants born at term, but 
preterm infants may not reach this level until 3 
months of aget? (see Figure 21.4). Thereafter, a dou- 
bling of serum creatinine concentration reflects a 
reduction in GFR by 50%. 

It may be easier to estimate GFR from serum crea- 
tinine concentration and the infant’s length, which, 
when factored with a constant number (K), can pro- 
vide a reasonable assessment of GFR. The formula 
derived by Schwartz et al is: 


K x length (m) 
serum creatinine (mg/dl) 


GFR (ml/min/1.73 m?) = 


where the value for K is 0.45 for full-term infants* 
and 0.35 for preterm infants.4¢ 


Urinary volume 


It is usual for every normal neonate, regardless of ges- 
tational age, to void some amount of urine, if not 
during delivery, which sometimes goes unrecognized, 
then, by 24 hours of age. Premature infants usually 
void more often and in larger volumes relative to 
body weight (ml/kg/h) and GFR when compared 
with infants born at term> (Figure 21.5). For 
instance, in the first days following birth, the very 
small preterm infant will normally excrete about 10% 
of the volume of water filtered by the glomerulus 
when compared with 3% in the full-term infant and 
only 1% in the adult. One explanation for this differ- 
ence is that the preterm infant has more extracellular 
fluid to excrete following birth than does the full-term 
infant, whose additional time in utero permitted the 
extracelluar fluid volume to be reduced before birth. 
The only way for the normal adult kidney to excrete 
10% of glomerular filtrate in the urine is after massive 
saline expansion of the extracellular fluid volume. 
The typical pattern of urinary volume in the full- 
term infant includes one to four voidings over the first 
48 hours of life, with each subsequent voiding being 
somewhat smaller in volume than the last and with a 


higher specific gravity or osmolarity. When fed, urine 
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Figure 21.4 Plasma creatinine concentration measured at birth (upper panel) and during postnatal life (lower panel) 
compared with the conceptional age of infants. (From Arant,*? with permission.) 


production in the infant increases and the volume 
becomes larger and the urine less concentrated. 
Preterm infants, in contrast, void more frequently, 
with urine production usually being 3-7 ml/kg/hour 
during the first days of life. This urine is either iso- 
tonic or hypotonic to plasma despite a loss in body 
weight and reduction in extracellular fluid volume. 
The continued production of dilute urine depends on 
the volume of fluids provided to the infant and the 
insensible water losses experienced. Both premature 


and full-term infants are capable of concentrating 
their urines to a specific gravity > 1.020 or an osmo- 
larity of 700 mOsm/kg? once extracellular fluid 
volume has been reduced sufficiently to stimulate the 
baroreceptor-mediated release of arginine vasopressin 
from the hypothalamus. Markers for the end of the 
postnatal diuresis in a normal infant, regardless of 
maturity, are a reduction in the frequency and volume 
of urine excreted, increase in urinary osmolarity, and 
stabilization of the infants body weight. If parenteral 
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Figure 21.5 Fractional excretion of water [urine flow rate/glomerular filtration rate (GFR)] compared with gestational 
age of infants on the first day of life. (From Arant,’ with permission.) 


fluid therapy is overly aggressive, the expanded extra- 
cellular fluid volume characteristic of the fetus will 
result in a continued natriuresis and diuresis in the 
neonate." Infants born with urologic disease, such as 
renal dysplasia or obstructive uropathy, may become 
dehydrated and hemodynamically unstable, since the 
ability to conserve sodium and concentrate the urine 
is almost certainly impaired. 

In general, clinicians are comfortable when urine 
volume is >] ml/kg/h, which corresponds to the urine 
volume of ~1500 ml/24 h in the adult. Just as one 
would be satisfied with slightly less urine in the adult, 
less urine is also acceptable in the healthy neonate. 
Urinary volume should never be interpreted alone, 
and the specific gravity or osmolarity must be consid- 
ered as well. In the normal patient, neonate, or adult, 
there is an inverse relationship between urinary 
volume and urinary concentration. When urine 
volume changes, up or down, without a reciprocal 
change in concentration, an abnormal urinary tract, 
kidneys, or collecting system should be suspected. 


Tubular handling of sodium 


Perhaps more confusing than any other function of 
the neonatal kidney is its handling of sodium (Na). In 


the earliest reported studies, mature and premature 
human neonates could not excrete an NaCl load as 
well as an adult.47#8 When studies of preterm infants 
were performed in neonatal intensive care units, renal 
Na wasting was often observed even in the face of 
hyponatremia.4? One would think, ordinarily, that 
functional immaturity would be characterized first by 
a limited capacity of the growing renal tubule to reab- 
sorb the Na filtered by the glomerulus. With matura- 
tion, the tubule would be able to reabsorb more. For 
many years, studies in both human infants and animal 
models held to this notion that preterm infants could 
not conserve sodium and full-term infants could not 
excrete it. The provision of Na in parenteral fluids and 
diet for preterm infants was decided on this basis. 
Then, several clinical studies were done in which the 
preterm infants were allowed to undergo postnatal 
diuresis and graduated weight loss. These infants 
maintained Na balance quite appropriately and very 
much like the adult.5°5! In addition, preterm infants 
weighing <1000 g were given no Na in their fluids 
and only enough water to prevent the extracellular 
fluid from becoming hypertonic. Despite a negative 
Na balance from urinary losses, these very preterm 
infants were able to maintain a normal plasma Na 
concentration for the first week of life. One cannot 
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separate the renal handling of Na from changes in 
effective arterial blood volume (EABV), i.e. the com- 
bined simultaneous effects of blood pressure and 
blood volume. When baroreceptors in the renal circu- 
lation perceive an increased EABV, whether from an 
increase in blood volume or blood pressure, the 
mature kidney responds by an increase in the renal 
excretion of Na and water, which is facilitated by the 
inhibition of the release of both renin and arginine 
vasopressin." 

One cannot completely evaluate kidney function in 
the newborn infant without calculating the fractional 
excretion of Na (FENa): 


urinary Na (mmol/L) x 
serum creatinine (mg/dl) 
plasma Na (mmol/L) x 
urine creatinine (mg/dl) 


FENa(%) = x 100 


The result is a reliable indicator of the overall renal 
tubular handling of Na. FENa is <1% in the normal 
adult but can rise with an increase in EABV, by tubu- 
lar injury as with diuretics, obstruction or renal dis- 
ease, or by any maneuver that increases the fractional 
excretion of water (V/GFR) such as fluid overload." 
When the kidney is maximally conserving the circu- 
lating blood volume, as in hypovolemic shock, dehy- 
dration, or congestive heart failure, oliguria is usual, 
V/GFR is <1%, the urinary concentration is maxi- 
mal, and the FENa is much less than 1%, often only 
0.1%. This would be true even if the patient had a 
positive Na balance and were hypernatremic. The 
status of the EABV overrides any signaling from 
body fluid osmolarity. The renal tubular handling of 
Na is related directly to V/GFR rather than to the 
variations in the maturity of the infant or its 
kidney.552 


Acid-base balance 


Unless demand becomes overwhelming, the neonatal 
kidney is capable of reabsorbing bicarbonate filtered 
by the glomerulus and secreting hydrogen ions or 
protons in a normal or mature fashion (80 mEq/ 
1.73 m?/day).°* Most of the acidemia measured in 
preterm infants can be accounted for by respiratory 
acidosis. The relative metabolic acidosis in the 
neonate is implied when arterial blood gas (ABG) 
measurement reports a significant base deficit, often 
calculated on the assumption that the hemoglobin is 
12 g/dl, which is inappropriate in the neonate whose 
hemoglobin may be 218 g/dl. The normal plasma 
bicarbonate or serum total CO, in newborn infants is 


13-17 mmol/L in preterm infants and 19-21 mmol/L 
in full-term infants.5* If the measured or calculated 
bicarbonate in arterial blood is subtracted inappropri- 
ately from the ‘normal’ plasma bicarbonate of the 
adult (28-30 mmol/L), as done customarily in ABG 
reports, the neonate will always have a ‘base deficit’. 
Moreover, a mild hyperchloremia (plasma chloride 
concentration 103-110 mmol/L) is usually observed 
in normal neonates. The increased EABV results in a 
decrease in reabsorption of nearly all substances pre- 
sented to the proximal tubule: not just Na and chlo- 
ride, but also bicarbonate. Once the infants 
extracellular fluid excess has been reduced following 
birth, proximal tubular reabsorption increases, the 
renal threshold for bicarbonate increases, and the so- 
called metabolic acidosis disappears. 

One should have very good basis for treating meta- 
bolic acidosis in the neonate, and more than an ABG 
report. When the metabolic acidosis proves real, a 
reduction in renal glomerular or tubular function 
should be considered along with tissue hypoxia, espe- 
cially if the anion gap is abnormal. Metabolic acidosis 
is common in urologic diseases identified in neonates. 
Distal tubular injury from obstruction or infection 
impairs the ability of that part of the nephron to 
secrete hydrogen ions and potassium. The metabolic 
acidosis and hyperkalemia in such infants suggest a 
tubular unresponsiveness to aldosterone or pseudohy- 
poaldosteronism. 

Renal tubular acidosis is an uncommon condition 
in newborn infants and should be considered only 
after the infant has been shown to have a metabolic 
acidosis, i.e. arterial blood pH <7.35 and hyper- 
chloremia, and the urinary anion gap is positive (uri- 
nary Na concentration + urinary potassium 
concentration > urinary chloride concentration). 
Most so-called renal tubular acidosis in infants is a 
complication of diarrheal disease with the intestinal 
loss of bicarbonate: the urine pH is always <6.0 in 
these patients and the urinary anion gap is negative. 


Hypertension 


The incidence of hypertension in the first year of life 
is unknown. It is probably <2% in healthy infants, 
although obviously higher in infants with genitouri- 
nary abnormalities. There is a reluctance by most 
healthcare providers to attempt to record blood pres- 
sure. First, there is the technical difficulty in taking 
the blood pressure correctly and under reproducible 
conditions. Most physicians do not maintain a com- 
plete assortment of cuff sizes in their offices and the 
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size of the cuff influences the blood pressure reading 
significantly. The smaller the cuff, the higher the 
blood pressure. For the most accurate reading, 
the width of the cuff should cover more than 50% 
of the length of the humerus when the blood pressure 
is recorded in the upper extremity. Even if the infant 
is calm or sleeping, the effect of feeding and position- 
ing has been shown to elevate the blood pressure 
above normal. Secondly, very few clinicians know 
how to interpret the blood pressure readings in 
infants unless very high readings are obtained (>95th 
percentile for age, gender, and length).!® Conse- 
quently, it is the practice even in some tertiary pedi- 
atric facilities not to routinely record blood pressures 
on patients <3 years old. 

If an elevated blood pressure is noted, the possible 
causes in the first year of life are few in number.’ The 
most common etiology is due to a complication of an 
umbilical artery catheter, either from a thrombus that 
forms on the tip of the catheter and embolizes into 
the renal artery, or from an aortic wall thrombus at or 
above the renal arteries that propagates to occlude 
one or both renal arteries. These complications 
became uncommon when care was taken to keep 
catheter tips below the renal artery ostia, but there is 
now a more widespread practice of high catheter 
placement, especially in very small babies. It is likely, 
therefore, that the incidence of hypertension will once 
again increase in this group of neonates. Relative 
renal ischemia or actual cortical necrosis will be asso- 
ciated with severe hypertension and heart failure. The 
second cause of hypertension in the first year of life is 
autosomal recessive polycystic kidney disease. In most 
cases, the cystic kidneys have been identified by fetal 
ultrasonography or confirmed when enlarged and 
irregularly shaped kidneys are detected by abdominal 
palpation. Neurofibromatosis is almost the only cause 
of renal artery stenosis in the first year of life that leads 
to hypertension. It is unusual to find hypertension as 
a consequence of most other developmental abnor- 
malities of the urinary tract. Hypertension is observed 
sometimes in premature infants who have suffered 
from barotraumas and have bronchopulmonary dys- 
plasia, especially if they are being treated with corti- 
costeroids. Catecholamine-producing tissues, such as 
pheochromocytoma and neuroblastoma, are rare 
causes of hypertension in infants. 


Fluid therapy in the neonate 


The general principle of fluid therapy in neonates is to 
restrict the volume of fluid given each day to less than 


the recommended maintenance volume (~100 ml/ 
kg/day) until the infant has lost 5-15% of birth 
weight gradually, usually during the first 3-5 days of 
life. Premature infants will lose proportionally more 
weight than full-term infants. Once postnatal body 
weight has become constant, the urine flow rate 
slowed, and the urine concentration increased, the 
normal infant up to 10 kg body weight should receive 
about 100 ml/kg/day of water either by mouth, or 
parenterally when oral intake is not recommended. 
This amount represents the sum of insensible water 
losses (sweat, respiration, and gastrointestinal losses), 
which are approximately 30 ml/kg/day, and urine 
volume, usually about 70 ml/kg/day. Larger patients 
require less fluid per kilogram body weight to main- 
tain total body water normal because of a decreasing 
caloric expenditure: 50 ml/kg/day for each kilogram 
between 11 and 20 kg and 20 ml/kg for each kilo- 
gram over 20 kg. Any condition that alters either 
insensible water losses or urine production must 
prompt a change in the volume of fluids adminis- 
tered; otherwise, dehydration or fluid overload is 
risked. After the immediate newborn period, infants 
will not tolerate long intervals of fluid deprivation 
without exhibiting signs of dehydration. Preopera- 
tively, parenteral fluid therapy should be instituted 
when oral intake is discontinued. 

There is only a very rare indication in pediatrics for 
using water or dextrose in water alone for parenteral 
fluid therapy. This is especially true in infants in 
whom water intoxication, hyponatremia, cerebral 
edema, and nervous system injury quickly follow the 
inappropriate administration of water without elec- 
trolytes. The exception will be the neonate whose 
insensible water losses in the first days of life only are 
replaced with 5-10% dextrose in water. Central dia- 
betes insipidus is the only other clinical condition that 
calls for the administration of water without more 
electrolytes than needed to maintain the patient. To 
the calculated volume of water necessary for the infant 
or child, 1-3 mmol/kg/day of sodium, potassium, and 
chloride should be added.56 This quantity of elec- 
trolytes is required for an expanding extracellular 
matrix and cellular proliferation to facilitate rapid 
somatic growth. The faster the rate of growth, the 
more electrolyte is needed. Recent controversy has 
included the notion that maintenance parenteral fluid 
therapy in hospitalized children should be only 
normal saline to prevent the occurrence and risks of 
acute hyponatremia. This argument has no merit for 
patients who are not at risk of developing syndrome 
of inappropriate antidiuretic hormone (SIADH) or 
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renal salt wasting. Calories must be provided daily to 
the infant or child. One cannot rely on a 5% dextrose 
solution, which, at best, affords only 20 kcal/kg/day 
when at least 65 kcal/kg/day is required to avoid 
catabolism in the patient. For the patient not expected 
to take oral feedings for more than 24 hours, consid- 
eration should be given to peripheral alimentation 
with up to 12.5% dextrose, essential amino acids 
(1 g/kg/day) and intralipid solution (1-3 g/kg/day).57 


Summary 


The greatest obstacle to understanding neonatal 
kidney function is not knowing which reported obser- 
vation is or has remained valid. Without criticism, 
many statements are made and referenced in review 
articles and textbooks that perpetuate myths of so- 
called clinical experience and physiologic study. When 
one understands the normal physiologic responses of 
the adult or mature kidney, then a nearly complete 
appreciation of the fetal and neonatal kidney is within 
reach. The neonatal kidney functions qualitatively like 
the adult kidney, and its limitations come when 
unusual demands are made on it by stress, disease, or 
treatment. 


Key Points 


E A normal preterm infant may lose up to 25% of its 
birth weight and 14 mmol/kg of sodium during 
the first week of life and maintain serum sodium 
concentrations within the normal range. 

E Angiotensin II is an important growth factor in the 
kidney and has an important role in regulating 
renal vascular resistance during development. 

E Glomerular filtration rate remains relatively low in 
newborn infants until nephrogenesis is completed 
between 34-36 weeks after conception. 

E Serum creatinine concentration at birth in the 
normal infant is nearly identical to the mother’s 
serum creatinine concentration and in those born 
234 weeks gestation is reduced by 50% by the end 
of the first week of life. 

E All normal newborn infants are capable of concen- 
trating their urines to a specific gravity >1.020 or 
osmolality >700 mOsm/L. 

E Urinary volume is only a qualitative estimate of 
overall renal function and may be misleading in the 
presence of obstructive renal injury 
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Cystic kidney disease 


Larry Greenbaum 


Introduction 


Cyst formation is seen in a variety of kidney diseases 
(Table 22.1). Many of these diseases are genetically 
inherited, and many are associated with extrarenal 
manifestations. They are generally relatively rare dis- 
eases, although a few are common enough to cause 
considerable pediatric morbidity and mortality. Auto- 
somal dominant polycystic kidney disease (ADPKD) 
is actually one of the most common human genetic 
diseases, but its manifestations are usually fairly subtle 
in pediatric patients. It does cause considerable mor- 
bidity for adults, and it is likely that future therapy of 
this disease will focus on the pediatric patient. 


Table 22.1 Cystic kidney diseases 


22 


The last decade has witnessed considerable 
advances in our understanding of cystic kidney dis- 
eases. The defective gene or genes have been cloned in 
a number of these diseases, and this has led to 
increased understanding of pathogenesis and clarified 
some important clinical issues. Such genetic studies 
have also provided opportunities for improved prena- 
tal and postnatal diagnosis. Increased awareness and 
understanding of ADPKD has been associated with 
increased evaluation of asymptomatic children with 
ADPKD. In the long term, this has the potential of 
identifying a group that may benefit from early med- 
ical intervention. In the short term, this has created 
patient anxiety and diagnostic questions that are more 
related to medical insurance than patient care. 

Identification of genes and proteins that are defec- 
tive in the inherited cystic diseases has led to the dis- 
covery that most of these proteins are expressed in the 
primary cilium of renal epithelial cells.'? This sug- 
gests that there may be a common pathway for cyst 
formation, potentially related to the role of primary 
cilia in signal transduction.3# 


Autosomal recessive polycystic kidney 
disease 


The incidence of autosomal recessive polycystic kidney 
disease (ARPKD) has been estimated to be from 1 in 
6000 to 1 in 55 000.56 Since ADPKD can present in 
infancy and ARPKD can present in young adults, the 
designation ARPKD is more precise than the term 
‘infantile polycystic kidney disease.’ Both the liver and 
kidneys are affected in ARPKD, with significant vari- 
ability in severity between patients. Clinically, the prog- 
nosis for patients with ARPKD continues to improve. 


Genetics 


ARPKD is a classic recessively inherited disorder, 
with unaffected heterozygote parents and a 25% risk 
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Figure 22.1 (a) Subcapsular surface of an autosomal recessive polycystic kidney from a neonate. Innumerable small 
cysts can be seen beneath the capsule. (b) Cross-section of the same kidney. The radial arrangement of the dilated 


ducts can be seen. 


of an affected child in subsequent pregnancies. All 
cases of ARPKD are due to a mutation in the poly- 
cystic kidney and hepatic disease 1 (PKHD1) gene, 
which encodes the protein fibrocystin (also called 
polyductin).”8 

There is a correlation between the type of mutation 
and the clinical presentation. Infants with two trun- 
cating mutations typically die as neonates, whereas 
the clinical presentation varies in children with at least 
one missense mutation.?:!° In general, the severity of 
ARPKD is similar among children within the same 
family, but there are examples of families where sib- 
lings have very different clinical manifestations. 1013 


Pathology 


The kidneys are enlarged bilaterally. This enlargement 
is usually fairly symmetrical, and the kidneys retain 
their reniform shape. Careful examination of the 
kidney capsule will often reveal opalescent dots, 
which are due to the termini of dilated collecting 
ducts below the kidney capsule (Figure 22.1). 
Grossly, the kidneys have a spongy appearance 
because of the cystic dilations of the collecting 
ducts.!4 Large cysts are unusual in infancy, although 


there is a gradual increase in cyst size over time.!> The 
microscopic appearance is dominated by the dilated 
collecting ducts, which are perpendicular to the 
kidney surface (Figure 22.2). The cysts are lined with 
a normal-appearing single layer of cuboidal or colum- 
nar epithelium.!+ The glomeruli often appear normal 
in newborns. Over time there is increased interstitial 
fibrosis and glomerular sclerosis. 

These patients have the typical features of congeni- 
tal hepatic fibrosis.!° There is proliferation and dila- 
tion of bile ducts and fibrosis of portal tracts. The 
distal portal veins are small, providing a microscopic 
explanation for the presence of portal hypertension. 
The absence of hepatocyte destruction correlates with 
the preservation of liver function.!7 


Clinical features 


There is significant variability in the clinical features 
of ARPKD (Table 22.2). The majority of patients 
present during the first year of life, with a significant 
percentage presenting during the first month of 
life.15-18-20 The most severely affected neonates can 
have some degree of Potter’s syndrome due to oligo- 
hydramnios. Along with abnormal facies and joint 
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Figure 22.2 Low-power view of the cortex from an 
autosomal recessive polycystic kidney. Note the 
arrangement of dilated ducts, which are perpendicu- 
larly oriented to the capsule. (Hematoxylin and eosin, 
original magnification x8.) 


Table 22.2 Presenting complaints in ARPKD 


Respiratory distress 
Enlarged kidneys 
Renal failure 
Abnormal prenatal ultrasound 
Hypertension 
Pyuria 

Proteinuria 

Failure to thrive 
Disease in a sibling 
Hepatomegaly 
Esophageal varices 


deformities, these children have respiratory compro- 
mise due to pulmonary hypoplasia. Volume overload 
from renal failure and poor diaphragm function sec- 
ondary to the enlarged kidneys can also impair respi- 
ratory function. Respiratory failure is thus fairly 
common in neonates.15-18-20 The importance of the 
mass effect of the enlarged kidneys has been con- 
firmed by demonstrating improvement in respiratory 


function following unilateral nephrectomy.?! Pneu- 
mothoraces are probably related to the hypoplasia and 
the high ventilatory settings that these infants require. 
Death due to respiratory failure can occur in the first 
few days of life.18 

The kidneys in ARPKD are typically large at birth 
and often increase in size. This causes abdominal dis- 
tention on physical examination, but also has addi- 
tional important secondary consequences. By limiting 
diaphragm mobility, respiratory function is compro- 
mised, adding to the problems described above. In 
addition, the enlarged kidneys may impair gastric 
feeding?! and patient mobility. It is important to 
note, however, that the kidney size can become less 
impressive over time in some patients, especially those 
that are receiving chronic dialysis. !5.?? 

Chronic renal failure and, ultimately, end-stage 
renal disease (ESRD) is the usual outcome in 
ARPKD. Kidney failure may be present at birth,!5?° 
although it more typically develops gradually, with 
most children who survive the neonatal period not 
progressing to ESRD until later in childhood or even 
as young adults.?”?% Many patients have some 
improvement in renal function during the first year of 
life, followed by a period of stabilization and subse- 
quent decline.?4?5 This is probably secondary to the 
normal maturation of kidney function. More aggres- 
sive therapy in the newborn period might theoretically 
select for patients with more severe renal involvement, 
although neonatal presentation is not necessarily a 
marker for earlier progression to ESRD.”? 

Chronic renal failure, especially untreated, is a 
potential cause of growth retardation. In addition, 
poor food intake, both due to renal failure and 
abdominal distention, may cause malnutrition. Not 
surprisingly, growth retardation is quite common in 
ARPKD,}576 and some children have severe growth 
retardation without a clear etiology.”? 

Hypertension is very common, probably due to 
fluid overload. The role of kidney renin production is 
not clear, with two studies failing to demonstrate 
increased renin or aldosterone levels.!822 Anywhere 
from 65-78% of patients require antihypertensive 
therapy. 18.20.22,25 The hypertension can be quite 
severe, causing severe morbidity?” and even 
death.1822 Hypertension gradually diminishes in 
some children, and this may permit weaning of anti- 
hypertensive medications.?” 

There is an increased incidence of urinary tract infec- 
tions;°.?8 this may be related to vesicoureteral reflux 
(VUR) and catheterization,” and is more common in 
girls.26?8 However, pyuria is often present in the 
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absence of infection;!> it appears to be less common in 
older children.?? Proteinuria may be detected, often 
intermittently,”° but it is not of sufficient magnitude to 
cause clinical problems. Gross hematuria is quite 
uncommon, but has been reported.?2 

Patients can have the typical electrolyte distur- 
bances associated with renal failure, such as hyper- 
kalemia and hyperphosphatemia. Acidosis develops 
with significant renal failure, but may be present ear- 
lier due to impairment in tubular acid excretion.??-30 
Patients almost always have a decreased ability to con- 
centrate their urine,?9,22,39 and thus are at risk for 
dehydration and nocturnal enuresis. There is an 
increased risk of hyponatremia, which, when it 
occurs, is most common in infants.!828 

Portal hypertension due to congenital hepatic fibrosis 
leads to a number of complications. The liver may be 
enlarged and spider nevi are 
ble.20.22,26,29.31 Splenomegaly was present in 47% of 
patients over 3 months of age in one series,!® and this 
increased to 60% in children over 1 year of age.?? This 
can be associated with anemia and thrombocytope- 
nia.?”#! Esophageal varices can lead to problems with 


sometimes visi- 


hematemesis*!*? and variceal rupture can be fatal. 18:20.22 
Dilated biliary ducts predispose children with ARPKD 
to develop cholangitis.?°3! This can occur in the neona- 
tal period, and it has been fatal in some children.?° Hepa- 
tocyte damage does not occur and synthetic function 
remains normal,?!;*? although mild abnormalities in liver 
enzymes are occasionally detected.?°° 

Some patients initially have predominant liver 
involvement,°?! with kidney abnormalities discov- 
ered as an incidental radiographic finding. In fact, 
there are some adults diagnosed with congenital 
hepatic fibrosis or Caroli’s disease who have muta- 
tions in the PKHD1 gene.*? Other children have both 
severe liver and kidney disease at an early age.” The 
hypothesis that severe liver disease predicts minimal 
renal involvement* is no longer accepted, 16 

It is possible that additional clinical features of 
ARPKD may be discovered as patients survive further 
into adulthood. For example, intracranial aneurysms 
were described in a 3l-year-old patient with 
ARPKD.*> Although only a case report, this is espe- 
cially intriguing given the presence of intracranial 
aneurysms in ADPKD.*6 


Radiologic features 


An intravenous pyelogram (IVP) shows enlarged kid- 
neys with a delayed nephrogram (Figure 22.3).3738 
Radial streaks due to contrast in the dilated collecting 


Figure 22.3 IVP from a 2-day-old girl with ARPKD. Note 
the sunray appearance of the contrast material and the 
enormous renal size. 


ducts are usually present in infancy, but may not be 
visible in older children.!? Because of concerns 
regarding intravenous contrast, a renal ultrasound is 
now the usual front-line diagnostic test. Ultrasound 
shows enlarged kidneys with increased echogenicity 
and poor corticomedullary differentiation (Figure 
22.4);3949 a hypoechoic rim is often visible.4! Older 


Figure 22.4 Renal ultrasound of a newborn with 
ARPKD. The kidney is enlarged, with increased 
echogenicity. A hypoechoic rim is visible. (Courtesy of 
Dr J Sty, Children’s Hospital of Wisconsin.) 
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Figure 22.5 High-resolution renal ultrasound of the 
same patient shown in Figure 22.4. With high resolu- 
tion, cysts are seen and the hypoechoic rim is still vis- 
ible. (Courtesy of Dr J Sty, Children’s Hospital of 
Wisconsin.) 


children have increased medullary echogenicity, 
which may resemble nephrocalcinosis.2?_ Multiple 
small cysts may be visible by ultrasound,??*° but this 
is quite variable (Figure 22.5). Macrocysts are some- 
times visible in older children.35-39,40,42 

Ultrasound detects liver abnormalities in approxi- 
mately 50% of patients.?78 It is often possible to 
detect dilations of the peripheral intrahepatic biliary 
ducts and the principal biliary duct. There may also be 


evidence of portal hypertension.” 


Diagnosis 


A large percentage of children are now diagnosed 
from an abnormal prenatal ultrasound.?® The pres- 
ence of bilaterally enlarged kidneys during the first 
few years of life is suggestive of ARPKD. The radio- 
logic features, as detailed above, can be helpful, but 
are not always conclusive. This is especially true in 
older patients with ARPKD, since cysts may have 
enlarged and thus resemble those seen in ADPKD.** 
It is important to investigate the family history; the 
presence of a sibling with ARPKD is obviously highly 
suggestive. Consideration must be given to an early 
presentation of ADPKD, and therefore it is now 
common to augment the family history with renal 
ultrasounds of the parents, and possibly the grand- 
parents if the parents are young, to rule out this pos- 
sibility. In one study, 6.7% of the patients with 
neonatally lethal polycystic kidney disease had 
ADPKD.” For inconclusive cases, histologic exami- 
nation of the liver is useful. Congenital hepatic fibro- 
sis is always present in ARPKD and is extremely rare 
in ADPKD.*3* Liver ultrasound may also demon- 
strate hepatic disease.?2 Kidney biopsy is rarely per- 


formed because of concerns regarding the safety of 
the procedure in these children. In the histologic eval- 
uation of the kidney, the absence of glomerular cysts 
supports a diagnosis of ARPKD. 

Genetic diagnosis, which is not yet commercially 
available, is challenging because the PKDHI gene is 
extremely large and complex, and the known muta- 
tions are quite heterogeneous.!33 Mutations are 
more likely to be detected in children with severe 
ARPKD than in children with moderate disease. 10-33 
Linkage analysis improves the diagnostic yield if there 
is an affected sibling. 

Nephroblastomatosis and bilateral Wilms’ tumor 
are part of the differential diagnosis of bilaterally 
enlarged kidneys. Transient nephromegaly of the 
newborn can be confused with ARPKD,* but this 
resolves relatively quickly. A variety of other diseases 
with renal involvement can also have hepatic manifes- 
tations. These include Meckel’s syndrome,*” juvenile 
nephronophthisis,#* Ivemark’s syndrome,*? Jeune’s 
syndrome,°? COACH syndrome,*! and Bardet-Biedl 
syndrome. "5? 


Prenatal diagnosis 


Prenatal ultrasound often detects abnormalities in a 
fetus with ARPKD.653-58 The kidneys may be hyper- 
echoic®> and increased in size.5®58 Serial ultrasound 
showing inappropriate increases in kidney length 
improves diagnostic reliability.” In addition, some 
fetuses have oligohydramnios. However, a precise 
diagnosis is often impossible prenatally given the limits 
of current imaging and alternative diagnostic possibili- 
ties. Naturally, in a family with a previous child who 
has ARPKD, the clinical likelihood of this diagnosis is 
increased. Unfortunately, there have been cases of both 
false-positive and false-negative diagnoses.555? False 
positives are especially likely in a fetus without a family 
history of ARPKD or if oligohydramnios is not pre- 
sent." Conversely, in a family at risk, a normal prena- 
tal ultrasound, especially before the third trimester, 
should not be used to predict an unaffected 
child.!358- Fetal magnetic resonance imaginary 
(MRI) has also been used to diagnose ARPKD.* 

As stated previously, mutation screening is difficult, 
not commercially available, and currently not close to 
100% sensitive. 10-33 Linkage analysis can determine if 
a fetus has ARPKD in families with a previously 
affected child.#° This analysis requires preservation of 
DNA from the previous child. Such analysis is cur- 
rently not commercially available, but can be per- 
formed at research laboratories in Europe and the 
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United States.°? The clinical course of a previously 
affected child does not always predict the severity of 
the ARPKD in a subsequent child. 13-18 Parents clearly 
need genetic counseling regarding this possibility. 
Supplementing linkage analysis with prenatal imaging 
studies could theoretically aid in this discussion, but it 
is especially difficult to make outcome predictions 
based on the fetal ultrasound.13 


Treatment 


The initial management of respiratory distress is quite 
challenging. In the past, many of these children were 
presumed to have pulmonary hypoplasia, and thus 
therapy was limited. It is now clear that other factors 
contribute to the respiratory insufficiency. Both uni- 
lateral and bilateral nephrectomies, by decreasing the 
effect of abdominal distention, have been successfully 
used to improve respiratory function and allow chil- 
dren to wean from respiratory support.?!63 Although 
providing a less dramatic decrease in abdominal dis- 
tention, unilateral nephrectomy can be done without 
forcing the patient to undergo dialysis.?+ It is impor- 
tant to evaluate relative renal function before proceed- 
ing with a unilateral nephrectomy, lest the remaining 
kidney have limited function. Bilateral nephrectomies 
require that a peritoneal dialysis catheter be placed 
simultaneously; it is therefore recommended that the 
kidneys be removed extraperitoneally, with meticulous 
attention to the peritoneal membrane.°? 

Reversible causes of respiratory insufficiency, such 
as volume overload, persistent fetal circulation, hya- 
line membrane disease, infection, and pneumotho- 
races, should be treated before concluding that a 
patient has irreversible pulmonary failure. The use of 
more aggressive perinatal support strategies such as 
surfactant, high-frequency oscillatory ventilation,” 
extracorporeal membrane oxygenation (ECMO), 
dialysis, and hemofiltration may also decrease the 
mortality from respiratory failure. 

The massively enlarged kidneys create a variety of 
problems beyond respiratory distress. Both unilateral 
and bilateral nephrectomies can have other benefits, 
such as improved tolerance of feedings?! and 
increased activity in older children. Left nephrectomy, 
assuming equivalent renal size, may have more bene- 
fits for gastric function than a right nephrectomy.7! 

Hypertension should be aggressively treated, given 
that uncontrolled hypertension has been associated 
with severe complications and even death.!® Hyper- 
tension frequently requires multiple medications,”® 
and is often difficult to control,° leading to bilateral 


nephrectomy and the initiation of peritoneal dialysis 
in some children.’? Interestingly, hypertension may 
sometimes lessen as the patient ages, allowing suc- 
cessful weaning of antihypertensive medications.2°»2? 

Chronic renal failure and ESRD are managed using 
the usual strategies. Patients are treated for electrolyte 
problems, anemia, and renal osteodystrophy. Tube 
feedings and growth hormone are often necessary to 
manage failure to thrive. Dialysis and, ultimately, 
transplantation are needed when the patient reaches 
ESRD. Peritoneal dialysis is the preferred modality, 
but hemodialysis can be utilized if necessary. Both 
peritoneal dialysis and transplantation may require 
prior nephrectomies to create sufficient abdominal 
space. 

Complications of portal hypertension need to be 
addressed.“ Esophageal varices may require scle- 
rotherapy or placement of a portacaval shunt,?!6 
with one patient receiving a shunt as early as 2 years 
of age.!® Cholangitis needs to be aggressively treated 
with antibiotics. Splenectomy has been performed in 
children with intractable hypersplenism that causes 
anemia and thrombocytopenia.”? Liver transplanta- 
tion is occasionally necessary.78 


Prognosis 


ARPKD is associated with considerable morbidity 
and mortality. Improved therapy in the newborn 
intensive care unit and better treatment for chronic 
renal failure is continually changing the long-term 
prognosis. Nevertheless, patients continue to die, 
with much of the mortality occurring in the first year 
of life, especially during the first month. 1820.22.28 Res- 
piratory failure and sepsis are currently the most 
common causes of death.28 Neonatal ventilation is a 
strong predictor of mortality and the early develop- 
ment of chronic renal failure.28 Children who survive 
beyond the first month had a 5-year survival of 87% 
in a report of a North American registry.?® 

There is clearly significant long-term morbidity in 
these patients as a result of chronic renal failure, sys- 
temic hypertension, and portal hypertension. How- 
ever, patients are continuing to benefit from 
improvements in surgical and medical management. 


Autosomal dominant polycystic kidney 
disease 


ADPKD, with an incidence of 1:500 to 1:1000, is the 
most common inherited kidney disease. Although 
kidney involvement is the major feature for most 


Cystic kidney disease 333 


patients, there are protean extrarenal manifestations, 
including the potentially life-threatening possibility of 
a ruptured intracranial aneurysm. Severity varies 
greatly between patients and symptoms tend to 
develop over time. Fortunately, most children are 
asymptomatic; even middle-age adults may be 
unaware of their diagnosis. There are, however, chil- 
dren with severe and occasionally fatal disease. This 
underscores the importance of avoiding the term 
‘adult? PKD. 

An increasing percentage of children with ADPKD 
are diagnosed from a positive family history or 
because of an incidental finding during an imaging 
study. This has caused a marked shift in the pediatric 
patient population, with many patients having no 
symptoms and requiring very limited intervention. 


Genetics 


ADPKD is a genetically heterogeneous condition; 
disease occurs owing to mutations in one of at least 
two separate genetic loci (Table 22.3). Patients with 
a mutation of the PKD1 gene,°° which is located on 
chromosome 16, account for approximately 85% of 
cases. Most remaining cases are due to a mutation in 
the PKD2 gene on chromosome 4.67 The presence of 
a third locus (PKD3) is inferred based on studies 
showing an absence of genetic linkage to either PKD1 
or PKD2 in some families with ADPKD,68-70 
although the evidence for a third locus has been ques- 
tioned.7! 


Table 22.3 Multiple gene defects that cause ADPKD 


Gene Chromosome Protein 
location 

PKD1 16p Polycystin 

PKD2 4q Polycystin-2 

PKD3 Unknown Unknown 


PKD1 encodes for a protein called polycystin, 
which is a transmembrane protein with multiple 
extracellular domains.”? The PKD2 gene product, 
polycystin-2, is also a transmembrane protein and has 
moderate homology to polycystin.°” Polycystin and 
polycystin-2 interact with each other, and are local- 
ized within primary cilia.73-75 

The variable development of cyst formation in 
ADPKD appears to be related to the need for a 
second inactivating mutation. The kidney cells of 


patients with the PKD1 mutation initially have one 
normal gene for polycystin and one defective gene. 
Cyst formation occurs when there is a second somatic 
mutation that inactivates the good gene. This pro- 
duces a cell that does not produce any normal poly- 
cystin. Additional cysts are due to a second mutation 
in other cells.”677 A similar mechanism takes place in 
patients with PKD2.7*:”° This helps to explain why 
cysts appear fairly randomly and increase in number 
over time. 

There is a great deal of variability in the severity of 
ADPKD, some of which is based on the specific gene 
affected. Patients with PKD2 have less severe symp- 
toms, including later mean age for the development 
of ESRD and a decreased incidence of hypertension, 
urinary tract infections (UTIs), and hematuria.®° In 
one study, the median age of death or onset of ESRD 
was 53 and 69 years in patients with PKD1 and 
PKD2, respectively.8° There is also evidence that the 
disease severity is influenced by the specific mutation 
(allelic heterogeneity) in the PKDI or PKD2 
genes.81-83 Additional sources of variability may 
involve environmental factors and genetic differences 
at other loci.84-8° For example, polymorphisms in the 
angiotensin-converting enzyme (ACE) gene modify 
renal disease severity in patients with PKD1.87 

In cases of neonatal ADPKD, the affected parents 
have not had early-onset disease.?®88:8? However, 
there appears to be an increased likelihood of early 
disease in affected siblings?®:88.20,21 
bers of the same kindred.8° Early-onset disease may 
be more likely in families with mutations in PKD1.°? 


and other mem- 


Pathology 


The kidneys are typically enlarged and have random 
cysts, which can originate from any portion of the 
nephron (Figure 22.6). Except for cysts, the renal 
architecture is initially normal, although as the disease 
progresses fibrosis and glomerulosclerosis gradually 
increase. 


Clinical features 


Most children with ADPKD are asymptomatic, and 
increasing numbers of these patients are diagnosed 
based on a positive family history followed by a 
screening computed tomography (CT) scan or ultra- 
sound. Others are diagnosed after kidney cysts are 
incidentally noted on an imaging study, including 
prenatal ultrasound. 

Although children are often asymptomatic, there are 
reports of severe disease, including neonatally lethal 
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Figure 22.6 (a) Example of ‘adult’ polycystic kidney 
disease in a 3-month-old infant. Note the rounded 
cysts of varying size. (b) Low-power view of the same 
kidney. Foci of normal renal tissue are seen between 
the grossly dilated tubules. (Reproduced with permis- 
sion from Blyth and Ockenden.*4) 


disease.?0-88.93 Neonatal mortality is usually a result of 
respiratory failure and is associated with massively 
enlarged kidneys.?°0.°3 Most neonates diagnosed on 
the basis of on an abnormal prenatal ultrasound are 
asymptomatic. The majority of these children main- 
tain normal renal function, but some will reach ESRD 
during childhood.?7,?2-4 Maternal inheritance may be 
a risk factor for neonatal presentation.?° 

Most children with symptomatic ADPKD have a 
more subtle presenting complaint, typically in late 
childhood or adolescence.?°?? Hematuria is quite 
common in adults with ADPKD” and can manifest 
in childhood.?°?2.97.°8 Other presenting symptoms 
include hypertension, frequency, abdominal or flank 
pain, abdominal mass, UTI, and proteinuria (Table 
22.4).79,22,98,99 The majority of patients who are 


Table 22.4 Presenting complaints in symptomatic 
children with ADPKD@ 


Symptom Gagnadoux Fick Kääriäinen 
et al? etal? et al?” 
Hematuria 3 2 2 
Abdominal 3 1 1 
pain 
Hypertension 3 í 0 
Renal mass 1 1 0 
Frequency 0 2 0 
UTI 0 1 1 
Proteinuria 0 0 1 


4 This table excludes patients with severe 
neonatal disease. 


symptomatic during childhood do not have renal 
insufficiency as young adults,” but they may be at a 
higher risk for early kidney failure.?8 

The presence of symptoms in children correlates 
with the number of cysts. Children with more than 10 
cysts have an increased incidence of flank or back 
pain, palpable kidneys, and hypertension.’ Such chil- 
dren also have more complaints of palpitations and 
urinary frequency than their unaffected siblings.” 

Hypertension and resultant end-organ damage occurs 
in children with ADPKD. When a group of mostly 
asymptomatic children were screened, 13% had hyper- 
tension (vs 0% of controls) and the hypertensive patients 
had left ventricular hypertrophy.!°° A smaller study 
using ambulatory blood pressure monitoring found no 
evidence of hypertension in patients <15 years, but there 
was an increase in left ventricular mass.!®! In addition, 
patients between 15 and 25 years had significant 
increases in blood pressure and ventricular mass.!°! 
Another study found hypertension at clinical presenta- 
tion in 22% of children.” Not surprisingly, hyperten- 
sion is more common in children who are symptomatic 
in the neonatal period.?° The renin-angiotensin system 
is implicated in hypertensive adults with ADPKD and 
normal renal function,! although this mechanism has 
not been studied in children. 

Some children with mild ADPKD have a subtle 
defect in urinary concentrating ability,” and this is 
more common in children with more than 10 cysts.” 
Children with more than 10 cysts also have an 
increased incidence of proteinuria.!°? Kidney stones, 
often presenting as acute flank pain, are increased in 
adults,!° but are infrequent in children. 

Kidney infections are more common in patients 
with ADPKD, and complications may include 
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Table 22.5 Extrarenal symptoms in ADPKD 


Mitral valve prolapse 
Hypertension 

Extrarenal cysts: 

Hepatic cysts 
Pancreatic cysts 
Ovarian cysts 
Testicular cysts 
Arachnoid cysts 
Splenic cysts 

Pineal cysts 

Seminal vesicle cysts 
Aortic aneurysms 
Intracranial aneurysms 
Hernias 

Colonic diverticula 
Cholangiocarcinoma 
Congenital hepatic fibrosis 


perinephric abscess, septicemia, and death;!% there 
may be an increased risk of VUR.1° Cyst infection is 
especially troublesome, since the urine culture may be 
negative and not all antibiotics achieve therapeutic 
levels in the cyst fluid. 105 

There are a large number of possible extrarenal 
manifestations in adults with ADPKD (Table 22.5). 
Extrarenal involvement is less common in childhood. 
Mitral valve prolapse (MVP) is found in 26% of 
adults with ADPKD.!°7 Among a group of children, 
12% had MVP (vs 3% of controls) and the incidence 
increased with age.!°° Inguinal hernias are substan- 
tially increased in both children®®.? and adults, 108-10? 

Liver cysts are the most common extrarenal manifesta- 
tion in adults with ADPKD, with the prevalence increas- 
ing with age. H01 Women tend to have more and larger 
cysts! and pregnancy is an additional risk factor.!!! 
Some adults experience abdominal fullness and pain, but 
cysts almost never impair liver function or cause portal 
hypertension, !®H2 except in extreme cases.!13 Infected 
liver cysts present with pain, fever, and leukocytosis.!!* 
Liver cysts are rare in children.?®H5 Liver enlargement”? 
has occasionally been described in children. A few 
patients with ADPKD have congenital hepatic fibro- 
sis;44-+4)6 but this liver involvement is usually restricted 
to one member of the family and thus does not appear to 
be related to a unique ADPKD gene defect. 

Pancreatic cysts are present in only 9% of patients 
over 30 years of age,!!” 
plications;!!85 they are extremely unusual in chil- 
dren.!!5 The claim that ovarian cysts are increased in 


ADPKD has been questioned.!!? The remaining 
120 


and almost never cause com- 


cystic complications are quite rare. 


Ruptured intracranial aneurysms are a significant 
cause of mortality in adults with ADPKD.!?! In one 
study, the mean age of bleeding was 39.5 years, but 
10% of patients were <20 years,22 There are reports 
of young children with a subarachnoid hemorrhage,?® 
a bleeding arteriovenous malformation (AVM),!?3 
and ruptured 124,125 
Aneurysms cluster in families,!2©!?8 and thus a posi- 
tive family history for intracranial hemorrhage or 
aneurysm is an important risk factor. 

Gender differences in ADPKD include the predis- 
position to liver cysts in women. The rate of progres- 
sion to kidney failure is faster in adult males with 
either PKD1!?? or PKD2.8° No gender differences 
among children have been reported.” 


intracranial aneurysms. 


Radiologic features 


Ultrasound (Figure 22.7) and CT scan (Figure 22.8) 
are useful for detecting the macroscopic cysts of 


Figure 22.7 Ultrasound of an infant with severe 
ADPKD. The kidneys are enlarged owing to multiple 
cysts. (Courtesy of Dr J Sty, Children’s Hospital of Wis- 
consin.) 


Figure 22.8 CT scan of a child with ADPKD. Macro- 
scopic cysts are readily visible. (Courtesy of Dr J Sty, 
Children’s Hospital of Wisconsin.) 
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ADPKD. The number and size of cysts in children 
increase with age, and those children with more cysts 
have increased kidney size.°? 
echogenicity may be seen in some children.4° Occa- 
sionally, children can have marked disease asymmetry, 
which can create diagnostic confusion.!99 Liver cysts 
are quite unusual in children.” 


Increased renal 


Diagnosis 


Rare, early-onset ADPKD can sometimes be diag- 
nosed by prenatal ultrasound,*®:8%1!6131 although most 
cases are identified in the last 10 weeks of gestation. 
The kidneys are large, with increased echogenicity, and 
cannot easily be distinguished from the kidneys of chil- 
dren with ARPKD. Occasionally, macrocysts are iden- 
tified.1!° Early diagnosis in a fetus with an affected 
parent is possible using DNA analysis. 132-133 

Even after birth it is often difficult to distinguish 
early-onset ADPKD from ARPKD. Radiologic stud- 
ies of the kidneys are often inconclusive. Liver imag- 
ing or biopsy is useful because hepatic fibrosis is 
always present in ARPKD and extremely rare in 
ADPKD. Kidney pathology is also helpful, given the 
absence of glomerular cysts in ARPKD. The presence 
of a parent with ADPKD is the most useful diagnos- 
tic clue. Yet, many parents are unaware of their own 
disease,?*°? and thus screening imaging studies of 
‘normal’ parents are mandatory. Because of the possi- 
bility of a false-negative radiologic study, screening of 
the grandparents is sometimes useful, especially if the 
parents are <30 years old. 

Diagnosis in asymptomatic or mildly symptomatic 
children is usually accomplished by renal ultrasound. 
The sensitivity and specificity of this approach 
increases with the child’s age (Table 22.6). CT scan, 
although perhaps more sensitive than ultrasound,!** is 


Table 22.6 Sensitivity and specificity of ultrasound for 
detecting ADPKD in children 


Age Specificity Sensitivity 
(%) (%) 

3 months-5 years 89 62 

5 years—10 years 100 82 

10 years—15 years 100 86 

15 years—17.5 years 100 67 


This table summarizes the results of ultrasound 
screening in a group of children with PKD1 by 
linkage analysis. The presence of a single cyst 
was interpreted as a positive ultrasound. 

Table adapted from Gabow et al.134 


usually not a front-line approach because of the greater 
ease of ultrasound. Unilateral cysts may be 
the only initial finding in children with 
ADPKD, ?299,124,130,136.137 and in the context of a pos- 
itive family history even a single cyst is highly sugges- 
tive of disease.!*+ Bilateral cysts are frequently found 
on later investigation.” For adults, given the increased 
incidence of benign solitary cysts, more stringent cri- 
teria are necessary to avoid false positives. 148 

The ability to screen patients for mutations in the 
PKD1 or PKD2 genes is currently commercially avail- 
able, although false-negative results can occur. Identi- 
fying a mutation in a known affected family member 
is useful for proving that a negative result is a true 
negative. 

The increasing ability to diagnose ADPKD raises 
some important issues. Unlike many other genetic 
diseases, the morbidity and mortality in ADPKD typ- 
ically occurs in older adults and problems are fairly 
modest in many patients. Nevertheless, among a 
group of adults at risk for the disease, 97% would like 
to receive genetic testing.!%? There is also enthusiasm 
for genetic testing of offspring, with 89% selecting 
this option.!*? However, knowledge of the presence 
of this disease has little impact on reproductive deci- 
sions. Only 11% of patients do not have children 
because of the risk of passing the disease to offspring 
and even fewer (4%) would terminate a pregnancy 
for ADPKD.!%9 


Screening and monitoring 


Many children have a parent with ADPKD and there- 
fore have a 50% risk of carrying the defective gene. 
Undiagnosed, asymptomatic patients may have sig- 
nificant abnormalities such as hypertension, protein- 
uria, bacteriuria, and an increased creatinine.!40 
Certainly, at-risk children need periodic screening, 
with special attention to the blood pressure. A possi- 
ble algorithm is presented in Figure 22.9. Screening 
ultrasounds are not recommended because of con- 
cerns regarding obtaining health insurance.!4! A more 
aggressive approach will be necessary if an effective 
early treatment for ADPKD becomes available. 142 
Figure 22.9 also presents a basic approach to moni- 
toring the child with a diagnosis of ADPKD, with the 
caveat that monitoring needs to be customized for the 
individual patient. 


Treatment 


Children with severe disease receive standard therapy 
for chronic renal insufficiency. This should include 
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Yearly screening 
e Physical examination 
e Urinalysis 
e Measure blood pressure 


Work-up of abnormal findings 


Normal evaluation 


e Yearly screening 

e Consider renal sonogram 
and MRA in teenager with 
family history of intracranial 
aneurysm 


Monitoring 
Every 6-12 months 
e Physical examination 
e Urinalysis 
e Measure blood pressure 
Every 2-3 years 
e Ultrasound 
Consider MRA in teenager with family 
history of intracranial aneurysm 


Increase monitoring if 
clinically indicated 


Figure 22.9 ADPKD: screening and monitoring of children. MRA, magnetic resonance angiography. 


careful monitoring of nutrition and growth. In adults 
with moderate renal insufficiency, there was no bene- 
fit to protein restriction, although there was a mar- 
ginal slowing in the rate of decline of the glomerular 
filtration rate (GFR) in patients with severe renal 
insufficiency.!48 Such an approach is not recom- 
mended in children because the benefits are minimal 
and there is potential for adverse effects on growth 
and development. A variety of other interventions to 
slow the progression of ADPKD have been tested in 
animal models, and a clinical trial of a vasopressin 2 
receptor antagonist is currently underway in 
adults. 42 

Hypertension is fairly common in older children 
with ADPKD and should be treated. In adults with 
ADPKD, rigorous control of blood pressure was 
superior to standard control in reversing left ventric- 
ular hypertrophy.!*# There is not a consensus on the 
ideal class of antihypertensive agent to select for these 
patients. Despite the pathogenic role of the 
renin-angiotensin system!°? and the evidence that 
ACE inhibitors slow the progression of renal insuffi- 
ciency in a variety of kidney diseases,!4°-146 ACE 
inhibitors, when rigorously tested, do not slow the 
progression of chronic renal insufficiency in 


ADPKD." ACE inhibitors do reverse left ventricular 
hypertrophy in hypertensive adults with ADPKD,!47 
but there is a small risk of precipitating acute renal 
failure in patients with ADPKD, and thus they must 
be used cautiously.!48 Other agents, such as calcium 
channel blockers, have also been advocated.!49 

The goal of therapy is normalization of blood pres- 
sure using standard guidelines.!5° In adults with 
ADPKD, low targets for blood pressure may have a 
deleterious effect on renal function. 143 

Urinary tract infections should be treated 
promptly, with awareness for the increased risk of 
abscesses and septicemia. Cyst infection requires 
selection of an antibiotic that penetrates the cyst, such 
as trimethoprim-sulfamethoxazole!>! or ciprofloxa- 
cin;!5? occasionally, cyst aspiration may be neces- 
sary. Patients with intractable pain from renal cysts 
can benefit from either cyst aspiration, surgical reduc- 
tion, or thoracoscopic denervation. 154155 

The possibility of a ruptured intracranial aneurysm 
is a frightening, albeit rare complication in pediatric 
patients. The advisability of screening patients is cur- 
rently being debated. Magnetic resonance angiogra- 
phy (MRA) is a safe and sensitive approach for 
detecting an asymptomatic aneurysm.!*° However, 
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Table 22.7 Genetic heterogeneity of nephronophthisis (NPH) 


Type Chromosome locations Gene mutated Encoded protein Clinical form 
NPH type 1 2q13 NPHP1 Nephrocystin Juvenile 
NPH type 2 9q22 NPHP2 Inversin Infantile 
NPH type 3 3q22 NPHP3 Nephrocystin-3 Adolescent 
NPH type 4 1p36 NPHP4 Nephrocystin-4 Juvenile 


there is a need to balance the safety and efficacy of sur- 
gical intervention with the risk of aneurysm rupture. 
One decision analysis supported screening a 20-year- 
old patient with ADPKD,!°° although others have 
suggested a less aggressive approach.!57-158 Because of 
the familial predilection to aneurysm formation, 126-127 
screening of older teenagers with a positive family his- 
tory is a reasonable approach.!5? However, patient 
selection, timing, and frequency of screening continue 


to evolve, 160,161 


Prognosis 


Most children with ADPKD will have minimal symp- 
toms throughout childhood. The adult course of the 
disease is extremely variable. 

There are currently limited data on the ultimate 
prognosis for patients diagnosed during childhood. 
This is especially true for patients with asymptomatic 
cysts; the impact of increased numbers of cysts on the 
risk of chronic renal failure is unknown. Children 
who are diagnosed after the neonatal period do not 
have a decrease in GFR, even in the subgroup with 
more cysts and symptoms.?? In adults, the presence of 
the PKD1 gene, younger age at diagnosis, male 
gender, hypertension, increased left ventricular mass, 
hepatic cysts in women, three or more pregnancies, 
gross hematuria, UTI in men, proteinuria, and renal 
volume are all independently associated with poor 
renal function.!29!62 In children, increased renal 
volume in early life or hypertension is associated with 
subsequent faster renal growth, a potential marker of 
a worse prognosis.!©? There seems to be a higher risk 
of early chronic renal failure when patients have more 
severe disease as children.?8 

Interestingly, many children diagnosed antenatally 
have normal renal function,?” although follow-up is 
relatively limited. The cases diagnosed neonatally fre- 
quently have severe, often fatal, disease. These chil- 
dren are at risk for early chronic renal insufficiency 
and ESRD. However, others maintain normal renal 
function throughout childhood.” 


Nephronophthisis 


Nephronophthisis (NPH), also called ‘juvenile 
nephronophthisis,’ is one of the most common causes 
of chronic renal insufficiency in children.!°* NPH, 
which is recessively inherited, is often grouped with 
dominantly inherited medullary cystic disease because 
of an overlapping radiologic and histologic appear- 
ance. However, medullary cystic disease is genetically 
distinct, lacks extrarenal involvement, and usually pre- 
sents in adulthood. We will therefore consider it sep- 
arately later in this chapter. 


Genetics 


Mutations at four different loci may cause NPH 
(Table 22.7), and additional genetic heterogeneity is 
likely.!°5 The majority of cases of NPH are due to 
mutations in the NPHPI gene.!°!67 Most patients 
with nephronophthisis type 1 are homozygous for a 
large deletion that affects the NPHPI gene. 166-168 


Pathology 


Grossly the kidneys are often small and have a pale 
finely granular surface.!©?!79 On light microscopy, 
there is diffuse interstitial fibrosis with a mononuclear 
cell infiltration.!6?!71172 Along with tubular atrophy, 
there is extreme thickening and lamination of the 
tubular 
microscopy confirms this thickening, and also shows 
splitting of the basement membrane. © In a child with 
a biopsy early in the course of the disease, tubular 
basement membrane thickening was the only histo- 
logic abnormality.!”* Cysts appear to originate from 
the distal convoluted tubules and collecting ducts.!7! 
The glomeruli may be normal or have periglomerular 
fibrosis with thickening of Bowman's capsule; 
glomerular obsolescence eventually develops.! 


basement membranes.!6?171 Electron 


Clinical features 


Polyuria and polydipsia are due to poor urinary con- 
centrating ability, and this can lead to problems such 
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as dehydration, nocturia, and primary or secondary 
nocturnal enuresis. !6?!73.174 Renal sodium wasting!© 
leads to salt craving in some children.” The urinaly- 
sis is notable for the absence of abnormali- 
ties, 169170173 although low levels of proteinuria, 
usually tubular in origin,!”* are sometimes present. 
Glucosuria is also occasionally present.!74!75 Proba- 
bly due to the polyuria and salt wasting, hypertension 
is unusual,!7°-176 except in patients with NPH type 2. 
Symptoms of chronic renal failure, such as fatigue, 
anorexia, and growth retardation, are frequently pre- 
sent.!79.173,174,177 Symptoms of renal osteodystrophy 
may be the initial complaint.!77 Children with NPH 
have an anemia that is out of proportion to their 
degree of renal failure, and thus often have very low 
hematocrits and notable pallor.179!73:174177,178 The 
anemia appears to be due to decreased erythropoietin 
production. 7? 

The majority of patients with NPH type 1 develop 
ESRD at a mean age of about 10-13 years.16?-180 The 
defect in urine concentrating ability can lead to severe 
dehydration and acute renal failure, which may accel- 
erate the development of chronic renal failure. 180 

NPH type 2 is distinct from the other forms of 
NPH. Renal failure occurs in infancy, and the kidneys 
are large with widespread cysts.181:182 Hypertension is 
more common than in the other forms of NPH. 
NPHP2 gene defects may also lead to situs inversus in 
a minority of children.!8* The timing of ESRD is 
fairly similar in NPH type 1 and NPH type 4, 
whereas ESRD develops at about a mean age of 19 
years in NPH type 3.180.183 

Senior—Loken syndrome is the combination of 
NPH with tapetoretinal degeneration. 184185 In the 
early-onset form, called congenital amaurosis of 
Leber, nystagmus is usually present, and there is an 
absent pupillary response to light. The retina is 
markedly abnormal on funduscopic examination; 
findings include arteriolar narrowing, pale optic disks, 
and granular pigmentation of the fundus.!8° Most 
patients are blind or severely visually impaired, and 
have a flat electroretinogram.!7+ There is a late-onset 
form of Senior-Loken syndrome in which visual 
impairment develops during childhood. Moreover, 
patients with a defect in the NPHPJ gene may have 
ocular findings, including areas of retinal atrophy 
with flat or low-voltage electroretinograms. How- 
ever, these patients are usually asymptomatic, and 
probably should not be considered to have 
Senior—Loken Senior—Loken 
syndrome has been described in children with muta- 
tions in the NPHP3 and NPHP4 genes.165-182.190 The 


syndrome. 176,187,188 


Table 22.8 Extrarenal manifestations of 
nephronophthisis 


Tapetoretinal degeneration 
Liver fibrosis 

Skeletal abnormalities 
Mental retardation 
Cerebellar ataxia 


majority of children with NPH types 3 and 4 do not 
have Senior—Loken syndrome; there is no explanation 
for this variable expression. 

Some children with NPH have other extrarenal 
manifestations, including mental retardation,!6?178.191 
hepatic 169,191-194 


drome,! 


fibrosis, Dandy-Walker syn- 


cerebellar ataxia, !°3-195 
169,193,195-197 


78 coloboma,!® and 


However, there is 


some question about the rigor of the renal diagnosis in 
198 


skeletal anomalies. 


some of these cases. 

Mutations in the NPHP1 gene have been associated 
with extrarenal manifestations, including Joubert’s 
syndrome,!*? Cogan’s oculomotor apraxia,?°° and the 
combination of cerebellar ataxia and nystagmus.?9! 
Mutations in the NPHP3 gene can cause hepatic 
fibrosis or tapetoretinal degeneration.!°° Mutations in 
the NPHP4 gene can cause Cogan’s oculomotor 
apraxia or tapetoretinal degeneration. 165.202 

The more common possible extrarenal manifesta- 
tions of NPH are shown in Table 22.8. Many patients 
with extrarenal manifestations also have tapetoretinal 
degeneration, and thus are part of the Senior-Loken 
syndrome. 


Radiologic features 


By ultrasound, the kidneys are hyperechoic with loss 
of corticomedullary differentiation; they are of 
normal or slightly decreased size.?03-205 Medullary 
cysts are a hallmark of the disease, but they are not 
always detected by ultrasound. !74703.204 CT is a more 
sensitive method for identifying medullary cysts?°° 
and thin-section CT is recommended.!73 


Diagnosis 


The diagnosis of NPH can be challenging, especially 
in patients without extrarenal manifestations. A his- 
tory of polyuria and polydipsia, salt craving, dispro- 
portionate anemia, a benign urinalysis, and the age of 
presentation are important clues. The detection of 
medullary cysts in the setting of chronic renal failure 
in a child and smallish, echogenic kidneys is virtually 
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diagnostic. The presence of consanguinity or an 
affected sibling suggests an autosomal recessive dis- 
ease and thus strongly supports the diagnosis. Renal 
histology is potentially helpful in uncertain cases. 
Genetic diagnosis is now possible because screening 
for the large chromosomal deletion in the NPHP1 
gene is relatively easy,?°7 and this will identify approx- 
imately 60% of patients with NPH.?° Moreover, 
sequencing of the entire NPHPI gene for mutations 
is commercially available for the small percentage of 
patients with NPH type 1 who do not have the large 
deletions. Genetic testing for the other forms of NPH 
is only available on a research basis. All patients 
should have an ocular examination to screen for 
Senior—Leken syndrome and a liver ultrasound to 
screen for hepatic fibrosis. 


Treatment 


There is no specific therapy for NPH. Families should 
be counseled regarding the risk of dehydration due to 
polyuria. The anemia responds to erythropoietin ther- 
apy. Children receive standard therapy for chronic 
renal insufficiency and ultimately require dialysis and 
transplantation. The disease does not recur in the 
kidney transplant and thus transplant is usually quite 
successful, 186-209 Appropriate specialist care is neces- 
sary in children with extrarenal manifestations. 


Multicystic dysplastic kidney 


Multicystic dysplastic kidney (MCDK) is the most 
common cystic disease diagnosed during childhood. 
Most cases are unilateral and asymptomatic; rare 
bilateral disease is usually fatal at birth as a result of 
Potter’s syndrome.?!° The widespread use of prenatal 
ultrasound has led to more frequent diagnosis of 
MCDK, and the approach to the management of 
these patients is evolving. 

The incidence of MCDK is estimated at 1 in 2500 
newborns;?!! 
anomalies detected by prenatal ultrasound. It occurs 
slightly more commonly in the left kidney,?!? and the 
affected child is more likely to be male.?13:214 Given 
the low incidence of unilateral renal agenesis in 
neonates, and the much higher incidence of single 
kidneys in adults, the majority of adults with a single 
kidney had an MCDK that involuted over time. 

MCDK is typically composed of cysts of varying 
size that do not appear to communicate, and a small 
amount of abnormal-appearing renal parenchyma. 


it is one of the most common fetal 


The ureter from the affected kidney is atretic. On 
microscopic examination, the tissue between the cysts 
is dysplastic, with undifferentiated mesenchymal cells, 
often with cartilage, and immature glomeruli and 
tubules. Occasionally, a few normal-appearing 
nephrons may be present, explaining the minimal 
renal function that is infrequently demonstrated on 
nuclear scan. 

Most cases of MCDK are sporadic,?!’ although 
families with putative autosomal dominant inheri- 
tance have been described.?!5:2!© The incidence of 
MCDK is increased in a variety of syndromes.”!7 The 
pathogenesis of MCDK has been attributed to either 
early ureteral obstruction?!® or disruption of the 
normal mechanism of induction of the metanephric 
blastema by the ureteric bud.” 

Currently, most cases of MCDK are diagnosed by 
prenatal ultrasound, with palpable abdominal mass, 
typically in the neonate, as the second most common 
presentation.?#°*7?, Rare cases of diagnosis result 
from symptoms such as emesis or respiratory com- 
promise as a result of compressive effects.??3 In older 
children, MCDK is uncommonly diagnosed during 
the evaluation for abdominal pain or mass, hematuria, 
or hypertension. In all ages, MCDK may be discov- 
ered during the evaluation for UTI or as an incidental 
finding during abdominal imaging.??4225 

The diagnosis of MCDK is typically made by ultra- 
sound. In infants with a prenatal diagnosis, a postna- 
tal ultrasound should be performed to confirm the 
presence of MCDK. The major diagnostic dilemma is 
differentiation from hydronephrosis.?#° In MCDK, 
there is typically no communication between cysts, 
and the larger cysts are not medial. In hydronephro- 
sis, the calices extend outward from the dilated renal 
pelvis, and there is renal parenchyma surrounding the 
central cystic structure. The normal reniform shape is 
usually present with hydronephrosis, but usually 
absent in MCDK.??7 If the diagnosis is unclear, a 
radionuclide scan shows uptake of tracer if 
hydronephrosis is present, but usually no uptake with 
MCDK. Occasionally, MCDK demonstrates a small 
amount of uptake,??8?? and other studies may then 
be useful in confirming the diagnosis.?*° 

Children with MCDK are more likely to have 
abnormalities of the contralateral kidney.?7!%,730.231 
VUR has been reported in from 4% to 31% of 
contralateral kidneys.?!?,713,230-232 Other reported 
anomalies include ureteropelvic junction (UPJ) 
obstruction, ureteral ectopia, uterovesical junction 


obstruction, ureteroceles, and renal dys- 
plasia.2!3.230.231 
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The natural history of MCDK is usually gradual 
involution. In one study, 18% were undetectable by 
ultrasound at 1 year of age, and 58% were unde- 
tectable by 6 years of age.??° Some MCDK do 
increase in size during the first few years of life, and 
complete involution may take more than 20 years. 

Hypertension, which is postulated to be renin medi- 
ated,” has been reported as a potential complication of 
MCDK.?!2:234 There are reports of hypertension being 
cured following surgical removal of the MCDK.”* Yet, 
others have questioned the validity of these reports. For 
example, in a series of 260 cases, there were only 4 
patients with hypertension, which was described as 
minimal and probably unrelated to the MCDK.?#5 

Malignancy is another possible complication of 
MCDK. There are cases of Wilms’ tumor in younger 
children?*° and renal cell carcinoma in older teenagers 
and adults,” but some question the validity of these 
reports.?°8 The true increase in risk is unclear. Less 
than 0.1% of the 7500 children enrolled in the 
National Wilms’ Tumor Study Group had an 
MCDK.?*s A recent systematic review concluded that 
the risk of malignancy is extremely low.??? 

The management of MCDK is _ controver- 
sial.234,240,241 There has been a shift from routine sur- 
gical removal to  non-operative management, 
consisting of surveillance ultrasounds to screen for 
Wilms’ tumor.2*° There is not a consensus on the fre- 
quency of these ultrasound evaluations, especially given 
the low risk of Wilms’ tumor. Ultrasounds are usually 
done more frequently during the first year of life (e.g. 
every 3 months), and then less frequently (e.g. every 
6-12 months) until approximately age 5 years.??° Sur- 
gical removal (discussed in Chapter 29) is indicated if 
there is any change that is suspicious for a Wilms’ 
tumor. Other indications for nephrectomy include mass 
effect, pain, hypertension, and parental preference. 

Follow-up, and surgical repair when indicated,” 
of the contralateral kidney is also critical. The follow- 
up ultrasounds of the MCDK should evaluate the size 
and echogenicity of the contralateral kidney; there 
should be compensatory hypertrophy.?!?%! Given 
the high rate of VUR, a routine voiding cys- 
tourethrogram is frequently recommended,” 
although this has been questioned in the child with a 
normal-appearing contralateral kidney.?!#.248 


Medullary cystic kidney disease 


Medullary cystic kidney disease (MCKD) is fre- 
quently grouped with NPH as the juvenile 


nephronophthisis/medullary cystic disease com- 
plex.744 However, MCKD is clearly a distinct entity, 
based on its autosomal dominant inheritance and later 
onset.” Renal failure typically develops during 
adulthood, although renal insufficiency may be appar- 
ent in some children.2-245.246 In some families, the 
disease is not apparent until a mean age of over 60 
years.?47 Hyperuricemia and gouty arthritis, occasion- 
ally diagnosed in childhood,”* may be the presenting 
manifestation.248.249 Other clinical features include 
polyuria, anemia, and hypertension.*55! The kid- 
neys are usually of normal size or small, and renal 
imaging may show a few medullary cysts, but the 
absence of visible cysts is relatively common.” The 
urinalysis is typically benign, except for low-grade 
proteinuria in a minority of patients.?°? Histologic 
examination demonstrates interstitial nephritis; thick- 
ening and splitting of the basement membrane is the 
most notable feature.24%252 

Mutations in UMOD, the gene encoding uromod- 
ulin (also called Tamm -Horsfall protein), cause 
MCKD type 2.?°3 Mutations in UMOD also cause the 
autosomal dominant disorder, familial juvenile hyper- 
uricemic nephropathy (FJHN).75%?54 It is now clear 
that MCKD type 2 and FJHN are the same disease, 
since they are genetically allelic and clinically indistin- 
guishable.746753,255 The dominant features are 
chronic renal failure and gout.”°? Genetic diagnosis, 
by sequencing of exons 3 and 4, the site of most 
mutations in this disorder, is commercially available. 
The locus for MCKD type 1 has been identified on 
chromosome 1.747 These patients tend to have fewer 
manifestations of hyperuricemia than patients with 
MCKD type 2 and a later onset of renal insuffi- 
ciency.?°9 There is evidence for additional genetic het- 
erogencity, 045 


Medullary sponge kidney 


Medullary sponge kidney (MSK) is predominantly a 
disease of adults, but occasionally presents in child- 
hood.*57-?5? The intrapapillary collecting ducts are 
dilated and multiple small cysts may be present. Not 
all renal pyramids are always affected, providing an 
explanation for the often asymmetric and focal 
appearance. This does not appear to be an inherited 
disease, although a few family 
described.20.261 

The diagnosis of MSK is based on the characteris- 
tic changes on IVP, which shows stagnation of con- 
trast in one or more renal papillae due to dilation of 


clusters are 
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Figure 22.10 IVP demonstrating bilateral medullary 
sponge kidneys in a 9-year-old girl who presented with 
hematuria. Note the characteristic radial stretching and 
puddling that represent the contrast-filled dilated col- 


lecting tubules in this disease. (From Glassberg et 
al. 262) 


the collecting ducts (Figure 22.10). The resultant 
image has been described as a ‘pyramidal blush’.76 
These changes are sometimes misdiagnosed as papil- 
lary necrosis.2°°9 A CT scan is not as sensitive for 
making the diagnosis of MSK, but it has a superior 
ability to detect the papillary calcifications that fre- 
quently complicate MSK.75%.264,265 Ultrasound also 
frequently detects this nephrocalcinosis, which may 
not be visible on a plain film.?°8 

Clinically, patients are at increased risk for hema- 
turia, UTI, and nephrolithiasis. There may be impair- 
ment of urinary concentrating ability?58 or urinary 
acidification (renal tubular acidosis [RTA]), but the 
GFR is normal.?6°°7 The urinary concentrating 
defect can lead to complaints of polyuria in a child.?58 
The increased risk of nephrolithiasis and nephrocalci- 
nosis?ć8-270 is probably secondary to stagnation in the 
dilated collecting tubules and an increased incidence 
of hypercalciuria,?”!_hypocitraturia, and hypomag- 
nesuria.?”?273 Patients with RTA are more likely to 
have hypercalciuria or hypocitraturia, and the acidifi- 
cation defect may be the primary problem.?71272,274 
Nevertheless, even patients without a defect in urinary 
ion excretion have an increased risk of nephrolithia- 
sis,?”° arguing for a role of the dilated tubules.?”° 

The RTA in MSK, when present in a child, can lead 
to growth retardation.7°° RTA is sometimes associ- 
ated with severe potassium wasting and this can lead 
to symptomatic hypokalemia.?”° 

Hematuria is usually mild, but massive bleeding is 
occasionally seen.?””7 More commonly, MSK is the 
explanation for asymptomatic microscopic or gross 


hematuria, and these are frequent complaints in pedi- 
atric cases.297.258 

The increased risk of UTI may be related to stasis 
in the dilated tubules and the presence of stones, 
which may cause obstruction or act as a nidus of 
infection. UTI in MSK is occasionally complicated by 
abscess formation.278 

Associated anomalies reported with MSK include 
hemihypertrophy,”°”279-283 (Carolis disease,?84285 
hyperparathyroidism?8°87 and a variety of miscella- 
neous disorders.261,288,289 

Most patients require limited 
Nephrolithiasis is successfully treated by the usual 
approaches, including extracorporeal shock wave 
lithotripsy (ESWL).?”° Patients with MSK and RTA 


have a good response to alkali therapy, with decreased 


treatment. 


hypercalciuria and stone formation.27!29! UTIs are 
treated conventionally, with the caveat that an abscess 
should be suspected if the patient does not respond.?78 


Glomerulocystic kidney disease 


Glomerular cysts are present in a variety of diseases 
(Table 22.9); the diagnosis is made by kidney biopsy. 
The term ‘glomerulocystic kidney disease’ is reserved 
for patients who do not have an underlying disease 
such as ADPKD. As detailed below, glomerulocystic 
kidney disease (GCKD) is not a uniform, well-defined 
entity; rather it describes a heterogeneous group of 
patients who have been grouped into categories based 
on apparent inheritance and kidney size. 

Glomerular cysts may be seen in children with a 
variety of severe, usually inherited, malformation syn- 
dromes (see Table 22.9).292-299 Many of these 


Table 22.9 Diseases with glomerular cysts 


Syndromes with glomerular cysts: 
Brachymesomelia—renal syndrome 
Oral-facial—digital syndrome 

Glutaric acidemia type II 

Trisomy 18 

Renal retinal dysplasia 

Short-rib polydactyly syndrome type II 
Tuberous sclerosis 

Zellweger syndrome 

Autosomal dominant polycystic kidney disease 
Sporadic glomerulocystic kidney disease 
Familial hypoplastic glomerulocystic kidney 
disease 

Autosomal dominant glomerulocystic kidney 
disease 
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patients have accompanying renal dysplasia. Again, 
these patients have glomerular cysts, but do not have 
GCKD. 

Glomerular cysts are seen in ADPKD, but most 
patients also have cysts involving other segments of 
the nephron. !?%390.301 However, there are cases of 
GCKD in children with a strong family history of 
ADPKD.%302 This suggests that, in these patients, 
GCKD is a variant of ADPKD, with predominance of 
glomerular cysts. In fact, one child had GCKD on ini- 
tial biopsy, but subsequently had pathologic findings 
consistent with ADPKD.#° It has also been hypothe- 
sized that some patients with ‘sporadic’ GCKD may, 
in fact, have ADPKD, either due to a new mutation or 
because of incomplete family studies. 

Children with sporadic GCKD have a variable pre- 
sentation. The kidneys are frequently enlarged at 
birth, with a loss of corticomedullary differentia- 
tion.303,304 Kidney size may normalize,? 
sionally the medulla is of normal echogenicity despite 
an echogenic cortex.%9% Ultrasound and MRI can 
identify cortical cysts.4!3°5 Renal function may be 
normal?03,304 or decreased.4°°3°7 Other cases of spo- 
radic GCKD present in adults; these patients may 
57,308 309-311 renal failure, typically 


and occa- 


have mil 
with enlarged kidneys. 

There is an autosomal dominant form of GCKD 
that is associated with small (hypoplastic) kidneys and 
malformed or absent calices.4!23!3 These children 
have a decreased GFR at birth, but then renal func- 
tion remains fairly stable. Some of these patients have 
been growth retarded,?!° and a few have a noticeable 
prognathism.*!73!3 In some families, hypoplastic 
GCKD is secondary to mutations in hepatocyte 
nuclear factor (HNF)-1f.*!+3!° Heterozygous muta- 
tions in HNF-18 may also cause maturity-onset dia- 
betes of the young (MODY), and thus affected 
patients may have renal disease and diabetes.314-316 

The remaining families with GCKD have normal or 
increased kidney size. In one family with apparent 
autosomal dominant inheritance, kidney size and 
kidney function were normal, but those affected had 
an abnormal ultrasound.*!” In another family, a 10- 
year-old girl with an affected father had a mildly 
depressed GFR.#!8 Melnick et al?!° describe three sib- 
lings and their father; all had normal kidney size but a 
decreased GFR. Finally, a large family with GCKD 
was extensively studied by Sharp and colleagues.*?° 
These patients had hypertension, and renal function 
ranged from normal to ESRD. The kidneys were large 
and echogenic; pelvocaliectasis and a hypoechoic cor- 
tical rim were additional sonographic features. Inheri- 


or severe 


tance was autosomal dominant and linkage analysis 
indicated that neither the PKD1 gene nor the PKD2 
gene was responsible for this family’s disease.320 


Simple renal cysts 


The increased use of radiologic testing has led to the 
identification of more children with simple cysts, 
which may be solitary or multiple. The incidence of 
simple cysts increases with age.??!-324 Fewer than 
0.3% of children have simple renal cysts, and they are 
usually not associated with subsequent problems.?75 
Cysts in children usually do not increase in size, and 
single cysts are commonly located in the right upper 
pole.3?5 However, the presence of even a single cyst in 
the context of an appropriate family history supports 
a diagnosis of ADPKD.!*4 The incidence of simple 
renal cysts is increased in children with acquired 
immunodeficiency syndrome (AIDS).3% Simple renal 
cysts are rarely detected by fetal ultrasonography, and 
the majority resolve before delivery.3?7 

Simple renal cysts do not impair renal func- 
tion,3?5328 except in rare instances.°?? They may play 
a role in causing infection*#® or hyperten- 
sion???,329,331,332 in some patients. Cysts in children 
occasionally cause pain.333-334 Symptomatic cysts can 
be treated by percutaneous drainage, although they 
usually recur unless a sclerosing agent is injected. 
Injection of the cyst with either alcohol#*>-3%¢ or tetra- 
cycline??3 prevents recurrence. Surgical marsupializa- 
tion is rarely necessary. Because cysts frequently occur 
in the upper pole, it is sometimes difficult to differen- 
tiate a cyst from upper pole hydronephrosis due to an 
obstructed ureterocele or an ectopic ureter. Such a 
diagnostic dilemma can be resolved by cyst aspira- 
tion.333-337 Cyst fluid has the same blood urea nitro- 
gen (BUN) and creatinine concentration as the 
patient. Most children with simple renal cysts only 
need routine ultrasound follow-up, unless the cysts 
are atypical and therefore suggestive of a malignancy. 


Multilocular cysts 


A multilocular cyst is a unilateral, benign tumor of the 
kidney. Approximately half the cases occur in chil- 
dren, with the remainder in middle-aged adults.338 
The children are more likely to be male, whereas the 
adults are more likely to be female. Children are usu- 
ally <2 years of age, and the most common present- 


ing complaint is an abdominal mass.338-339 
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Pathologically, the multilocular cyst is well encapsu- 
lated and non-infiltrating. The multiple cysts, which 
do not communicate, are typically separated by 
fibrous tissue, although embryonic tissue is some- 
times present, especially in pediatric cases. The cysts 
are well visualized by a CT scan or ultrasound. The 
differential diagnosis includes Wilms’ tumor, 
ADPKD, or a multicystic dysplastic kidney. Occa- 
sionally, a second multilocular cyst appears months 
later in the contralateral kidney.340 

Because of the possibility of a cystic Wilms’ tumor, 
surgical resection is recommended.*?8 Nephrectomy 
is sometimes the only option, but increasing numbers 
of cases are managed with renal preserving 
surgery.338.340 


Acquired cystic kidney disease 


Kidney failure is sometimes associated with cyst for- 
mation in a previously non-cystic kidney. Acquired 
cystic kidney disease (ACKD) occurs in patients with 
renal failure, including dialysis patients, transplant 
patients, and chronic renal failure patients. ACKD 
occurs in children and the number of cysts increases 
over time.34!-345 Children with ACKD are at a low 
risk for gross hematuria and retroperitoneal hemor- 
rhage.34? More ominously, a small percentage of chil- 
dren develop renal cell carcinoma.*4*4° Because of 
this possibility, periodic ultrasound screening of dial- 
ysis patients is necessary and children with suspicious 
lesions should have a nephrectomy. 


Syndromes with cystic kidneys 


A large number of syndromes are associated with 
cystic kidneys. These are mostly rare diseases and 
many are neonatally fatal. We will briefly review the 
major features of a few prominent entities, emphasiz- 


ing those with a defined genetic etiology. 


Tuberous sclerosis 


Although classified as one of the neurocutaneous syn- 
dromes, renal involvement is an important cause of 
morbidity and mortality in tuberous sclerosis 
(TS).34°.347 Patients with TS develop hamartomas in 
a variety of organs, including angiomyolipomas of the 
kidneys. The major extrarenal manifestations of TS 
are summarized in Table 22.10. Most of the features 
of TS become more prominent over time, except for 
cardiac rhabdomyomas, which tend to regress during 


Table 22.10 Extrarenal manifestations of tuberous 
sclerosis 


Neurologic: 

Cortical tubers 
Seizures 

Mental retardation 
Intracranial aneurysms 
Retinal hamartoma 


utaneous: 

Hypopigmented macules 
Facial angiofibromas 

Shagreen patch 

Café-au-lait macules 
Molluscum fibrosum pendulum 
Forehead fibrous plaque 
Periungual fibromas 
Confetti-like macules 


BEEBE EE°o BEES 


Cardiac: 
E Rhabdomyomas 
© Wolff—Parkinson—White syndrome 


Bone: 
E Sclerosis 
™ Cystic changes 


Pulmonary lymphangiomyomatosis 


childhood.*48 The hypopigmented macules (ash-leaf 
spots) are especially helpful diagnostically, since they 
are often visible at birth and are eventually present in 
over 97% of children;#4#? use of a woods lamp, espe- 
cially in light-skinned individuals, may aid in their 
identification. Facial angiofibromas, which may be 
confused with acne, and shagreen patches are also 
extremely common. Neurologic lesions include multi- 
ple calcified tubers, disorders of neuron migration, 
and giant cell astrocytomas. The neurologic manifes- 
tations, with both seizures and developmental delay, 
are often the dominant clinical feature. Tumors of the 
kidney are the most common cause of malignancy in 
TS, but a variety of extrarenal cancers are also seen in 
adults and children.350-351 

TS is an autosomal dominant condition, but two- 
thirds of the cases are due to new mutations, so most 
patients will not have a positive family history. There 
is variable penetrance and thus affected parents usu- 
ally have mild disease and may be undiagnosed. TS is 
caused by mutations in either the TSC1 gene on chro- 
mosome 9352 or the TSC2 gene on chromosome 
16.353 Both of these genes encode tumor suppressors 
and the hamartomas arise because of mutations in the 
normal wild-type gene.354,355 Intellectual disability is 
more common in patients with mutations in the 
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Figure 22.11 Ultrasound of a child with angiomyolipo- 
mas due to tuberous sclerosis. This case shows the 
hyperechoic fat (without shadowing) of an angiomy- 
olipoma. (Courtesy of Dr J Sty, Children’s Hospital of 
Wisconsin.) 


TSC2 gene.356-357 The TSC2 gene is located adjacent 
to the PKD1 gene on chromosome 16.72 Some chil- 
dren have large chromosomal deletions that affect 
both the TSC2 gene and the PKD1 gene and these 
children tend to have severe polycystic kidney dis- 
ease.72358 This contiguous gene syndrome is present 
in the majority of children with early, severe polycys- 
tic kidney disease and TS.359 

Angiomyolipomas are the most common renal 
lesion in TS and are readily seen by CT or ultrasound 
(Figure 22.11). Angiomyolipomas are usually not 
detected in the first few years of life but they are ulti- 
mately found in most children with TS and they tend 
to increase in size during childhood.360-361 Larger 
angiomyolipomas are sometimes associated with 
pain.*47 Hematuria is uncommon.*°? However, 
retroperitoneal bleeding from angiomyolipomas can 
be life threatening*4#° and presents with sudden flank 
pain, a palpable abdominal mass, and symptoms of 
anemia. Clinical manifestations of angiomyolipomas 
are relatively uncommon in children.363-364 

Renal cysts (Figure 22.12) are less common than 
angiomyolipomas and sometimes disappear on subse- 
quent evaluation.*©° Renal malignancies, including 
renal cell carcinoma and malignant angiomyolipomas, 
are a serious concern in TS and both are seen in chil- 
dren, sometimes in early childhood. 350-360 

Both renal cysts and angiomyolipomas cause 
destruction of normal renal tissue, and this can lead to 
renal failure in adults*®> and children.35° The risk of 
renal failure and hypertension is greater in patients 
with cystic disease .26°368 Children with disruption of 
the contiguous PKD1 and TSC2 genes usually have 
severe cystic disease and are at high risk for hyperten- 


sion and early kidney failure.35? 


Figure 22.12 Renal CT of a child with cysts due to 
tuberous sclerosis. Multiple cysts are visible. (Courtesy 
of Dr J Sty, Children’s Hospital of Wisconsin.) 


Figure 22.13 Head CT of the same child shown in 
Figure 22.12. Subendymal calcific densities are present 
in the region of the foramen magnum. (Courtesy of Dr 
J Sty, Children’s Hospital of Wisconsin.) 


The diagnosis of TS is based on the classic clinical 
features, although genetic testing is commercially 
available. The possibility of TS should be suspected in 
a young child with large renal cysts suggestive of 
early-onset ADPKD. These children may have the 
contiguous gene syndrome with a deletion affecting 
both the PKDI and TSC2 genes. A family history of 
TS is often not present due to variable penetrance and 
a high rate of new mutations. A search for skin man- 
ifestations is usually helpful, although cutaneous man- 
ifestations are less prominent or sometimes absent in 
infants.349 Young children have fewer cortical tubers 
than older patients but MRI is quite sensitive for 
detecting other subtle findings in infancy.36? 
Although MRI is more sensitive, most children have 
the mineralized subendymal nodules that are visible 


by CT (Figure 22.13). 
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Children with TS require the input of multiple spe- 
cialists. All children with TS should have a renal ultra- 
sound at diagnosis and follow-up renal ultrasounds 
every 1-3 years, with frequency dictated by the spe- 
cific clinical situation.?”° Patients with extensive or 
rapidly changing lesions require more frequent 
follow-up. Those with more severe kidney disease 
may require CT or MRI to screen for malignant 
changes. Differentiating angiomyolipomas from 
malignancy requires careful comparison of sequential 
images. Patients with kidney failure are treated with 
dialysis©> and transplantation.*”! Because of the risk 
for renal hemorrhage and malignancy, there is an 
argument for bilateral nephrectomies in children who 
progress to ESRD, especially those with large 
angiomyolipomas. 


Meckel’s syndrome 


Meckel’s syndrome, sometimes called Meckel—Gruber 
syndrome, is a lethal autosomal recessive disorder. 
The most common extrarenal manifestations are pos- 
terior encephalocele, polydactyly, and hepatic fibrosis 
and cysts; however, a variety of other findings may 
also be present.372373 Cystic dysplasia of the kidneys 
is present in all cases.37%373 Multiple genetic loci for 
Meckel’s syndrome have been identified.374-376 


Von Hippel-Lindau disease 


Von Hippel-Lindau (VHL) disease is a rare autoso- 
mal dominant disorder with variable penetrance. The 
most prevalent manifestations are cerebellar heman- 
gioblastoma, retinal angioma, pancreatic cysts, renal 
cell carcinoma, spinal hemangioblastoma, and 
pheochromocytoma.?”7778 Renal cysts are also 
common but, like renal cell carcinoma, they are rarely 
seen in childhood.?”7378 A mutation in a tumor-sup- 
pressor gene, located on chromosome 3, causes VHL 
disease;3”? genetic testing is commercially available. 
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Introduction 


Acute renal failure (ARF) is defined as a sudden 
decrease of normal kidney function that compromises 
the normal renal regulation of fluid, electrolyte, and 
acid-base homeostasis.! In practical terms ARF is 
characterized by a reduction in the glomerular filtra- 
tion rate (GFR), which results in an abrupt increase in 
the concentrations of serum creatinine and blood urea 
nitrogen (BUN). The effect on urine volume in ARF 
is variable: patients may be anuric, oliguric, and, in 
some cases, polyuric. ARF develops over a period of 
hours to days, whereas chronic renal failure (CRF) 
progresses over months to years. In many circum- 
stances there is little difficulty in discerning between 
ARF and CRE. Short stature, renal osteodystrophy, 
delayed puberty, normocytic anemia, and hyper- 
parathyroidism all suggest CRF. However, it may be 
difficult to differentiate ARF from CRF without imag- 
ing studies and a kidney biopsy. Furthermore, at the 
time of presentation, a patient with CRF may have a 
superimposed ARF — this is referred to as acute on 
chronic renal failure. ARF is usually encountered in 
pediatric urologic patients as a complication of under- 
lying chronic renal disease. The three most important 
contexts in pediatric urologic practice are acute 
pyelonephritis, aminoglycoside toxicity, and acute 
obstructive uropathy. Urologists must be alert to the 
possibility of ARF in any patient referred with macro- 
scopic hematuria. The three most important contexts 
are urinary tract infection, glomerulonephritis, and 
myoglobinuria. Extracorporeal shock wave lithotripsy 
(ESWL) is the urologic treatment of choice for the 
majority of patients with renal or proximal ureteral 
stones.” Very rarely, bilateral or unilateral ESWL has 
been associated with ARF even in the absence of 
obstruction. In order to diagnose the underlying 
cause of ARF and treat the metabolic complications, 
all patients should undergo a full evaluation by a pedi- 


atric nephrologist at the time of presentation. 


Table 23.1 Causes of non-oliguric acute renal failure 


Furosemide may convert oliguric renal failure to 
non-oliguric renal failure 

Nephrotoxins 

Non-fulminant acute viral hepatitis 

Primary lymphoma of the kidney 

Severe exertional rhabdomyolysis 

Hemolytic uremic syndrome (HUS) 


The likelihood of recovery from, and appropriate 
treatment of ARF, depends on the amount of urine 
output and the underlying cause. Quantifying the 
urine output is essential, because the amount of urine 
will often predict the clinical course and may aid in 
identifying the underlying renal insult. Patients with 
non-oliguric or high-output ARF (Table 23.1) have 
lower complication rates and higher survival rates 
than those with anuric or oliguric ARF.* Further- 
more, children with acute interstitial nephritis or 
nephrotoxic renal insults, including aminoglycoside 
nephrotoxicity, are more likely to have ARF associ- 
ated with either normal or increased urine output. In 
contrast, children with renal hypoperfusion injury, 
acute glomerulonephritis, hemolytic uremic syn- 
drome (HUS), or other causes are more likely to have 
ARE associated with anuria or oliguria. The underly- 
ing cause of ARF may be classified as prerenal failure, 
intrinsic renal disease, or postrenal failure. It is impor- 
tant to note that many cases of ARF are multifactor- 


ial, especially in hospitalized children. 


Prerenal failure 


In prerenal ARF, renal function may be initially 
normal, but severe and/or prolonged renal hypoper- 
fusion leads to renal injury and intrinsic ARF. Pre- 
renal ARF results from renal hypoperfusion caused by 


intravascular volume contraction, decreased effective 
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circulating blood volume, or from altered intrarenal 
hemodynamics. True intravascular volume contrac- 
tion results from dehydration, acute blood loss, or 
extravascular accumulation of fluid — so-called third 
spacing of fluid. This is most often encountered in 
patients with the systemic inflammatory response syn- 
drome or with hypoalbuminemia. Infants are particu- 
larly vulnerable to excessive volume loss. They have a 
proportionally higher percentage of insensible water 
losses and, in addition, cannot maximally concentrate 
their urine as a result of immature kidneys. Decreased 
effective blood circulation occurs when the true blood 
volume is normal or increased but renal perfusion is 
decreased. This occurs in left-sided heart failure, car- 
diac tamponade, or  hepatorenal syndrome." 
Intrarenal afferent arteriolar vasoconstriction occurs 
in hepatorenal syndrome, calcineurin toxicity, and 
non-steroidal anti-inflammatory drug (NSAID) use; 
intrarenal efferent arteriolar vasodilation occurs with 
the use of angiotensin-converting enzyme (ACE) 
inhibitors. Afferent arteriolar vasoconstriction or 
efferent arteriolar vasodilation decreases the glomeru- 
lar filtration. 

In prerenal ARF, the kidneys are intrinsically 
normal and the reduced GFR and urine output are 
appropriate physiologic responses to the reduced 
renal blood flow. In the early stages, restoration of 
renal perfusion results in a prompt return of renal 
function to normal. If the insult is prolonged, acute 
tubular necrosis (ATN) may develop and the ARF 
will not immediately correct with improved renal per- 
fusion. This signifies the progression to intrinsic renal 
disease. The evolution from prerenal failure to intrin- 
sic renal disease is a gradual process because there are 
a number of compensatory mechanisms that maintain 
adequate renal perfusion. The two primary mediators 
of the intrarenal compensatory mechanism are the 
prostaglandins (PGL, PGE,, and PGD,) and 
angiotensin II. The prostaglandins promote compen- 
satory vasodilation of the glomerular afferent arteri- 
oles in an attempt to maintain adequate blood flow 
and preclude further deterioration of renal function.® 
Angiotensin II causes a preferential constriction of the 
glomerular efferent arterioles, which increases 
glomerular filtration pressure.” The dilation of the 
afferent arteriole and constriction of the efferent arte- 
riole work in concert to promote an increased filtra- 
tion fraction and thereby maintain the GER. 
Furthermore, angiotensin I, through direct action on 
the proximal tubule and through the effect of aldos- 
terone on the distal tubule, causes increased sodium 
and water reabsorption. This helps to maintain an 


appropriate intravascular volume at the expense of a 
decreased urine output. 


Intrinsic renal disease 


When ARF is the result of intrinsic renal pathology, 
attempts are made to define the location of the insult. 
Renal injury may occur at the level of the renal vascu- 
lature, tubules, interstitium, or glomeruli. The basic 
mechanisms of renal injury include hypoperfusion, 
ischemic cell damage, toxin-mediated cell injury, and 
inflammation. The inevitable outcome is varying 
degrees of cellular death as a result of necrosis or 
apoptosis.® 


Vascular injury 


Vascular injury may occur in large vessels, such as in 
renal artery thrombosis and renal vein thrombosis 
(RVT), or in the microvasculature, as in HUS and 
thrombotic thrombocytopenic purpura (TTP). Both 
renal artery thrombosis and RVT occur most com- 
monly in newborn infants, whereas HUS is most 
common in young children. Conversely, TTP is rarely 
seen in pediatrics. Renal artery thrombosis is often 
associated with umbilical artery catheters and may 
result in hypertension. ARF rarely occurs unless there 
is a solitary kidney or the thrombosis is bilateral. In 
newborns, RVT is associated with maternal diabetes, 
polycythemia, and sepsis. Coagulation defects are 
increasingly being identified in neonates with RVT. 
In childhood, RVT is more closely associated with 
severe dehydration, nephrotic syndrome, and congen- 
ital hypercoagulable states.? RVT may present with 
large palpable kidneys, gross hematuria, hyperten- 
sion, or oliguria. The neonate with RVT is usually 
very ill but the condition may also be clinically silent. 

The classic triad seen in HUS is acute hemolytic 
anemia with fragmented erythrocytes, thrombocy- 
topenia, and ARF. The illness is usually preceded by 
an episode of acute gastroenteritis, often accompanied 
by bloody diarrhea. Sudden onset of pallor usually 
develops several days after the diarrheal illness 
resolves. Oliguria is a common feature and one clue 
to making an early diagnosis is that the urine output 
remains decreased even with appropriate rehydration. 
The condition is usually caused by Escherichia coh 
O157:H7, a Shiga toxin-producing strain. The Shiga 
toxin is directly toxic to the glomerular vascular 
endothelium, where it initiates local coagulation 
(thrombotic microangiopathy), and to renal tubules, 
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where it induces ATN. Several other strains of E. coli, 
as well as Shigella dysenteriae and Aeromonas produce 
similar toxins that cause HUS. Non-diarrhea-associ- 
ated HUS is a much less common condition that is 
caused by Streptococcus pneumoniae infections. Addi- 
tional causes include bone marrow transplantation, 
human immunodeficiency virus (HIV) infection, and 
medications. Inherited causes include deficiencies of 
factor H, factor I, and membrane cofactor protein 


(CD46). 


Glomerular injury 


Acute glomerulonephritis (AGN) is common in 
school-age children but rare in children under the age 
of 2 years. Postinfectious glomerulonephritis is the 
most common cause in childhood. Anti-GBM 
(glomerular basement membrane) antibody disease, 
ANCA (antineutrophil cytoplasmic autoantibody) pos- 
itive (pauci-immune)  glomerulonephritis, lupus 
nephritis, immunoglobulin A (IgA) nephropathy, 
Henoch-Schonlein purpura nephritis, and membra- 
noproliferative glomerulonephritis all cause ARF.8 The 
clinical features of AGN include hypertension, oliguria, 
painless cola-colored gross hematuria, and edema that 
is more often periorbital than pedal; laboratory find- 
ings include proteinuria, red blood cell (RBC) casts, an 
increased serum creatinine concentration, evidence of 
antecedent streptococcal infection, and a low serum 
complement C3 concentration. Glomerular hypercellu- 
larity and inflammation result in a decreased GFR, 
reduced urine output, retention of potassium, and 
signs of fluid overload. The tubules and interstitium are 
mostly spared during the inflammatory process. Each 
of the glomerulonephritides can lead to rapidly pro- 
gressive glomerulonephritis (RPGN). This condition is 
characterized by oligoanuria, rapidly rising serum crea- 
tinine, and extensive crescent formation on renal 
biopsy. A diagnosis of RPGN must be made as soon as 
possible because treatment with corticosteroids, often 
used together with plasmapheresis, is essential in order 
to preserve renal function. 


Tubular injury 


Tubular injury is also known as acute tubular necrosis 
(ATN) and is the end result of either ischemic or 
toxin-mediated damage to the tubules. The tubular 
epithelial cells are particularly sensitive to anoxia and 
are vulnerable to toxins. The cells of the straight seg- 
ment of the proximal tubule and the thick ascending 
limb of the loop of Henle are highly dependent on 


oxidative phosphorylation. This serves to maintain 


their high energy demand, which is required for their 
transport functions. As a result, they are particularly 
susceptible to ischemia and to nephrotoxins that dis- 
rupt energy supply or mitochondrial function. !° 

Ischemia-induced ATN is the result of renal hypop- 
erfusion. If the insult is prolonged and severe, prere- 
nal ARF may progress to ATN that is no longer 
immediately reversible with restoration of appropriate 
renal perfusion. Tubular epithelium damage results in 
the release of vasoactive compounds that increase 
afferent arteriolar resistance, thereby decreasing renal 
blood flow and perpetuating tubular injury. This 
process is known as tubuloglomerular feedback and 
plays an important role in the progression from renal 
hypoperfusion to tubular injury. The vasoconstriction 
is exacerbated by adrenergic stimulation, decreased 
intrarenal prostaglandin synthesis, and increased 
angiotensin II formation.’ The decrease in GFR is 
further reduced by the intraluminal tubular obstruc- 
tion caused by the debris formed from sloughing 
tubular cells as they undergo apoptosis. The denuded 
tubular epithelium allows tubular back-leak of 
glomerular filtrate into the medullary interstitium 
where it is returned to the systemic circulation. Tubu- 
loglomerular feedback, intraluminal tubular obstruc- 
tion, and tubular back-leak are all interrelated in the 
complex pathogenesis of ARF.!! Several other 
vasoactive compounds, including endothelin and 
nitric oxide, are implicated in the progression of ARF 
but their roles are not fully elucidated. 

The clinical course of ischemia-induced ATN com- 
prises the anticipation phase, the initiating phase, the 
maintenance phase, and the recovery phase.!* During 
the initiating phase, the only signs might be a slight 
decrease in urine output and a rise in serum creatinine 
concentration and BUN. The maintenance phase is 
characterized by oliguria, fluid overload, acidosis, 
hyperkalemia, and a more rapid decline in GFR (usu- 
ally with oliguria or anuria). Polyuria in the context of 
increasing serum creatinine concentrations is known 
as non-oliguric ARF. The recovery phase is character- 
ized by polyuria, kaliuresis, and hypokalemia, while 
the serum creatinine and BUN begin to return to 
normal. The recovery process may take weeks to 
months, and more subtle impairments of tubular 
function may persist for even longer. If the ATN is 
prolonged and severe, the child may develop cortical 
necrosis, which is often associated with only partial 
recovery of renal function. 

Many medications, poisons, or endogenous toxins 
can cause toxin-mediated ATN. Common nephro- 
toxic medications are aminoglycosides, amphotericin, 
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Table 23.2 Nephrotoxins 


Aminoglycosides 
Trimethoprim 


Amphotericin 
Sulfinpyrazone 


Acyclovir Fluoroquinolones 
Mefenamic acid Cisplatin 

NSAIDs Acetaminophen 
lfosfamide Calcineurins 
Diethylene glycol Paraquat 


acyclovir, cisplatin, and radiocontrast agents (Table 
23.2).8 

Aminoglycoside nephrotoxicity occurs in 10-26% 
of patients! usually after 1 week of treatment, 
although the ARF may be delayed until after discon- 
tinuation of the medication. The renal injury usually 
presents with a decrease in urine concentrating capac- 
ity, and is usually transient, mild, and non-oliguric. 
Serum and urine electrolyte abnormalities range from 
combinations of hypokalemia, hypomagnesemia, and 
hypocalcemia to a complete acquired Fanconi syn- 
drome or an acquired Bartter syndrome. 13-14 Accumu- 
lation of aminoglycosides in the lysosomes of the 
proximal tubules induces cell necrosis and the excre- 
tion of low molecular weight proteins (B,-microglob- 
ulin) and brush border enzymes. Risk factors for 
aminoglycoside-induced ARF are extremes of age, 
hypovolemia, pre-existing renal insufficiency, multiple 
nephrotoxic agents, hypokalemia, hypomagnesemia, 
prolonged use, total lifetime exposure, and elevated 
peak and trough levels.*+!! It is important to note that 
studies in humans are dogged by confounding vari- 
ables of the critically ill and that the choice of an 
aminoglycoside should not be governed by nephro- 
logic criteria; the dosing, however, must be adjusted 
for the level of GFR. In most cases there is full recov- 
ery, with no evidence of permanent injury or CRF. 

Patients with amphotericin B-induced renal injury 
often present with non-oliguric ARF. Amphotericin 
B injures many different nephron segments as well as 
the collecting duct. In addition to toxin-mediated 
ARF, amphotericin B may also cause hypokalemia 
and hypomagnesemia. Distal renal tubular acidosis 
occurs as a result of back-leakage of hydrogen ions 
into the interstitium.’ Risk factors for the develop- 
ment of ARF include maximal daily dose, duration of 
therapy, and concomitant use of cyclosporin A. 

Acyclovir-induced ARF is usually non-oliguric and 
may present with microscopic hematuria. Acyclovir is 
relatively insoluble in urine and, by forming crystals 
within the renal tubule, causes intratubular obstruc- 


tion and a reduced GFR. Risk factors for the devel- 
opment of ARF include high doses, rapid intravenous 
administration, hypovolemia, and pre-existing renal 
disease.’ 

Radiocontrast-induced nephropathy is uncommon 
in children and is usually mild and transient. The 
pathogenesis is unclear. Risk factors for contrast 
nephropathy include underlying renal disease, dehy- 
dration, large doses of contrast media, congestive 
heart failure, diabetes mellitus, NSAIDs, and ACE 
inhibitors.” 

Poison-mediated ATN may occur from direct 
tubular toxicity, as in mercury poisoning, or from 
crystal formation, as in ethylene glycol and methanol 
poisoning. Both ethylene glycol and methanol are 
non-toxic until they are metabolized by alcohol dehy- 
drogenase into their metabolites. Once their metabo- 
lites have been generated, crystals will form in the 
tubules, causing obstruction and ARF.’ 

Endogenous toxins that can cause ATN are myo- 
globin, hemoglobin, and uric acid. Pigment-induced 
ATN can be precipitated by either hemoglobinuria or 
myoglobinuria. Tubular injury results from the 
precipitation of pigment in the tubules and heme pro- 
tein-induced oxidative stress.!! Myoglobin- or hemo- 
globin-induced ARF is more likely to develop in the 
presence of dehydration, metabolic acidosis, severe 
muscle damage, or multiple organ failure. Rhabdomy- 
olysis is caused by viral infections (influenza), medica- 
tions (statins), seizures, prolonged exercise, or illicit 
drug use (Table 23.3). An elevated serum creatine 
phosphokinase level can confirm the diagnosis. The 
association between cocaine and rhabdomyolysis has 
been widely reported, whereas the association with 
amphetamines has only been described in case reports. 
Cocaine appears to have direct toxic effects on skeletal 
muscle as well as vasoconstrictive properties, which 
lead to muscle ischemia.!° Several proposed mecha- 
nisms have been put forward to explain methamphet- 


Table 23.3 Causes of rhabdomyolysis 


Chronic and inflammatory myopathy 
Metabolic myopathy 

Non-ketotic hyperosmolar coma 
Viral myositis 

Malignant hyperthermia 

Muscular dystrophy 

Trauma 

Exercise 

Dystonia 

Cocaine/methamphetamine ingestion 
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amine-induced rhabdomyolysis, although direct 
myocyte toxicity has never been demonstrated. 
Amphetamine users are often agitated and experience 
uncontrolled choreiform movements. The rhabdomy- 
olysis might occur in a fashion similar to the exertional 
rhabdomyolysis after exhaustive physical exercise.1>!6 
Hemolysis occurs in sickle cell disease, immune-medi- 
ated hemolysis, or glucose-6-phosphate dehydroge- 
nase (G6PD) deficiency.!! 

Treatment of pigment-induced ARF includes 
volume expansion, forced diuresis with a loop 
diuretic, and alkalinization of the urine to increase 
pigment solubility.’ An increasing serum creatinine 
concentration with fluid overload, despite adequate 
treatment, is an indication for hemodialysis. 

Tumor lysis syndrome can be caused by excessive 
release of uric acid, phosphorus, and cell products, usu- 
ally during treatment of acute lymphocytic leukemia or 
B-cell lymphoma. The probable mechanism of injury is 
related to precipitation of uric acid crystals in the 
tubules, with obstruction of urine flow. The highest 
risk for tumor lysis syndrome is with the most rapidly 
growing tumors or during induction chemotherapy. 

Aggressive hydration, with the administration of 
allopurinol, helps to decrease the uric acid burden and 
the risk of tubular precipitation. Rasburicase (urate 
oxidase) is an effective alternative to allopurinol for 
rapidly reducing uric acid levels, improving patients’ 
electrolyte status, and reversing renal insufficiency. 
Screening for G6PD deficiency is essential prior to 
rasburicase administration, as it may cause hemolytic 
anemia and methemoglobinemia in susceptible 
patients.!” Dialysis may be necessary if the metabolic 
abnormalities cannot be controlled with the afore- 
mentioned medical management. 


Interstitial injury 


Interstitial nephritis most often occurs as a result of 
exposure to medications. It is also associated with 
infections, systemic diseases, tumor infiltrates, or 
genetic conditions. In many cases no cause is found. 
Medications commonly associated with interstitial 
nephritis include extended-spectrum penicillins, 
NSAIDs, sulfonamides, and rifampin. Almost every 
known medication has been implicated. The patho- 
genesis of medication-induced acute interstitial 
nephritis is thought to be a hypersensitivity-type or 
allergic reaction that causes an inflammatory reaction 
mainly in the medullary interstitium. Many patients 
are asymptomatic or have vague complaints. Typical 
symptoms include fever, rash, arthralgias, and flank 


pain. Urine output is usually increased or normal 
because this the most frequent cause of non-oliguric 
ARF. It is important to note interstitial nephritis does 
not present with gross hematuria or isolated micro- 
scopic hematuria and the urine may be bland or there 
may be combinations of microscopic hematuria, mild 
proteinuria, pyuria, white blood cell (WBC) casts, 
eosinophiluria, and peripheral eosinophilia. Acute 
pyelonephritis, Epstein-Barr virus (EBV), and 
cytomegalovirus (CMV) also cause interstitial nephri- 
tis. Sarcoidosis and tubulointerstitial nephritis and 
uveitis (TINU) are rare causes. 


Postrenal failure 


Congenital obstructive uropathies are among the most 
frequent causes of CRF in pediatrics; this is often erro- 
neously referred to as ARF when the presentation is in 
the newborn child. ARF is rarely the result of postre- 
nal obstruction, except when this occurs in solitary 
kidneys either from aplasia or transplantation. In pedi- 
atric individuals with two functioning kidneys, postre- 
nal ARF will occur only with urethral obstruction, 
bladder neck obstruction, or bilateral ureteric obstruc- 
tion, because a single normal kidney has sufficient abil- 
ity to maintain a normal GFR. Most patients with 
acute obstruction leading to ARF have oliguric ARF, 
although non-oliguric ARF can occur with partial 
obstruction. Renal calculi, ureteral blood clots, 
retroperitoneal fibrosis, neurogenic bladder, bladder 
tumors and urethral strictures can cause an obstruction 
at different levels of the urinary tract and lead to 
ARF.!! During acute obstruction a decreased GFR is 
the result of a rise in the intraluminal tubular pressure. 
A further decline in renal function is caused by arteri- 
olar vasoconstriction. A prompt diagnosis is necessary 
to provide appropriate urologic 
Hydronephrosis detected by renal ultrasound is an 
important finding. All patients with suspected obstruc- 
tion should undergo bladder catheterization, as it may 
be therapeutic as well as diagnostic. Percutaneous 
nephrostomy, lithotripsy, ureteral stenting, and ure- 
thral stenting are indicated when appropriate. 


intervention. 


Diagnostic approach to acute renal 
failure 


History and physical examination 


The history and physical examination can provide 
invaluable clues that help determine whether the ARF 
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is a result of a prerenal, renal, or postrenal event. A 
careful review of the patient’s past medical history, 
family history, medication use, trauma, and recent 
febrile illnesses is essential. Furthermore, a careful 
assessment of fluid intake and urine output can help 
to narrow the differential diagnosis as well as dictate 
future management. A major purpose of the physical 
examination in a patient with ARF is to attempt to 
determine the effective circulating volume. The 
patient’s weight, blood pressure (sitting and stand- 
ing), and pulse rate provide important clues. On gen- 
eral examination the patient must be carefully assessed 
for edema, state of hydration, pallor, petechiae, 
rashes, and abdominal signs of tenderness, bladder 
fullness, and visceromegaly. Careful cardiac and pul- 
monary examinations are performed to determine the 
degree of fluid overload. Clues for systemic diseases 
such as rash, jaundice, arthritis, or uveitis must always 
be looked for. 


Urine studies 


The urinalysis, urinary sediment, and urine indices are 
the most important factors in determining the cause 
of ARF. But these parameters must never be inter- 
preted on their own; each value must be interpreted 
in relation to clinical findings and serum chemistry 
results. A high urine specific gravity (SG), in the 
absence of proteinuria, is suggestive of decreased 
effective circulatory volume and prerenal ARF. An 
inappropriately dilute SG suggests tubular injury or 
interstitial nephritis. A dipstick test that is >3+ posi- 
tive for protein indicates intrinsic ARF with glomeru- 
lar damage. Less proteinuria (<2+) may be seen in 
prerenal ARF, ATN, and postrenal ARF. Protein 
excretion >2 g/24 hours suggests glomerular injury. 
A positive urine dipstick for blood usually indicates 
hematuria. However, if there are no red blood cells 
(RBCs) on microscopic examination, myoglobinuria 
or hemoglobinuria must be considered. RBCs with 
RBC casts strongly suggest a glomerular lesion, espe- 
cially in conjunction with significant proteinuria. 
WBCs and WBC casts are seen in pyelonephritis, 
acute postinfectious glomerulonephritis, and acute 
interstitial nephritis. Pigmented casts, granular casts, 
tubule epithelial cells and casts, and cellular debris 
characterize the urinary sediment in ischemic ATN. 
Urine diagnostic indices, which are particularly 
helpful in characterizing ARF, include urine sodium 
and creatinine concentrations. When used in conjunc- 
tion with the serum sodium and creatinine, the frac- 
tional excretion of sodium (FENa) can be calculated: 


urine, X plasmag, 


FENa = - 
plasmay, X urineg, 


x 100 


The results of the FENa, urine sodium, and urine 
osmolality can be used to differentiate between pre- 
renal and intrinsic ARF. A low urinary sodium 
(<10 mmol/L) and a low FENa (<1%) indicate avid 
sodium and water retention. This is characteristic of 
prerenal ARF in which the intact proximal and distal 
tubules are able to respond appropriately to renal 
hypoperfusion. Conversely, the damaged tubules in 
ATN are unable to reabsorb sodium efficiently and 
this results in a high urine sodium concentration 
(>10 mmol/L) and an FENa of >2%. Two impor- 
tant caveats when using the FENa to assess ARF are 
underlying renal disease and the concurrent use of 
diuretics. In postrenal obstruction the indices are 
more variable and not very helpful. Early in the 
course of the disease they may resemble those of pre- 
renal ARF, but as tubular damage progresses the 
indices become more similar to those of intrinsic 


ARF.SH 


Blood studies 


Evaluation of the BUN and serum creatinine concen- 
tration is essential in making a diagnosis of ARF, but 
the serum electrolyte concentrations are more impor- 
tant guides for morbidity and mortality. The serum 
potassium concentration must be monitored closely 
in a patient with oliguria and, even more so, anuria. 
Life-threatening hyperkalemia, particularly in associa- 
tion with a metabolic acidosis, must be treated imme- 
diately. Hemoglobin, hematocrit, platelet count, and 
serum concentration of calcium, phosphorus, bicar- 
bonate, and albumin must be routinely evaluated in 
patients with ARF. Serologic tests for streptococcal 
infection and complement studies are indicated if 
there are signs of AGN. It has traditionally been 
taught that a serum BUN: creatinine ratio of >20 
suggests prerenal ARF, whereas the ratio is about 10 
in ATN. Unfortunately, this ratio is affected by many 
factors, including a catabolic state and gastrointestinal 
bleeding, which negates its value in critically ill 
patients. |! 


Diagnostic imaging 


The two most helpful initial imaging studies in 
patients with ARF are a chest radiograph and a renal 
ultrasound. Chest radiographs can help define 
whether there is significant cardiomegaly or pul- 
monary edema as a result of fluid overload. Renal 


Acute renal failure 363 


ultrasonography is extremely useful when either 
obstruction or RVT is suspected. Additionally, if it is 
unclear whether the patient has ARF or CRF, the 
ultrasound may be diagnostic. In patients with ARF, 
the kidneys are often large and swollen. Conversely, 
the kidneys in CRF are often small, scarred, or dys- 
plastic. In both instances they lose the normal corti- 
comedullary differentiation and are echogenic. 


Renal biopsy 


A percutaneous renal biopsy may be indicated in chil- 
dren with ARF if the cause is unknown or if there is 
any suspicion of a crescentic glomerulonephritis. 


Complications of ARF 


The major complications of ARF are either related to 
metabolic dysfunction or to fluid overload. Metabolic 
complications of ARF are hyperkalemia, metabolic 
acidosis, hypocalcemia, hyperphosphatemia, hypona- 
tremia, and rarely uremia (Table 23.4). Hyperkalemia 
is the single most life-threatening complication of 
ARF. The hyperkalemia is the result of impaired 
tubular secretion, decreased filtration fraction, and 
extracellular shifts of potassium induced by acidosis. 
Peaked T waves are usually the first manifestation of 
cardiotoxicity followed by prolongation of the PR 
interval and widening of the QRS complex. Prompt 
treatment of hyperkalemia is required in order to pre- 
vent ventricular tachycardia or fibrillation. Uremia is 
characterized by mental status changes, evidence of 
serositis, and bleeding diathesis as a result of platelet 
dysfunction. It occurs when urea and other waste 
products build up in the tissues because the kidneys 
are unable to eliminate them adequately. 

There are multiple causes for hypocalcemia in ARF, 
including hyperphosphatemia, decreased gastroin- 
testinal calcium absorption, vitamin D deficiency, and 
parathyroid hormone (PTH) resistance. The most 


Table 23.4 Complications of acute renal failure 


Fluid overload 
Hypertension 
Hyperkalemia 
Hyponatremia 
Metabolic acidosis 
Hyperphosphatemia 
Hypocalcemia 
Hyperuricemia 


important acute reason is hyperphosphatemia. The 
hypocalcemia is usually mild and may cause tetany if 
markedly reduced. The hyperphosphatemia in ARF is 
the result of decreased renal excretion. Metabolic aci- 
dosis is very common in ARF. Declining renal func- 
tion reduces the kidney’s ability to excrete the net 
acids generated by the diet and to carry out normal 
metabolic function. Paradoxically, metabolic acidosis 
increases the fraction of serum calcium in the ionized 
form, which lessens the risk of hypocalcemia. Special 
attention must be paid to the serum ionized calcium 
concentration when correcting metabolic acidosis 
because tetany may ensue. 

Patients with oliguric or anuric ARF commonly 
present with hypervolemia and fluid overload. The 
hypertension is usually caused by fluid overload, but 
may also be the result of changes in vascular tone or 
activation of the renin—angiotensin system. If the fluid 
overload worsens, the patient may develop pul- 
monary edema and/or congestive heart failure. 


Management of acute renal failure 


There are five main principles in managing ARF: 


l Maintaining appropriate renal perfusion 

2 Avoidance of nephrotoxic agents 

3 Establishing fluid balance 

4 Maintaining electrolyte and acid-base balance 
5 Providing nutritional support 


In almost all circumstances, with the important excep- 
tion of glomerular nephritides, renal hypoperfusion is 
a predisposing factor to the development of ARF. 
Optimizing intravascular volume is a fundamental 
principle in preventing the development and progres- 
sion of ARF. If children at risk for the development 
of ARF are adequately hydrated prior to a known 
incipient insult, the extent of the renal injury can 
often be decreased or even prevented. This is particu- 
larly important prior to the administration of contrast 
media, aminoglycosides, cisplatin, or amphotericin, 
and in preoperative patients. Additionally, it is impor- 
tant to stop or avoid medications that cause intrarenal 
afferent arteriole vasoconstriction (NSAIDs) or effer- 
ent arteriole vasodilation (ACE inhibitor). Even in 
well-hydrated patients, potential nephrotoxic agents 
should only be used when necessary and with special 
attention to dosing schedules and by monitoring 
serum concentrations. 

Establishing fluid balance is perhaps the most chal- 
lenging and critical step in managing ARF. Prerenal 
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ARF is the most common situation in which intrin- 
sic renal damage can be prevented. Any hypovolemic 
patient who presents with oligoanuric ARF has a 
potential prerenal component. The first step in man- 
aging a patient with potential prerenal ARF is fluid 
resuscitation with one or more rapid infusions of 
normal saline, without any potassium, unless the 
patent is hypokalemic as a result of diarrhea or a 
tubulointerstitial disease. Maintenance fluids and 
replacement of ongoing losses should not be 
neglected during this period of initial rehydration. If 
the urine output does not increase after the patient is 
assessed to be euvolemic, intrinsic renal damage must 
be assumed. At this stage, in the absence of increased 
urine output, fluid restriction becomes essential to 
avoid hypertension, pulmonary edema, and conges- 
tive heart failure. During fluid restriction the patient 
should receive insensible losses (400 ml/m?/24 hours 
of D5W) + urine output losses (milliliter per milli- 
liter replacement with 0.45% NS). If the patient 
becomes hypervolemic after fluid resuscitation or 
requires large quantities of blood products or intra- 
venous alimentation, a diuretic such as furosemide is 
administered in an attempt to increase urine output. 
Diuretics must be used with caution in the absence of 
good evidence of euvolemia or hypervolemia because 
they may worsen any prerenal component of the 
ARF. Patients who present with non-oliguric ARF 
(acute interstitial nephritis or the recovery phase of 
ATN) may actually be polyuric and require greater 
than normal volumes of fluid to avoid intravascular 
volume depletion. ?? 

Maintaining the electrolyte and acid-base balance 
involves managing hyperkalemia, hypocalcemia, 
hyperphosphatemia, and metabolic acidosis. All 
potassium must be removed from the intravenous 
fluids in any patient with oligoanuric ARF. Treat- 
ment of hyperkalemia is indicated if electrocardio- 
gram (ECG) abnormalities are noted or if serum 
concentrations are higher than 6-7 mEq/L. Treat- 
ment regimens are those that protect against hyper- 
kalemia, those that potassium 
intracellularly, and those that remove potassium from 
the body.’ Calcium gluconate, which is cardioprotec- 
tive against the conduction abnormalities induced by 
hyperkalemia but does not remove potassium, is 
administered (0.5-1.0 mg/kg/dose) early in the 
course of treatment. Redistributive measures include 
albuterol, bicarbonate, and insulin + glucose infu- 
sions. All three interventions shift potassium intracel- 
lularly within 30 minutes; these are only temporizing 
measures and the serum potassium concentration may 


redistribute 


rise rapidly after they are discontinued. Potassium can 
be removed from the body via the gastrointestinal 
tract, the kidney, or by dialysis. Sodium polystyrene 
(Kayexalate), administered as 1 g/kg, exchanges 
sodium for potassium in the gastrointestinal tract and 
effects potassium removal. For every 1 g/kg of 
sodium polystyrene administered, the serum potas- 
sium decreases by 1 mmol/L. Hypernatremia is a side 
effect from excessive sodium absorption. If the 
patient is not anuric, loop diuretics are used to pro- 
mote potassium losses by kaliuresis. Dialysis is the 
definitive therapy in patients who do not respond to 
these regimens.® 

Hypocalcemia is usually mild and responds to cor- 
rection of the hyperphosphatemia and dietary cal- 
cium supplementation. Intravenous calcium infusion 
is indicated if there is tetany or arrhythmia. Hyper- 
phosphatemia is treated by dietary restriction and 
oral phosphate binders. Calcium carbonate and cal- 
cium acetate are well tolerated as phosphate binders 
when taken with meals. The treatment of the meta- 
bolic acidosis is important for maintaining a normal 
pH for optimal metabolism and for reducing the 
hyperkalemia. As previously mentioned, rapid cor- 
rection of the acidosis can cause a precipitous decline 
in the serum concentration of ionized calcium. Oral 
sodium bicarbonate or sodium citrate tablets are 
given to correct the metabolic acidosis, but intra- 
venous sodium bicarbonate is used for patients who 
have severe acidosis or who cannot take anything by 
mouth. 

Nutritional support is essential because the 
patients are in a highly catabolic state. This is partic- 
ularly challenging in oligoanuric patients who may 
be severely fluid restricted. Formula or parenteral 
nutrition should be concentrated whenever possible 
to provide maximum calories at a minimum volume. 
Children typically require only modest protein 
restriction (l-2 g/kg/day) and maintenance (or 
higher if catabolic) of non-protein calories. A low 
phosphorus and low potassium diet is also required. 
If adequate calories cannot be maintained because of 
fluid restriction, dialysis should be considered early 


in the course.® 


Dialysis 

The indications for initiating dialysis in ARF include: 

1 Volume overload unresponsive to conservative 
management 


2 Hyperkalemia, acidosis, or hypocalcemia unre- 
sponsive to medical therapy 
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3 Uremia (mental status changes, serositis, or bleed- 
ing diathesis) 
4 Nutritional support 


The patient’s overall condition must be considered 
before making a decision to start dialysis. This is also 
important when selecting the appropriate type of dial- 
ysis. One important consideration is the patient’s 
hemodynamic status. Hypotensive patients are poor 
candidates for hemodialysis but are often suitable for 
peritoneal dialysis or continuous renal replacement 
therapy (CRRT).!8 There are no precise criteria for 
selecting a particular dialysis modality, and practice 
patterns vary widely. However, CRRT is rapidly 
becoming the preferred modality for pediatric 
patients with ARF in the intensive care unit (ICU) 
setting. 1? 


Conclusion 


The prognosis for a child with ARF depends on the 
underlying cause, the length of insult, the number and 
type of other organs involved, the amount of residual 
urine output, and whether or not dialysis is 
required.?° The major complications of ARF include 
fluid overload, hyperkalemia, metabolic acidosis, 
hyperphosphatemia, and hypocalcemia. Azotemia 
rarely produces uremic symptoms in the modern era. 
Judicious management of these complications can 
improve the morbidity and mortality associated with 
ARF in children. Immediate treatment of the under- 
lying insult through fluid resuscitation in prerenal fail- 
ure or relieving an acute obstruction in postrenal 
failure can prevent progression to intrinsic renal fail- 
ure. Once intrinsic renal failure is established, it is 
essential to maintain adequate renal perfusion while 
avoiding further nephrotoxic insults whenever possi- 
ble. If medical management fails to control the fluid 
and metabolic abnormalities, dialysis may be neces- 
sary. The choice of which dialysis modality to employ 
primarily depends on the hemodynamic status of the 
patient. Recovery from intrinsic renal disease also 
depends on the underlying cause of the ARF. Chil- 
dren with acute interstitial nephritis or ATN typically 
recover normal renal function and are at low risk for 
long-term morbidity. Conversely, children who lose a 
substantial number of nephrons, as occurs in HUS, 
cortical necrosis, or RPGN, are at risk for the devel- 
opment of CRF long after the initial insult. These 
children require lifelong monitoring of blood pres- 
sure, renal function, and urinalysis. 


References 


1. Thadhani R, Pascual M, Bonventre JV. Acute renal fail- 
ure. N Engl J Med 1996; 334:1448-60. 

2. Liguori G, Trombetta C, Bucci S et al. Reversible acute 
renal failure after unilateral extracorporeal shock-wave 
lithotripsy. Urol Res 2004; 32(1):25-7. 

3. Treglia A, Moscoloni M. Irreversible acute renal failure 
after bilateral extracorporeal shock wave lithotripsy. J 
Nephrol 1999; 12(3):190-2. 

4. Mogal NE, Brocklebank JT, Meadow SR. A review of 
acute renal failure in children: incidence, etiology, and 
outcome. Clin Nephrol 1998; 49:91-5. 

5. Brady HR, Linger GG. Acute renal failure. Lancet 1995; 
346:1533-40. 

6. Whelton A. Nephrotoxicity of nonsteroidal anti-inflam- 
matory drugs: physiologic foundations and clinical impli- 
cations. Am J Med 1999; 106(5B):13-24S. 

7. Wargo KA, Chong K, Chan EC. Acute renal failure sec- 
ondary to angiotensin II receptor blockade in a patient 
with bilateral renal artery stenosis. Pharmacotherapy 
2003; 23(9):1199-204. 

8. Avner ED, Harmon WE, Niaudet P. Pediatric Nephrol- 
ogy, 5th edn. Philadelphia: Lippincott, Williams and 
Wilkins, 2004: 63-5, 1223-66. 

9. Schmidt B, Andrew M. Neonatal thrombosis: report of a 
prospective Canadian and international registry. Pedi- 
atrics 1995; 96:939-43. 

10. Cotran RS, Kumar V, Robbins SL. The kidney. In: 
Cotran RS, Kumar V, Robbins SL, eds. Pathologic Basis 
of Disease, 5th edn. Philadelphia: WB Saunders, 1994: 
927-89. 

ll. Bhimma R, Kaplan BS. Acute renal failure. In: Hogg RJ. 
Kidney Disorders in Children and Adolescents: A Practi- 
cal Handbook. London: Taylor and Francis, 2006. 

12. Kaplan BS, Meyers KEC. Pediatric Nephrology and 
Urology: The Requisites in Pediatrics, lst edn. Philadel- 
phia: Elsevier Mosby, 2004: 241-9. 

13. Gainza FJ, Minguela JI, Lampreabe I. Aminoglycoside- 
associated Fanconi’s syndrome: an underrecognized 
entity. Nephron 1997; 77:205-11. 

14. Landau D, Kher KK. Gentamicin-induced Bartter-like 
syndrome. Pediatr Nephrol 1997; 11:737—40. 

15. Richards JR. Rhabdomyolysis and drugs of abuse. J 
Emerg Med 2000; 19(1):51-6. 

16. Richards JR, Johnson EB, Stark RW, Derlet RW. 
Methamphetamine abuse and rhabdomyolysis in the ED: 
a 5-year study. Am J Emerg Med 1999; 7:681-5. 

17. Browning LA, Kruse JA. Hemolysis and methemoglo- 
binemia secondary to rasburicase administration. Ann 
Pharmacother 2005; 39:1932-5. 

18. Maxvold NJ, Smoyer WE, Gardner JJ et al. Management 
of acute renal failure in the pediatric patient: hemofiltra- 
tion vs hemodialysis. Am J Kidney Dis 1997; 
30(S4):84-8. 

19. Flynn JT. Choice of dialysis modality in pediatric acute 
renal failure. Pediatr Nephrol 2002; 17:61-9. 

20. Arora P, Kher V, Rai PK et al. Prognosis of acute renal 
failure in children: a multivariate analysis. Pediatr 
Nephrol 1997; 11(2):153-5. 


Renal transplantation 


24 


Nafisa Dharamsi, Curtis Sheldon, and Jens Goebel 


Kidney transplantation is generally the therapy of 
choice for children with end-stage renal disease 
(ESRD) and has very few true contraindications 
(Table 24.1). For pediatric patients, this treatment 
modality offers special advantages with regards to 


Table 24.1 Contraindications to transplantation? 


Malignancy 

Chronic persistent infection 

Recalcitrant non-compliance 

Ongoing substance abuse 

Severe irreversible extrarenal disease, including 
psychiatric illness 

Absent insurance or equivalent coverage 


4 Contraindications are potentially modifiable — 
e.g. ‘safe’ time periods after curative treatment 
for malignancy are available in the literature; 
some centers offer kidney transplantation to 
certain patients infected with human 
immunodeficiency virus (HIV); non-compliance 
and substance abuse can be overcome in some 
instances; and financial coverage can eventually 
be established in many circumstances. 
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growth and development,!? in addition to the gener- 
ally superior outcomes and cost-effectiveness of 
kidney transplantation as compared with chronic dial- 
ysis.4 Patient as well as short- and mid-term graft 
survival have improved steadily over the past decades 
(Figure 24.1) due to ongoing advances in many areas 
related to transplantation, including the introduction 
of newer and more potent immunosuppressants. 
Accordingly, acute rejection rates within the first 12 
months post-transplant are at an all-time low (Table 
24.2). The improved graft survival has resulted in 
increasing recognition of several long-term complica- 
tions affecting kidney transplant recipients, such as 
chronic allograft nephropathy (CAN), the high inci- 
dence of cardiovascular (CV) disease and malignan- 
cies, compared with the general population, 
post-transplant bone disease and non-compliance.!? 
These complications, with special impact on pediatric 
patients because of their comparably longer life 
expectancy, represent the challenges faced by the 
transplant community in the years ahead. 

Based on Organ Procurement and Transplantation 
Network data from January 2005, approximately 5% 
of all kidney transplant recipients are <18 years old. 
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Figure 24.1 Patient (a) and graft (b) survival by era and allograft source in pediatric kidney transplantation. LD, living 
donor; CD, cadaveric/deceased donor. (Reproduced with permission from the NAPRTCS (North American Pediatric 


Renal Trials Collaborative Studies) 2004 Annual Report.) 
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Table 24.2 Acute rejection probability within the first 
post-transplant year by era in pediatric kidney 
transplantation 


Transplant Living donor Cadaver donor 
ee % SE % SE 
1987-1990 54.2 1.7 69.0 15 
1991-1994 45.0 15 60.8 1.6 
1995-1998 34.0 1.4 41.0 Und/ 


1999-2003 24.8 1.6 28.8 2% 
From NAPRTCS 2004 Annual Report. 


The causes of ESRD in these pediatric patients are 
substantially different from those in adults, as there is 
a preponderance of congenital obstructive and dys- 
plastic conditions in pediatric patients and a virtual 
absence primary hypertensive 
nephropathy, the two most common causes of ESRD 
other than glomerular disease in adults (Table 24.3). 
Importantly, and as also shown in Table 24.3, failure 
of a previous renal allograft is the fourth most 
common indication for kidney transplantation both in 
children and adults. Lastly, there is an emerging addi- 
tional group of individuals, including children, 
requiring treatment for chronic renal insufficiency 
(CRI) or ESRD: namely, recipients of non-kidney 
organ transplants who have developed renal dysfunc- 
tion in large part related to chronic calcineurin 
inhibitor (CI) use.5 


of diabetic or 


Urologic involvement in CRI care 


The preponderance of primary urologic disease in 
children waiting for a kidney transplant explains why 
many of these patients will require pediatric urology 


services before, during, and after kidney transplanta- 
tion. Early and aggressive management of CRI due to 
primary urologic disease may delay progression to 
ESRD and attenuate the adverse effects of uremia on 
growth and development. Elevated bladder pressures 
have specifically been shown to have a detrimental 
effect on upper tract function,° and upper tract dete- 
rioration in children with neurogenic bladders has 
been correlated with 
>40 cmH,O. This critical pressure threshold is asso- 
ciated with the onset of renal papillary morphologic 
distortion and intrarenal reflux of urine.” Such pres- 
sures can be documented using urodynamic studies 
with a focus on specific parameters, including compli- 
ance (pressure and volume), leak point pressures, 
voiding pressure, and postvoid residual urine (PVR). 

The relationship between bladder dysfunction and 
deterioration of renal function is also illustrated in 
children with posterior urethral valves.!° Figure 24.2 
demonstrates the effect of age on bladder compliance 
in patients with ESRD that results from this disease. 
Urologic management of ‘valve bladders’ requires 
consideration of these maturational changes in func- 
tion of these bladders. In young children, they tend to 
feature elevated pressures and low compliance, only 
to develop into larger-capacity, low-pressure reser- 
voirs in older children. Medical management in this 
context is aimed at altering several parameters, includ- 
ing detrusor compliance and bladder emptying. Com- 
pliance can be altered by the administration of agents 
such as oxybutynin chloride or surgically by bladder 
augmentation. The detrusor pressure may be dramat- 
ically reduced for a given intravesical volume, but this 
may also result in an increase in PVR. In this persis- 
tently deleterious scenario, intermittent catheteriza- 
tion (IMC) will decrease PVR and lessen urinary 
stasis, thus reducing the risk for urinary tract infec- 
tions (UTIs). In addition, IMC prevents pressure 


intravesical pressures 


Table 24.3 Most frequent indications for kidney transplantation in adults and children 


Adults Children 

Indication LD Non-ECDD ECDD Indication % 
(%)  (%) (%) 

Glomerular disease 2 222 17.7 Obstructive uropathy 16.1 

Diabetes 20.4 19.1 28.2 A-/hypo-/dysplasia 16.0 

Hypertensive nephrosclerosis 10.5 16.1 222 Focal segmental glomerulosclerosis 11.4 

Failed previous graft 9.7 13.4 6.3 Failed previous graft 8.0 


LD, living donor; ECDD, extended criteria deceased donor. 
From the 2003 Annual Report of the US Scientific Registry of Transplant Recipients and the Organ 
Procurement and Transplantation Network, NAPRTCS 2004 Annual Report. 
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Figure 24.2 Relationship of valve bladder compliance 
characteristics versus patient’s age. The line indicates 
the ratio of pressure (40cmH,O) divided by the 
expected bladder capacity for age. 


increases during voiding. In older, and compliant, 
children, a less dramatic but often satisfactory 
improvement can also be obtained by frequent, e.g. 2 
hourly, timed double voiding, with or without 
catheterization overnight.!! A satisfactory working 
pressure range not only contributes to delaying the 
onset of ESRD but also ensures a safe receptacle for 
the allograft ureter if transplantation is needed. 


Medical preparation of pediatric 
transplant recipients 


The preparation of children for kidney transplantation 
is generally a multidisciplinary task shared by the 
patient’s nephrology care team (e.g. nurses, dieticians, 
social workers, and nephrologists) and other services 
as needed (e.g. pediatric urology, surgery, psychiatry, 
anesthesiology, and critical care medicine). It cannot 
be emphasized enough how important it is to enable 
patients to enter the transplant procedure in as opti- 
mal a medical condition as possible. Specifically, chil- 
dren, like adults, with CRI or ESRD, should be 
encouraged to achieve and maintain physical fitness 
and weight control: CV fitness and absence of obesity 
will reduce surgical and anesthesthetic risks associated 
with the transplant operation and provide an advan- 
tage in the efforts to combat the increased risks for 
CV morbidity and excessive weight gain post-trans- 
plant.!? Because transplanted children, especially once 


N 
iv) 

Š 0.507 pti- 
© 
o 

I 0.25- fi i 

Y z- ee eel eo ae 

0.007 patie dee 2 - 3h -J-- 5 

0.25 a s E S E E E E E 

0 1 2 3 4 5 

Years 


Sample sizes for height delta Z at follow-up months 


Age group 12 months 36 months 60 months 
0-1 272 215 141 
2-5 853 628 442 
6-12 1988 1432 1026 
>13 2318 1258 502 


Figure 24.3 Mean post-transplant change (with stan- 
dard error) in standardized height scores of children 
with functioning kidney grafts by age groups, indicat- 
ing substantial catch-up growth only in the younger 
recipients. (Reproduced with permission from the 2004 
NAPRTCS Annual Report.) 


they are of school-age, do not uniformly display 
catch-up growth! (Figure 24.3), aggressive nutri- 
tional support is often required and, as indicated, 
growth hormone therapy needs to be considered 
before, and possibly after, transplantation.!? Appro- 
priate nutritional management pretransplant, fre- 
quently paired with the prescription of phosphate 
binders and active vitamin D and with regular moni- 
toring of serum parathyroid hormone levels, will also 
attenuate post-transplant bone disease and thus 
increase the likelihood of appropriate growth.’ 
Before transplantation, the recipients’ up-to-date 
immunization status also needs to be ascertained, as 
no live vaccines can be given post-transplant and the 
response to other vaccines in the setting of immuno- 
suppression may not be adequate.! Somewhat 
related, immunosuppressive therapy can lead to both- 
ersome exacerbations of warts, and potential recipi- 
ents should therefore have any warts dealt with as 
definitively as possible prior to transplantation. 

In addition to these general principles, a number of 
issues need to be considered on an individual basis 
during preparation of the recipient. Psychosocial sta- 


bility, both of the patient and the patient’s family, is 
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of tremendous importance for adherence to the rela- 
tively complex treatment regimen required for good 
long-term results.!° Such stability is largely defined 
individually for each patient/family unit and, accord- 
ingly, requires case-by-case interventions ranging 
from counseling over more intense psychological 
interventions all the way to the involvement of author- 
ities dealing with complicated custodial situations. 
Before transplantation, patients and families also need 
to be educated about the need for frequent and com- 
prehensive follow-up, especially during the first few 
months after hospital discharge. This need can create 
significant logistical obstacles with regards to trans- 
portation and caregivers’ time away from work, and a 
number of families will benefit from support in plan- 
ning for this challenging period ahead of time. As part 
of this planning effort, it should also be ensured that 
the patients will have appropriate coverage for their 
post-transplant medications and that they or their 
caregivers know, in particular, how to obtain the 
required immunosuppressive drugs in the outpatient 
setting. Depending on the recipient’s developmental 
and pre-transplant medical (e.g. dialysis) status, plans 
are also necessary regarding vascular and gastroin- 
testinal (GI) tract access. A central line may be needed 
for a prolonged period of time post-transplant to facil- 
itate frequent blood sampling in very young recipients, 
those with very limited peripheral venepuncture sites, 
in patients who may need pre- and post-transplant 
plasmapheresis for immunologic reasons (see below), 
or because they are considered to be at high risk for 
the recurrence of focal segmental glomerulosclerosis.!7 
A gastrostomy tube is essential in patients who require 
supplementation of additional nutrition or fluid or are 
unable to take all their post-transplant medications by 
mouth. Lastly, there is a subgroup of patients at 
increased immunologic risk from a previous kidney or 
other organ transplant, from blood transfusions, or 
from other sensitizing events. These individuals will 
benefit from specialized immunologic characterization 
and consequently from consideration of desensitiza- 
tion strategies prior to transplantation to enhance their 
potential for long-term graft survival.!8:!9 

Prior to actual transplantation, a risk assessment of 
the recipient for thrombotic complications is also 
important, as graft thrombosis is a significant cause of 
pediatric transplant loss.?°?! Risk factors include 
hypercoagulopathy (e.g. as seen in chronic nephrotic 
states), antiphospholipid antibodies (seen in 30-50% 
of patients with systemic lupus erythematosus), prior 
thrombosis of a large vein postoperatively (e.g. a renal 
transplant vein), or thrombosis associated with vascu- 


lar access (e.g. for dialysis).?? Accordingly, hyperco- 
agulability should be corrected before the actual trans- 
plant procedure whenever possible. Alternatively, 
consideration needs to be given to the prescription of 
anticoagulation during and after the transplant, 
although controversy exists regarding the routine use 
of heparin in the perioperative period to reduce the 
incidence of renal allograft thrombosis. A recent ret- 
rospective study showed that young recipient age, 
young donor age, and increased cold ischemia time 
were associated with a higher risk for graft thrombo- 
sis, but the administration of heparin did not decrease 
the incidence of early renal allograft thrombosis.?4 


Urologic pre-transplant interventions 


Pediatric kidney transplant candidates with underly- 
ing urologic disease are assessed with special attention 
to optimization of the urinary bladder or its substi- 
tute, for urinary tract reconstruction, and for possible 
pre-transplant nephrectomy (see below). If a signifi- 
cant symptom complex or urodynamic abnormalities 
are present, an attempt is indicated to achieve bladder 
control with a voiding regimen, anticholinergic ther- 
apy, and/or IMC. If voiding cannot be evaluated 
because of urinary diversion, pretransplantation uri- 
nary undiversion can be an invaluable tool to help 
ensure adequate bladder function.”4 If a bladder 
cannot be adequately addressed because of oliguria or 
the presence of diversion, bladder cycling via IMC 
may help ensure transplant candidacy, and complex 
bladder pathology associated with ESRD may require 
extensive reconstruction, including augmentation. In 
general, however, an attempt is made to avoid this 
procedure in valve patients, although some younger 
patients with this diagnosis have required pretrans- 
plantation augmentation. 

Structural bladder abnormalities may be further 
characterized pretransplant by cystourethroscopy to 
clarify whether surgical intervention e.g. lower uri- 
nary tract reconstruction, is required. Aggressive 
bladder management post-transplant may improve 
renal allograft survival and function,?>~?7 
allograft success may be secondary to urinary stasis 
and not simply due to a distorted bladder.?8 

Table 24.4 outlines the indications for pretrans- 
plant nephrectomy.®??-*? Persistent proteinuria orig- 
inating from the native kidneys is considered an 
indication for native nephrectomies, not only because 
such proteinuria can cause diagnostic uncertainty 
post-transplant but also because significant, Le. 


as decreased 
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Table 24.4 Indications for pretransplantation native 
nephrectomy 


Chronic renal parenchymal infection 
Infected urolithiasis 

Heavy proteinuria 

Intractable hypertension 

Polycystic disease 

Acquired renal cystic disease 
Infected reflux 

Infected hydronephrosis 


nephrotic-range, proteinuria at the time of transplan- 
tation is associated with an increased risk for throm- 
botic and infectious complications. In children with 
congenital nephrotic syndrome, nephrectomies are 
oftentimes performed at some point during their CRI 
stage to eliminate substantial protein losses. Other- 
wise, the native nephrectomies can be carried out sev- 
eral weeks before transplantation to allow resolution 
of the nephrotic state.!°3!-33 A similar approach 
should be considered for older children with focal 
segmental glomerulosclerosis with persistent protein- 
uria. Malignant degeneration in the pediatric age 
range has also been reported,*+ but this possibility 
needs to be weighed against the risks associated with 
native nephrectomies when preparing children for 
kidney transplantation. 

Several strategic considerations regarding nephrec- 
tomy are relevant. Even in advanced CRI and ESRD 
requiring dialysis, some native kidneys excrete sub- 
stantial amounts of urine, often allowing easier blood 
pressure control and less day-to-day restrictions with 
regards to fluid intake. Consequently, if only one 
kidney requires removal, this can be done at the time 
of transplantation and possibly through the same inci- 
sion as the transplant itself. If both kidneys need to be 
removed, differential function can be analyzed by iso- 
tope imaging and the worst kidney removed pretrans- 
plant, with the other being removed at the time of 
transplantation. Exceptions to this approach include 
the presence of renal-mediated diseases (e.g. 
intractable infection or hypertension), space-related 
issues (as seen with polycystic kidneys), or significantly 
surgically altered kidneys (e.g. diversion), all of which 
may make nephrectomy at the time of transplantation 
too difficult, requiring a more staged approach. 

The nephrectomy incision should be positioned so 
as not to interfere with abdominal wall blood supply, 
as a subsequent transplant incision may result in sac- 
rifice of the inferior epigastric vessels. If this has been 


performed bilaterally and previous ligation of the 
superior epigastric vessels has been done, compro- 
mised healing or even abdominal wall necrosis may 
therefore be encountered. Accordingly, transverse 
upper abdominal incisions (e.g. for bilateral native 
nephrectomies) should be avoided. 

Bladder augmentation procedures may be necessary 
before renal transplantation to ensure a low-pressure 
urinary reservoir, because a relationship between high 
intravesical pressures and renal, including renal trans- 
plant, deterioration is well established (see 
above).?°?735-38 On the other hand, effective manage- 
ment of dysfunctional bladders is associated with long- 
term allograft survival comparable to that seen in 
recipients with normal bladders.3?40 Since augmenta- 
tion in the transplant setting can complicate the overall 
clinical course, it should only be performed in carefully 
selected patients with a clear need for this procedure. In 
Table 24.5, various types of bladder augmentation are 
reviewed. Although ileocystoplasty is the most preva- 
lent procedure because of its ease of use, its disadvan- 
tages include significant mucus production, bladder 
calculus formation, and metabolic acidosis. These dis- 
advantages are overcome by performing a gastrocysto- 
plasty, but this approach is not a panacea either.*! 

In selected circumstances, bladder augmentation in 
the form of autoaugmentation or ureterocystoplasty 
can be performed extraperitoneally, as can the cre- 
ation of a Mitrofanoff neourethra (Figure 24.4). If 
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Figure 24.4 Retroperitoneal creation of a ureteral 
Mitrofanoff conduit. A, Ureter is mobilized with preser- 
vation of the adjacent vascular supply. Nephrectomy is 
performed (dorsal lumbotomy or flank incision). B, 
Detrusor incision is made and a mucosal trough devel- 
oped. C, Detrusor flaps are approximated over the 
ureter. D, Final position of the Mitrofanoff stoma does 
not interfere with subsequent transplantation. 
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Table 24.5 Factors to consider in bladder augmentation 


None Low risk of complication 


Autoaugmentation No metabolic consequences 
May be performed 


extraperitoneally 


No metabolic consequences 
May be performed 
extraperitoneally 


Ureterocystoplasty 


Seromuscular 
augmentation 


No metabolic consequences 


lleocystoplasty Technically simple 


Technically simple 
Ureteral or MNU 
implantation possible 


Colocystoplasty 


Avoids acidosis, mucus, 
or infection 
Ureteral or MNU implantation 


Gastrocystoplasty 


Renal injury if bladder 
non-compliant 


Augmentation surface not 
amenable to ureteral or MNU 
implantation 

Risk of perforation 

Limited clinical experience 


Augmentation surface not 
amenable to ureteral or MNU 
implantation 

Requires presence of large 
dilated ureter 


Augmentation surface less 
amenable to ureteral or MNU 
implantation 


Augmentation surface less 
amenable to ureteral or MNU 
implantation 

Acidosis, mucus, or infection 


Acidosis, mucus, or infection 


Hematuria/dysuria syndrome 
readily performed 
Rare—alkalosis 


Whenever possible 


Sufficient native 
bladder surface for 
implantation 
Near-normal bladder 
capacity 


Sufficient native 
bladder surface for 
implantation 


Sufficient native 
bladder surface for 
implantation 
Near-normal bladder 
capacity 


Sufficient native 
bladder surface for 
implantation 
Stomach unavailable 


Stomach unavailable 


Wide application 


MNU, Mitrofanoff neourethra. 


transperitoneal reconstruction is required before 
transplantation, this should be done when the patient 
is ready for listing or 6-12 weeks before scheduled 
living donor transplantation, with the patient main- 
tained on hemodialysis in the interim. 

The management of vesicoureteral reflux (VUR) in 
the native retained renal unit remains controversial. 
An increased incidence of acute symptomatic UTIs in 
patients with continued native VUR has been demon- 
strated compared with controls and with patients 
with previously corrected reflux,** although other 
studies have not confirmed this.44 The consensus is 
that VUR associated with persistent or recurrent 
infection should be managed by ureteral reimplanta- 
tion or nephroureterectomy. Reimplantation is 
preferable in order to preserve the native ureter, and 
is thus an additional option for the management of 
possible ureteral complications of future allografts. 
Additionally, higher-grade sterile reflux associated 
with ureteral dilation has been associated with suffi- 


cient morbidity to justify pretransplantation ureteral 
reimplantation,” with a pretransplant nephrectomy 
as an alternative. 

In general, a key element in the surgical care of the 
transplant patient involves preservation of the peri- 
toneal cavity whenever possible to allow effective 
peritoneal dialysis. An effort should therefore be 
made to avoid transperitoneal surgery, which may 
compromise effective exchange of dialysate secondary 
to postsurgical adhesions. In addition, even serosal 
changes can interfere with effective ultrafiltration and 
thus obviate peritoneal dialysis. 


Timing of transplantation 


Whereas the occurrence of an organ transplant from a 
deceased donor is largely unpredictable, transplantation 
can be scheduled in advance when a live donor is avail- 
able. Once a transplant date is set, arrangements can also 
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be made to initiate immunosuppressive therapy ahead 
of time, typically several days pretransplant at those cen- 
ters choosing this approach, to facilitate therapeutic 
drug levels at the actual time of surgery. It should be 
noted, however, that data supporting this practice as a 
means to improve outcome are not available.*° 

Live donor transplantation allows the performance 
of a pre-emptive transplant, i.e. transplantation just 
before dialysis needs to be initiated. Pre-emptive 
transplantation has a number of advantages** and 
should thus be considered whenever possible. In the 
setting of pre-emptive transplantation, especially 
when an adult kidney is placed into a small child, cau- 
tion with pretransplant immunosuppression should 
be exercised as these recipients can be quite uremic, 
and treatment with a CI for a number of days before 
transplantation may worsen this condition further. 
Under these circumstances, a grafted adult kidney 
that functions immediately can remove uremic toxins 
at a staggering rate and thus create a clinical scenario 
similar to the dysequilibrium syndrome seen in the 
setting of zealous, typically first-time, hemodialysis. 

Renal allografts can either be obtained from a 
deceased donor or a living donor, and superior out- 
comes have been documented for the latter when 
adjusted for the degree of human leukocyte antigen 
(HLA) matching.*748 However, it should be noted 
that at least for the first several years post-transplant, 
North American first-time pediatric recipients of 
deceased donor kidneys now have essentially equiva- 
lent graft survival to those of live donor kidneys (Table 
24.6). This phenomenon is probably multifactorial 
and, paired with the special advantages for pediatric 
patients with regards to growth and development 
associated with transplantation versus dialysis, sup- 
ports the preferential waitlisting practices afforded to 
children as opposed to adults in North America and 
elsewhere, especially since children represent such a 
diminutively small fraction of the entire population of 


Table 24.6 Similar 1-year graft survival rates in living 
and deceased donor kidney transplantation for 
pediatric recipients 


Transplant year Living donor Cadaver 
1987-1990 89.4% 75.2% 
1991-1994 91.8% 85.0% 
1995-1998 93.9% 90.4% 
1999-2003 95.3% 92.3% 


From NAPRTCS 2004 Annual Report. 


patients with ESRD. While efforts are ongoing to 
refine organ selection criteria for children, a useful rule 
of thumb is that the best kidney for a child is one from 
an otherwise healthy teenage or young adult donor 
and that a single kidney from a very young pediatric 
donor will not provide acceptable long-term func- 
tion.4? Under selected circumstances, however, con- 
sideration can be given to the transplantation of an en 
bloc pair of kidneys from such a very young donor 
into a pediatric recipient.*° Similarly, the use of kid- 
neys from deceased donors meeting expanded criteria 
or even from non-heart-beating donors, which is gain- 
ing increasing ground in adult kidney transplantation, 
is currently only indicated for children in extremely 
rare situations because these organs are unlikely to 
provide the very long graft survival desired especially 
for pediatric recipients. 


The transplant 


Deceased donor management 


The optimal medical management of individuals who 
have died and become organ donors is evolving con- 
tinuously, and a comprehensive review of this topic 
has recently been published.*! Typically, specialized 
professionals from the local organ procurement orga- 
nization are closely involved in this part of the donor 
care to ascertain optimal organ quality at the time of 
retrieval. 

This retrieval is performed through a midline inci- 
sion extending from the sternal notch to the 
pubis.5253 The intestines are mobilized and the distal 
aorta and inferior vena cava isolated. As necessary, the 
vascular anatomy of the liver, pancreas, and small 
intestine is defined and the aorta isolated at the level 
of its diaphragmatic hiatus. The distal aorta is cannu- 
lated, the supraceliac aorta clamped, venous drainage 
achieved (generally at the level of the right atrium), 
the aorta flushed with cold preservation solution, and 
the abdomen packed with sterile saline ice slush. 
Organs are sequentially removed, beginning with the 
heart, followed by the lungs, liver, small intestine, or 
pancreas, and finally, the kidneys. The kidneys are 
removed en bloc with the adjacent aorta and vena 
cava and the ureters divided at the level of the urinary 
bladder. Kidneys from very young donors are not 
separated until a decision has been made about 
whether or not they will be transplanted individually 
or en bloc. Otherwise, the kidneys are separated on 
the back table and cold-stored for distribution. 
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Table 24.7 Composition of cold storage solutions 


Organ preservation solutions are designed to mini- 
mize hypoxia- and hypothermia-induced injury. The 
active ingredients of the two most widely used solu- 
tions are outlined in Table 24.7.5253 A comparison of 
both solutions has revealed a significant benefit in 
graft function and survival favoring University of 
Wisconsin solution over EuroCollins solution.5+ The 
osmotic swelling and sodium pump paralysis associ- 
ated with hypothermia are compensated by the elimi- 
nation or reduction of chloride, whose intracellular 
shift facilitates osmotic edema, in favor of imperme- 
able ionic agents such as phosphate, sulfate, and lac- 
tobionate. Lactobionate, raffinose, hydroxyethyl 
starch, and mannitol further contribute to reducing 
intercellular swelling. Intracellular acidosis is compen- 
sated by the avoidance of glucose and the addition of 
phosphate, which acts as a hydrogen ion buffer. 
Oxygen free radical-induced reperfusion injury is 
compensated by allopurinol and glutathione, and the 
depletion of high-energy phosphate compounds is 
countered by the addition of adenosine. 


Live donor management 


In part because of the ever-worsening relative shortage 
of deceased donors, the majority of pediatric recipients 
in North America currently receive a kidney from a 
live donor, and most live donors for these children are 


their parents (NAPRTCS 2004 Annual Report). This 
poses unique challenges and responsibilities on the 
centers caring for these families. Despite the now well- 
recognized short- and long-term risks associated with 
being a live donor,” parents may feel a special duty to 
donate one of their kidneys to their child, even if they 
jeopardize their own health. The issue of organ dona- 
tion needs to be approached with sensitivity, and full 
disclosure and discussion of all relevant information in 
a family-centered setting is important. Specific strate- 
gies to consider include, but are not limited to, the 
provision of written educational material from center- 
independent resources like the United Network for 
Organ Sharing (http://www.unos.org), the perfor- 
mance of a parent’s medical evaluation as a potential 
donor (Table 24.8) by an independent, critical physi- 
cian otherwise dissociated from the transplant center, 
the facilitation of contacts between the potential 
donors and past donors who have had difficult experi- 
ences related to their donation, and possibly the iden- 
tification of a donor advocate or the creation of a 
donor advocacy board somewhat similar to an ethics 
committee. 

Furthermore, individuals who have been cleared 
for living donation need to be re-evaluated periodi- 
cally for new or worsened conditions possibly jeopar- 
dizing their donor status if the planned transplant 
does not take place within a reasonable period of 
time, i.e. 6-12 months, either because of a stabiliza- 
tion in the recipient’s health status or because of new 
medical or non-medical issues related to the recipient 
requiring postponement of the procedure. 

This scrutiny in donor selection is particularly 
important when an individual who is not biologically, 
but emotionally, related to the potential recipient 
steps forward as a willing donor, or if an altruistic 
donor is found.*® Local allocation practices of organs 
from such altruistic donors vary, but preference is 
sometimes given to children waitlisted for a deceased 
donor kidney. Generally, an in-depth psychological 
assessment of these donors is required to exclude 
hidden non-altruistic motives or other circumstances 
making donation unadvisable. 

Another novel concept aiming to attenuate the 
deceased donor shortage and to specifically overcome 
the obstacles posed by blood type incompatibilities 
and presensitization is the creation of live donor 
exchange programs. Such programs have been estab- 
lished in several regions of the United States and are 
beginning to provide relief for recipients whose 
chances of receiving a suitable kidney graft would 
otherwise be slim.5° 
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Table 24.8 Suggested evaluation of living donor candidates 


Evaluation 
Initial screening 
History 


Blood typing 

Tissue typing and crossmatch 
Physical examination 
Psychological evaluation 
Pregnancy test in females 


Secondary screening 

Laboratory studies (complete blood count, 
coagulation studies, fasting glucose and cholesterol, 
electrolytes, liver enzymes, albumin/total protein, 
uric acid) 


Renal assessment (urinalysis, serum creatinine and 
blood urea nitrogen, creatinine clearance, protein 
excretion, renal ultrasound, renal arteriography 


Chest radiograph 


Screening for infection (cytomegalovirus, Epstein-Barr 


virus, and human immunodeficiency virus titers, 


hepatitis B and C serologies, purified protein derivative, 


urine culture) 


Pelvic examination with Pap smear and, if >40 years, 
mammography within 1 year in females 


Rectal examination and, if >40 years, prostate-specific 


antigen in men 


Tertiary screening 

For family history of diabetes or borderline fasting 
glucose: 2-hour postprandial glucose, glycosylated 
hemoglobin, oral glucose tolerance test 


For older donor age, cardiac risk factors or symptoms: 


non-invasive stress testing, echocardiography 
For pulmonary symptoms: pulmonary function tests 
Additional screening 


If scheduled transplant is postponed: Periodic 
re-evaluation for changes in donor health status 


Living donor nephrectomy is performed simultane- 
ously with the surgical exposure of the recipient. 
Antiembolism sequential compression stockings are 
used, and the patient is placed in a flank position. Tra- 
ditionally, live donor nephrectomy has been per- 
formed through an extended 11th or 12th rib incision, 
which enables excellent retroperitoneal exposure of the 
renal hilar vessels and the ureter. The kidney is gently 


Possible exclusion criteria 


Younger than legal age of consent, diabetes 
mellitus, marked obesity, significant cardiovascular 
or pulmonary disease, substance abuse, 
malignancy, transmissible infection 


ABO incompatibility 

Positive crossmatch 

see ‘History’ above 

Evidence of coercion, reluctance to donate 


Positive test 


Significant uncorrectable abnormality 


Renal disease 
Complex abnormality of renal anatomy, e.g. 
vasculature 


Significant pulmonary pathology 


Transmissible chronic infection 


Malignancy 


Malignancy 


Diabetes mellitus 


Significant cardiac disease 


Significant pulmonary disease 


New significant medical problems 


mobilized, taking care to avoid excessive dissection of 
the lower pole, so as to maintain ureteral blood 
supply. In addition, the ureter is mobilized with a gen- 
erous cuff of retroperitoneal adipose tissue in order to 
maximize its vascularity. The hilar vessels are dissected 
to their junction with the aorta and vena cava. 

When the recipient room is ready, the donor ureter 
is divided as far distally as possible and the distal 
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ureteral stump ligated with absorbable suture mater- 
ial. Good urine output is documented from both the 
divided ureter and the indwelling urethral catheter. 
The renal artery and vein are clamped proximally, the 
vessels divided, and the kidney immediately flushed 
with cold preservation solution, placed in saline ice 
slush, and delivered to the adjacent recipient room, 
while the renal artery and vein stumps are oversewn 
with Prolene suture. Although significant morbidity 
and mortality have been low with this approach, post- 
operative discomfort, as well as length of recovery and 
associated time off work, may be significant and have 
in some instances served as a deterrent to donation. 

Accordingly, encouraging early results have been 
reported with the use of laparoscopic live donor 
nephrectomies: e.g. decreased analgesic requirements, 
decreased length of hospital stay, and an earlier return 
to work.>7~*! However, recent data suggest that small 
pediatric recipients of adult kidneys removed laparo- 
scopically may be at risk for inferior outcomes: Le. 
delayed graft function and early rejection. A rela- 
tively low threshold for open donor nephrectomy in 
these situations therefore seems advisable until more 
data are available. 


Recipient management 


As mentioned above, recipients entering the operat- 
ing room for a kidney transplant should be in their 
best possible medical condition. Moreover, children 
on dialysis may undergo hemodialysis on the day or 
peritoneal dialysis the night before their transplant for 
metabolic control (e.g. to reduce serum concentra- 
tions of potassium or blood urea nitrogen), but they 
should be relatively volume-loaded to facilitate ade- 
quate perfusion of the new allograft.°* Therefore, 
dialysis immediately pretransplant should be per- 
formed with an adjusted ultrafiltration goal, possibly 
requiring an increase in antihypertensive drug therapy 
to compensate for this adjustment. If hemodialysis is 
required on the day of transplantation, anticoagula- 
tion should also be used sparingly or not at all to 
avoid an increased risk of bleeding during surgery. 
The transplantation process in the recipient begins 
with the induction of general endotracheal anesthesia. 
The patient is positioned supine, a Foley catheter is 
placed, and the bladder is inflated with an antibacter- 
ial solution. Other potential lines include an arterial 
line, central venous access and, rarely, a pulmonary 
arterial catheter. A second-generation cephalosporin 
is administered and intravenous hydration under- 
taken. Red blood cell mass is expanded if indicated, 


but care should be taken to avoid possible sensitiza- 
tion. 

The operation is performed through a ‘hockey- 
stick incision to give excellent retroperitoneal expo- 
sure. An attempt is made to place the kidney 
retroperitoneal in order to preserve the peritoneal 
cavity for future dialysis access if needed. Typically, 
grafts are readily placed retroperitoneal in recipients 
weighing >20 kg and in those weighing between 10 
and 20 kg and receiving a pediatric or small adult 
kidney. Transabdominal placement through a midline 
incision is considered in recipients weighing <10 kg 
(Figure 24.5)°> due to the limited volume of the 
retroperitoneum. However, these anatomic decisions 
need to be made on an individualized basis. 

The venous and arterial trees for the anastomotic 
sites are carefully mobilized with division of the over- 
lying lymphatic vessels between ligatures. In general, 
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Figure 24.5 Transperitoneal approach to renal trans- 
plantation in the infant. A, Midline abdominal incision. 
B, Reflection of right colon to expose retroperitoneum. 
C, Renal vessels anastomosed to aorta and inferior 
vena cava; ureter reimplanted in bladder. D, Right 
colon repositioned to allow exposure of the lower pole 
of the graft. (Reproduced with permission from Shel- 
don et al.®) 
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the anastomosis is placed at the level of the aorta or 
aortoiliac junction in infants and toddlers, in the 
common iliac artery in young children, and in the 
external iliac artery in adolescents and young adults. 
Once vascular control is achieved, the venotomy is 
made, the recipient vein injected with a heparin-saline 
solution, and the anastomosis is completed. The arte- 
riotomy is then made, and the arterial anastomosis is 
then performed. If the aorta is to be occluded, the 
patient is treated with heparin. Mannitol (0.5 mg/kg) 
and furosemide (0.5-1 mg/kg) are administered 
before completing the anastomoses. The vascular 
clamps are removed, with gentle pressure applied to 
the renal artery to allow clearance of any debris or air 
pockets before kidney revascularization. An intra- 
arterial injection of verapamil (0.1 mg/kg, not exceed- 
ing 5 mg, into the upstream recipient artery with the 
distal recipient artery still occluded) may be per- 
formed at this time. 

Post-transplantation hypotension in the recipient is 
a major risk factor for allograft loss and must be 
aggressively avoided. Given this, the blood volume of 
the patient is expanded to a central venous pressure 
(CVP) of 12-16 cmH,O, with the expectation that 
vascularization of an adult allograft will result in the 
acute sequestration of approximately 250-300 ml of 
blood from the general circulation. Failure to achieve 
adequate renal turgor may necessitate additional 
volume expansion or the addition of inotropic sup- 
port, e.g. a low-dose dopamine infusion. Especially 
for small recipients of an adult kidney, the generous 
volume requirements to maintain a CVP sufficient for 
good blood flow to the transplant persist during and 
after the surgery, thus requiring special attention by 
anesthesia and by the management team providing 
recipient care immediately post-transplant.°* Even 
long-term, generous fluid administration, possibly 
including night-time or bolus supplementations, e.g. 
via G-buttons, has been advocated.® 

Variations in vascular anatomy may obviate the use 
of a kidney from a prospective living donor or may 
create reconstructive challenges in the cadaveric allo- 
graft.© As previously outlined, in cadaveric renal pro- 
curement, the kidneys are removed en bloc with the 
adjacent vena cava and aorta (Figure 24.6A). Here, 
the kidneys are visualized from a posterior perspective 
and the aorta opened in the midline posteriorly. This 
is followed by division of the anterior aorta and the 
vena cava, again in the midline. The kidney is thereby 
provided with an adjacent segment of both aorta and 
vena cava, which gives reconstructive flexibility. As 
demonstrated in Figure 24.6B, a renal vessel of good 
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Figure 24.6 Management of variations in renal vascu- 
lar anatomy. (Adapted with permission from Sheldon 
et al.®) 


dimension can be divided, spatulated, and anasto- 
mosed. If the vessel is small, it may be prepared with 
a small patch of adjacent aorta or vena cava to facili- 
tate the anastomosis and minimize the risk of anasto- 
motic stenosis or thrombosis. Multiple vessels 
entering the vena cava or aorta in a cluster may be 
prepared on a single large cuff of aorta or vena cava. 
If multiple vessels are encountered that enter the vena 
cava or aorta at sites remote from each other, recon- 
struction may be needed (see Figures 24.6C and D). 
If both vessels are particularly modest in size, two 
small patches may be anastomosed to create one 
larger cuff for anastomosis. If a dominant artery is 
encountered with a second smaller artery, an end-to- 
side anastomosis is undertaken. This type of vascular 
reconfiguration is enhanced by the use of an operative 
microscope.” Occasionally, an extremely short renal 
vein is encountered. Usually, generous mobilization 
of the recipient venous tree is sufficient to enable a 
tension-free anastomosis. When this is not possible or 
is insufficient, the renal vein may be extended by 
tubularizing adjacent flaps of vena cava (Fig. 24.6E). 

Ureteral implantation is most commonly performed 
into the bladder. Recently, however, investigators have 
reported ureteroureteral anastomosis as another option 
in pediatric renal transplantation.°* Ureterovesical 
reimplantation may be performed either transvesically 
(Paquin’s method) or extravesically (detrusorrhaphy). 
Advantages of the extravesical approach (Figure 24.7) 
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Figure 24.7 Technique for extravesical ureteral 


implantation. 


include a shortened operating time, a very low inci- 
dence of anastomotic obstruction, and most impor- 
tantly, a dramatic reduction of postoperative hematuria 
and urinary extravasation. This is particularly advanta- 
geous in the young recipient whose urethra only allows 
a small-caliber catheter. Ureteral implantation is con- 
siderably more critical in the child, as the incidence of 
dysfunctional voiding pathophysiology is particularly 
high in this age group. An attempt is made to place the 
anastomosis somewhat lateral on the bladder, where 
the bladder wall is less mobile, and a ureteral tunnel 
length-to-ureteral diameter ratio of 4:1 is sought (see 
Figure 24.7A). The detrusor is incised and a plane 
developed between the detrusor and the underlying 
bladder uroepithelium. A small defect is created distally 
in this mucosal trough, and a spatulated anastomosis is 
performed (Figure 24.7B). The ureter is advanced dis- 
tally with the first suture placed (Figures 24.7C and 
D). Because ureteral obstruction (e.g. from anasto- 
motic edema) or extravasation represent potentially 
devastating complications, an internal indwelling stent 
is often advantageous in the early postoperative period. 
This stent can then be removed several weeks post- 
transplant, oftentimes combined with removal of 
chronic dialysis access. 


Postoperative care 


In addition to general perioperative care, including 
circulatory, respiratory, and nutritional support, post- 


operative care of the pediatric transplant recipient 
includes immunosuppression and careful fluid and 
electrolyte management. The latter involves replacing 
insensible losses and urine output, initially on a 
volume-for-volume basis and with close attention to 
the patient’s electrolyte status. The freshly trans- 
planted kidney is often unable to concentrate the 
urine, so that urine output may be tremendous in the 
first several postoperative days. 

Generally, immunosuppressive therapy is in con- 
stant evolution to achieve the best possible antirejec- 
tion prophylaxis without an unacceptably high 
incidence of overimmunosuppression or other drug- 
related toxicities.©? In this context, it has become 
quite clear that immunosuppressive protocols cannot 
be administered in a ‘one size fits all’ fashion: first- 
time Caucasian recipients of a live donor kidney who 
have no evidence of presensitization appear to require 
less powerful antirejection prophylaxis than recipients 
of a repeat transplant, especially one from a deceased 
donor, recipients with evidence of presensitization, or 
African-American recipients.”? Additionally, the 
recent discovery of genetic polymorphisms and 
related phenomena affecting drug metabolism and 
exposure”!72 and immunologic responsiveness”? fur- 
ther undermines the concept of a unified immuno- 
suppressive approach. It therefore likely behooves 
transplant programs to adapt flexible immunosup- 
pression protocols that can be tailored to each recipi- 
ents perceived risk profile. Theoretically, the 
development of such protocols is augmented by suffi- 
ciently powered multicenter studies, but in view of 
the relatively small number of pediatric kidney trans- 
plants performed at any given time and given the 
increasing number of drugs and drug combinations 
available, such studies are quite difficult to set up and 
perform. Additional guidance in the selection of pedi- 
atric immunosuppressive regimens is therefore also 
derived from adult studies and from local practice and 
experience. A typical protocol to be used initially in 
pediatric kidney transplantation currently consists of 
triple therapy with a CI, an antiproliferative agent, 
and steroids, possibly paired with a course of induc- 
tion with a non-depleting anti-T cell antibody (Table 
24.9). The doses and target levels of these agents are 
geared towards the recipient’s estimated risk for acute 
rejection, balanced against side effects and other 
potential disadvantages associated with the use of 
these agents. Of note, recent efforts by a variety of 
groups have further broadened the available choices 
for initial immunosuppression. They now include 
complete steroid avoidance, induction with alterna- 
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Table 24.9 Typical immunosuppression protocol for 
pediatric kidney transplant recipients 


Induction? Maintenance” 


Consider non-depleting 
anti-T cell antibody 
High-dose steroids 
Calcineurin inhibitor (CI), 
e.g. tacrolimus 
Antimetabolite, e.g. 
mycophenolate mofetil 


Tapered steroids 
Modest-dose Cl 


Mycophenolate 
mofetil 


a For first several weeks and months post- 
transplant. 

b An inhibitor of the mammalian target of 
rapamycin (mTOR), such as sirolimus (rapamycin) 
or everolimus, can be added or substituted for 
any one of the three maintenance agents based 
on center practice. 


tive antibody preparations, and introduction of a new 
class of maintenance immunosuppressants, the 
inhibitors of the mammalian target of rapamycin 
(mTOR), largely to reduce the use of CIs, which car- 
ries a substantial long-term risk of nephrotoxicity.6°74 

Hypertension frequently occurs or, if pre-existing, 
worsens in the immediate post-transplant setting for 
several reasons, including liberal fluid management 
(see above) and treatment with high doses of corti- 
costeroids. Whereas mild blood pressure elevations 
above the patient’s pre-transplant range may even be 
temporarily desirable to enhance perfusion of the new 
allograft, more pronounced hypertension, especially if 
it is causing symptoms, should be treated expedi- 
tiously. In this setting, calcium channel antagonists 
are particularly safe and effective, although attention 
needs to be paid to the interference of some of these 
agents, particularly verapamil, diltiazem, amlodipine, 
and nicardipine, with CI metabolism.”° Once trans- 
plant function has stabilized, the same group of 
agents may also be particularly beneficial, 576 
although angiotensin-converting enzyme inhibitors 
(ACEIs) or angiotensin receptor blockers (ARBs) 
should also be considered, especially if there is evi- 
dence of CAN.7778 

Hypophosphatemia and hypomagnesemia can 
occur quickly post-transplant: the former is largely 
due to ‘hungry bones’ in the presence of a well-func- 
tioning kidney and frequently requires phosphorus 
supplementation for several months; the latter is asso- 
ciated with CI therapy especially tacrolimus, and may 
also require supplementation, especially if clinical 
symptoms of hypomagnesemia are present. 


Infection prophylaxis against bacterial, viral, and 
fungal pathogens is part of essentially all routine post- 
transplant medication regimens. Antibiotic coverage 
is typically provided perioperatively to prevent wound 
infections and then transitioned to a prophylactic reg- 
imen against UTIs and Pneumocystis carinii. Specific 
guidelines have been developed for antiviral prophy- 
laxis in the post-transplant setting.”? This antiviral 
prophylaxis is largely directed against cytomegalo- 
virus (CMV) and usually prescribed based on each 
patient’s risk profile, as determined by the recipient’s 
as well as the donor’s history of CMV exposure and 
by the strength of immunosuppression used. Unfor- 
tunately, no convincingly effective prophylactic regi- 
mens are currently available for the prevention of 
Epstein-Barr virus (EBV) infection. Since many pedi- 
atric transplant recipients are EBV-naive and many 
adult donors carry EBV, primary EBV infection of 
transplanted children via the graft is a considerable 
problem, especially because EBV can drive the devel- 
opment of post-transplant lymphoproliferative disor- 
der (PTLD).®° Lastly, antifungal prophylaxis is 
typically provided during the first several months 
post-transplant, i.e. while the degree of immunosup- 
pression prescribed is considerable. Accordingly, a 
number of centers also ‘recycle’ the full spectrum of 
infection prophylaxis during and after episodes of 
acute rejection, requiring enhanced immunosuppres- 
sive therapy. 

Gastrointestinal prophylaxis against steroid-associ- 
ated gastritis and ulcer disease is typically given in the 
form of a histamine H, receptor blocker. At our 
center, recipients are tried off these agents once they 
are taking all their medicines by mouth and if they are 
free of gastrointestinal complaints. 


Approach to early graft dysfunction and 
other complications 


Graft dysfunction immediately post-transplant is sug- 
gested by lack or decrease of urine output and by 
absence of the expected decrease in serum creatinine. 
Initial non-function, i.e. the complete absence of 
urine production, is very concerning as it could be 
caused by thrombotic obstruction of arterial blood 
flow to the graft. Accordingly, initial non-function 
requires immediate diagnostic evaluation and subse- 
quent correction if the transplant is to be salvaged. 
Many centers therefore perform a Doppler ultrasono- 
graphic evaluation or a nuclear scan of the transplant 
immediately after skin closure or upon arrival in the 
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postoperative care unit, at least if there is no sufficient 
urine output attributable to the transplant. Along 
these lines, many recipients still have their native, 
oftentimes urine-producing, kidneys at the time of 
transplantation, making interpretation of urine 
output immediately post-transplant challenging at 
times. If blood flow to the transplant is adequate, 
acute tubular necrosis should be suspected as an alter- 
native cause of initial non-function, especially in 
deceased donor transplants. In recipients who are not 
at particularly increased immunologic risk, hypera- 
cute rejection is very unlikely. Lastly, the possibility of 
complete urinary tract obstruction needs to be 
excluded by ultrasound in this scenario. 

In grafts with initially acceptable urine production 
but a subsequent decrease in output, additional possi- 
bilities need to be considered. These include low 
intravascular volume, rejection, and acute CI toxicity. 
Low intravascular volume can be diagnosed if a fluid 
challenge sufficient to raise CVP results in restitution of 
adequate diuresis, and acute CI toxicity is indicated by 
elevated trough levels, e.g. tacrolimus concentrations 
>20 ng/ml. Early rejection can be difficult to diagnose, 
as its recognition usually requires a kidney biopsy, 
which may be risky in a fresh transplant. Moreover, dif- 
ferent types of rejection may need to be distinguished, 
as they require different therapeutic responses. Espe- 
cially in presensitized recipients, acute rejection may 
not only be cellular- but also antibody-mediated, i.e. 
humoral, necessitating the initiation of plasmapheresis 
and potentially other specific therapeutic measures 
instead of treatment for cellular rejection, which con- 
sists of steroid pulses or the application of depleting 
anti-T cell antibody products. Moreover, cellular and 
humoral rejection can coexist, and the recognition of 
humoral rejection requires special studies both on the 
biopsy material, i.e. staining for C4d, and in the blood, 
i.e. identification of antidonor antibody.’ 

Additional complications resulting in early impair- 
ment of graft function are thrombosis of the renal 
vein or one of its major branches, obstruction of urine 
flow, e.g. by a blood clot, and urinary leakage, e.g. 
from an unsatisfactory ureteral anastomosis. Ultra- 
sound and nuclear scan are useful tools to identify 
these problems. 


Surgical/urologic complications of 
transplantation 


A comprehensive review of surgical complications®? 


of renal transplantation reveals technical problems in 


13% of transplant operations, 35% of which resulted 
in graft loss. Urologic complications other than 
uncomplicated UTIs occurred in 5.6% and consisted 
primarily of urinary extravasation, ureteral anasto- 
motic obstruction, ureteral necrosis, and symptomatic 
VUR. Urologic complications resulted in allograft 
loss in 31% of cases. 

Renovascular complications were encountered in 
5.5% of cases, with a 3.2% incidence of technical vas- 
cular problems consisting of renal artery stenosis or 
thrombosis and renal vein thrombosis. Of note, 86% 
of all vascular complications and 74% of technical 
vascular complications resulted in allograft loss. Renal 
artery and vein thromboses are associated with partic- 
ularly high incidences of graft loss and may have a 
technical (e.g. anastomotic defect, vascular angula- 
tion, or compression) or a non-technical cause (e.g. a 
low-flow state, intimal injury from harvesting, cannu- 
lation, or existing donor vascular disease). Renovas- 
cular stenosis may be managed by percutaneous 
transluminal angioplasty,8* although some centers 
have reported greater success with primary surgical 
reconstruction. ** 

Wound complications occurred in 4.2% of patients 
and consisted primarily of lymphocele, hemorrhage, 
and infection. Hemorrhage was associated with a 
44% incidence of graft loss, and allograft rupture was 
reported in 2.4% of patients, generally associated 
with rejection. In several instances, hemorrhage was 
controlled and the kidney surgically salvaged, leaving 
a 57% incidence of acute graft loss. Long-term 
follow-up, however, has revealed a very poor progno- 
sis regarding long-term function.®>-86 

Urolithiasis can complicate renal transplantation in 
approximately 6% of adult®”88 and 5% of pediatric 
cases,®°?! creating a particularly challenging situation 
because of the increased difficulty experienced with 
endoscopic stent placement and ureteroscopy in the 
post-transplant setting. A multifactorial etiology of 
urolithiasis has been demonstrated with low urine 
output, elevated calcium excretion, and possibly dis- 
turbances in uric acid metabolism secondary to CI 
therapy. Additional factors include increased fre- 
quency of UTIs, alkaline urinary pH, hypocitraturia, 
hypomagnesuria, hypophosphaturia, and hyper- 
parathyroidism found in 36% of patients. A surgical 
cause for urolithiasis can also be retained suture mate- 
rial.8? For stone management, extracorporeal shock 
wave lithotripsy (ESWL)??? and/or endourological 
approaches?’ can be used. 

The significance of VUR post-transplant has been 
the subject of intense discussion. When VUR was 
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detected by routine post-transplantation screening, 
no statistical significance in the survival of patients or 
grafts has been demonstrated for adults** or chil- 
dren.?> However, pathologic data from VUR- 
associated pyelonephritis in transplanted pediatric 
kidneys suggests that its occurrence reduces long- 
term survival of renal allografts.?° Adult series have 
shown that no patient had greater than grade IM 
reflux, whereas in the pediatric series all patients with 
greater than grade III reflux underwent antireflux 
surgery. More recently, endoscopic management of 
reflux has been attempted,?” but this has shown little 
success. Most often, the underlying problem is occult 
or incompletely managed bladder dysfunction, and 
the reflux is controllable by management efforts 
directed at the bladder, which may require anticholin- 
ergics and/or IMC. Dilating reflux in the absence of a 
dysfunctional bladder should be considered for cor- 
rection, because such reflux in young recipients is 
associated with a definite risk of pyelonephritis and 
subsequent allograft injury.°® VUR has also been 
implicated as a significant etiologic factor for hyper- 
tension on long-term follow-up.” 


Transition to outpatient management 


After successful kidney transplantation, children typi- 
cally spend at least a week in the hospital recovering 
from the procedure. During this time, their fluid, 
caloric, and medication intake is adjusted to their out- 
patient regimen, and central lines as well as bladder 
catheters are removed in most cases. 

Transition to outpatient care occurs on an individ- 
ualized basis, depending on medical as well as geo- 
graphical aspects. Local patients will continue to be 
seen frequently at the transplant center, initially sev- 
eral times a week, whereas other patients, who may 
have been referred for transplantation from a nephrol- 
ogy care provider further away, may return rapidly to 
care rendered by that provider. Recipients with com- 
plex lower urinary tracts will also require long-term 
urologic follow-up. 


Maintenance management, including 
immunosuppression 


After hospital discharge, patient management is 
largely focused on maintaining graft function without 
overly toxic or complex treatment regimens, so as to 
facilitate maximal patient rehabilitation with regards 


to growth and development, allowing as ‘normal of a 
childhood as possible with regular school participa- 
tion and sports or other extracurricular activities. His- 
torically, maintenance of graft function largely 
consisted of the prevention or at least prompt recog- 
nition and treatment of acute rejection. With the 
application of the latest immunosuppressive strate- 
gies, however, the incidence of acute rejection in the 
first 6-12 post-transplant months should be less than 
15%, and the most common reason for rehospitaliza- 
tion of pediatric kidney transplant recipients is now 
infection and not rejection.!°° These trends, paired 
with the almost inevitable development of CAN over 
time®?”4 and the considerable incidence of PTLD,!°! 
imply that a number of patients (probably excluding 
those at high immunologic risk) may currently be 
overimmunosuppressed. Discussions and efforts are 
therefore under way to develop more appropriate reg- 
imens for rejection prophylaxis, taking into consider- 
ation an individualized risk profile based on a variety 
of graft and recipient factors (see above). Generally, 
prudent combinations of several antirejection agents, 
adjusted based on various parameters as outlined 
above, will remain the mainstay of immunosuppres- 
sive therapy as long as the advent of protocols capable 
of inducing true immunologic tolerance remains 
uncertain. Of note, evidence is beginning to accrue in 
support of long-term administration of mycopheno- 
late mofetil as antiproliferative immunosuppressant 
agent of choice as part of such a combination! (see 


Table 24.9). 


Long-term aspects 


Current survival statistics (see Figure 24.1 and Table 
24.6) document excellent short- and mid-term patient 
and graft survival for children with kidney trans- 
plants, comparable with the outcomes of adult kidney 
transplantation. However, controversy exists regard- 
ing long-term outcomes, largely because of the 
propensity of the current immunosuppressive proto- 
cols to contribute to CAN, the leading actual cause of 
graft failure in adults after the first post-transplant 
year, and CV disease, the leading cause of death 
amongst adult kidney transplant recipients.741 
Therefore, and although half-lives of over 35 years for 
renal allografts from living donors have been pre- 
dicted recently by some clinicians,!% the challenge for 
the future is to develop better long-term care regi- 
mens for kidney transplant recipients with special 
emphasis on the problems of CAN and CV disease. 
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Moreover, such optimistic half-life predictions are not 
shared by other clinicians,” and even a transplant 
half-life of 30 or 40 years would theoretically appear 
insufficient for children, as a substantial number of 
transplants would still be lost rather early during their 
adulthood. Accordingly, there is already a growing 
population of patients at especially high immunologic 
risk: namely, those who have lost a previous kidney 
transplant or are recipients of another organ trans- 
plant and have developed renal failure from chronic 
CI toxicity or for other reasons. These individuals not 
only compete with first-time transplant candidates for 
organs but they also have a high incidence of sensiti- 
zation from their previous or ongoing alloexposure 
and are thus more difficult to transplant and to 
manage post-transplant. 18-19 

Another emerging challenge in the medical man- 
agement of children with kidney transplants is the 
provision of a meaningful transition from teenage to 
adulthood, including transfer of their transplant- 
related care to providers for adults. In fact, teenage 
and the transition phase into adulthood are associated 
with an increased incidence of adverse outcomes, at 
least in part due to more frequent non-compliance.!° 
Better strategies to enhance compliance during these 
critical stages in the life of pediatric transplant recipi- 
ents are thus urgently needed. 

Lastly, adequate living kidney donor follow-up is 
required because of the donor’s increased risk of 
hypertension and proteinuria several decades after 
donation. Along these lines, efforts to standardize 
this follow-up and to create a donor registry are under 
way in the United States. Some unfortunate former 
donors have even lost function of their remaining 
kidney, either because of trauma, malignancy, or 
kidney disease that was not apparent at the time they 
donated, and these individuals are given very high pri- 
ority in the organ allocation algorithm currently in 
place via the United Network for Organ Sharing. 


Summary 


Renal transplantation is the treatment of choice for 
pediatric patients with ESRD and is associated with 
excellent short- and mid-term outcomes, at least in 
recipients without extraordinary immunologic or 
other risk factors. In many children receiving a kidney 
allograft, urologic issues are of special importance 
before, during, and after transplantation because of 
the comparably high incidence of urologic disease in 
this age group. Important current challenges revolve 


around optimal long-term outcome, specifically 
CAN, chronic CI nephrotoxicity, other complications 
of prolonged administration of immunosuppressive 
agents, and compliance. 
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Pramod P Reddy and Eugene Minevich 


Introduction 


The purpose of this chapter is to review the current 
knowledge of pediatric urolithiasis, with the emphasis 
being on the pathophysiology, clinical presentation, 
evaluation, and medical management of this condi- 
tion. The surgical management of urinary calculi will 
be addressed in Chapter 26. 

It is well established that pediatric urolithiasis is a 
distinctly different condition and is not as common as 
adult urolithiasis; however, there are quite a few sim- 
ilarities in the presentation and evaluation of this con- 
dition regardless of the age of the patient. Urolithiasis 
is an important manifestation of disease conditions, 
with lifelong implications. 


Epidemiology of pediatric urolithiasis 


Children account for only 2-3% of all patients with 
calculous disease.!? Pediatric urolithiasis is endemic 
to certain developing countries such as Turkey, India, 
and Thailand, and until recently was a relatively rare 
condition in the Western Hemisphere. The incidence 
in the USA has been increasing over the past decade, 
possibly due to changing dietary and physical activity 
patterns in our pediatric population. In the USA, uri- 
nary stone disease accounts for 1:1000 to 1:7600 
hospital admissions, whereas in countries where stone 
disease is endemic the incidence is approx 1:1000 to 
1:3000.3 There has also been a shift in the patho- 
physiology of the stones encountered in the USA. 
Previously the majority of the stones were felt to be 
secondary to an identifiable underlying metabolic dis- 
order.*+> Recent data, however, suggest that pediatric 
urolithiasis is evolving to a more adult-type patho- 
physiology, possibly due to changing dietary habits 


and lack of regular exercise in this age group. 
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Urinary calculus disease is more common in Cau- 
casians, less commonly affecting those of African or 
Latin-American heritage.! Boys and girls appear to be 
affected equally, despite earlier data suggesting a male 
preponderance. 

The mean age at presentation is 6.9 years for girls 
and 5.2 years for boys.° Infected stones tend to occur 
more frequently in children under 4 years of age. In 
the pediatric population the rate of recurrence of 
stones ranges from 3.6% to 68% and appears to be 
the highest for children with underlying metabolic 
risk factors.”® It is the high recurrence rate that sug- 
gests that all children with stones should undergo a 
metabolic evaluation. 


Classification 


Several classifications have been proposed to organize 
pediatric stone disease. The schema proposed by 
Smith and Segura is one of the most comprehensive 
and useful systems that we have encountered (Table 
25.1). 


Pathophysiology of urolithiasis 


Formation of a stone in the urinary tract is a conse- 
quence of complex physical processes and represents 
the end manifestation of a multitude of diseases. The 
stone is produced as the culmination of many interre- 
lated anatomic and physiochemical processes.!? The 
major factors are supersaturation of lithogenic ions 
and crystallization of compounds in the urine. The 
formation of stones is influenced by urinary volume, 
pH, and the presence of urinary ions or compounds 
that function as promoters or inhibitors of litho- 
genesis. 
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Table 25.1 Classification of urolithiasis in children 


Enzyme disorders 

Primary hyperoxaluria (deficiency of hepatic 

peroxisomal alanine—glyoxylate 

aminotransferase): 

E Type 1: glyoxylic aciduria 

E Type 2: glyceric aciduria 

Xanthinuria (deficiency of xanthine 

dehydrogenase): 

E 1,8-Dihydroxyadeniuria 

Œ Lesch-Nyhan syndrome (hyperuricosuria due 
to deficiency of hypoxanthine—guanine 
phosphoribosy! transferase, HPRT) 


Renal tubular syndromes 

Cystinuria 

Renal tubular acidosis (types 1—4)(calcium 
phosphate stones) 


Hypercalcemic states 
Hyperparathyroidism 
Immobilization 


Uric acid lithiasis 
Enteric urolithiasis 


Idiopathic calcium oxalate urolithiasis 

Solute excess: 

Œ Hypercalciuria: 
Absorptive (Dent disease, Bartter syndrome) 
Renal 

Œ Hyperoxaluria 

EŒ Hyperuricosuria 

E Hypocitraturia 

E Medications excreted into the urine 
(sulfadiazine, indinavir, etc.) 


Endemic bladder stone formation 
Secondary urolithiasis 


Infection (struvite stones, secondary to UTI with 
bacteria that produce urease) 

Obstruction (UPJ obstruction, UVJ obstruction, 
neurogenic bladder, exstrophy) 

Structural abnormalities 

Urinary diversion procedures 

Foreign body (ureteral stent, suture, etc.) 


UTI, urinary tract infection; UPJ, ureteropelvic 
junction; UVJ, ureterovesical junction. 
Modified from Smith and Segura.? 


The central event in calculus formation is supersat- 
uration. If a urinary solute exceeds its solubility prod- 
uct (K,, = a constant that is equal to the product of 
the concentrations of the pure chemical components 
at which the solid and the dissolved states are in equi- 
librium in water at standard conditions and tempera- 


ture), crystallization of the solutes can occur. In 
normal individuals urine is undersaturated. When a 
solute is added to a solvent it dissolves in it until an 
equilibrium point is achieved [supersaturation (SS = 
1)]. Beyond this point (i.e. between saturated and 
supersaturated states — metastable zone) no further 
dissolution is possible but new nuclei do not form 
spontaneously.!! 

In normal urine, the concentration of a component 
necessary to reach supersaturation is several times 
higher than would be expected from its solubility 
because of the presence of naturally occurring organic 
and inorganic inhibitors that raise the K of the uri- 
nary solutes (i.e. magnesium, citrate, pyrophosphate, 
glycosaminoglycans, nephrocalcin, and Tamm-—Hors- 
fall protein).!2-!© Complexing agents are substances 
that form soluble complexes with specific crystals. 
Depending on the specific stone-forming substance, 
some chemicals such as citrate and magnesium may 
act as a complexor and/or an inhibitor. 

Once urinary solutes exceed their K,,, the solvent is 
said to be saturated (unstable zone) (Figure 25.1). 
Crystallization occurs via homogeneous nucleation 
(on itself) or heterogeneous nucleation (on top of 
particulate matter; i.e. other crystals, cells, and tubu- 
lar casts). In vivo, heterogeneous nucleation is much 
more common. Once this process is initiated, growth 
of the stone is fostered by the nuclei coming in close 
contact and binding to each other (due to chemical 
and/or electrical forces), resulting in crystal aggrega- 
tion (Figure 25.2).!! Urinary pH influences the solu- 
bility of various lithogenic ions. Uric acid and cystine 
are more soluble in alkaline urine (pH >7.0). 

Crystal retention and formation of calculi takes 
place initially in the papillary duct. Disorders of 
metabolism, or endocrine or urologic abnormalities 
may lead to the development of crystallized material 
in the urinary tract (Figure 25.3). 

Any condition that results in urinary stasis — Le. 
ureteropelvic junction (UPJ) obstruction, vesico- 
ureteral reflux (VUR) — promotes growth of a stone 
by increasing excretion of stone-forming constituents, 
crystal aggregation and retention, and a decrease in the 
excretion of inhibitors or complexing agents. It is very 
important that in reality a combination of factors are 
involved in the genesis of urinary calculi. 


Clinical presentation 


The clinical manifestations of pediatric urinary stones 
are dependent upon a number of factors: 
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UNSTABLE ZONE 


Metastable upper limit 


METASTABLE ZONE 


Equilibrium point (SS = 1) ————> 


UNDERSATURATED 
ZONE SS <1 


Figure 25.1 Supersaturation (SS) of urine. 


Nuclei form, grow, 
aggregate into crystals 


Sapa First crystals form 


New nuclei do not form 


seeceeeeeeseeeseseeeees Crystals neither grow 


nor dissolve 


New nuclei do not form 
Added nuclei dissolve 


Figure 25.2 Progression of lithogenesis. 
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Figure 25.3 General aspects of lithogenesis. UTI, urinary tract 
infection. 


E size of the stone 

E location of the stone 

E degree of obstruction to the flow of urine 

E presence of infection 

E presence or absence of a normal contralateral renal 
unit. 


Presentation tends to be age-dependent, with symp- 
toms such as flank pain and hematuria being more 


common in older children. Non-specific symptoms 
such as irritability and vomiting are more common in 
younger children. 

Most symptoms related to urolithiasis occur when 
the calculus becomes lodged in the ureter, causing 
partial or complete obstruction. Typically, an 
obstructing calculus causes either renal colic and/or 
an infection. Renal colic, which occurs in approxi- 
mately 40-75% of children with urolithiasis,!”!8 
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presents with a sudden onset of severe cramp-like 
flank, abdominal, or pelvic pain associated with gas- 
trointestinal symptoms (nausea and vomiting). Irri- 
tative voiding symptoms (i.e. dysuria, urgency, and 
frequency) occur when the calculus is in the distal 
one-third of the ureter. In some patients the pain can 
present as diffuse abdominal pain and can obscure 
the clinical picture, delaying the correct diagnosis.!? 

Microscopic or macroscopic hematuria has been 
reported in 33-90% of children with urinary stones.7° 

Urinary tract infection (UTI) may complicate the 
clinical presentation, especially in an obstructed 
kidney, and may not be associated with acute renal 
colic, but rather persistent flank pain. The combina- 
tion of flank pain and fever should immediately raise 
the suspicion for the presence of acute pyelonephritis 
occurring in the setting of an obstructed calculus, and 
this requires emergent intervention. 

Children with urethral stones often present with 
terminal hematuria or the inability to void. 

On physical examination, most children will be 
restless and costovertebral angle (CVA) tenderness 
may be elicited on the affected side. This presentation 
is less specific in younger children or renal transplant 
patients. Children under 5 years of age frequently pre- 
sent with symptoms suggestive of a UTI. Asympto- 
matic stones may be identified in children who are 
undergoing abdominal imaging for non-urologic 
diagnoses (i.e. acute appendicitis). 


Evaluation of patient with urolithiasis 


History and physical examination 


The initial evaluation of a pediatric patient with 
urolithiasis may suggest the diagnosis through a com- 
plete history and physical examination. The evalua- 
tion should begin with a review of the history and 
include questions regarding: 


E prematurity (especially with the use of furo- 
semide), supplemental vitamin D, or enteral/par- 
enteral nutrition formulas high in calcium and/or 
phosphorus 

E current medications (i.e. steroids, chemotherapeu- 
tic agents, diuretics, protease inhibitors) 

E concurrent illnesses (i.e. cystic fibrosis, neoplasms, 
seizures) 

E recurrent skeletal fractures, which could indicate 
the presence of hyperparathyroidism or other bone 
disease 


E nutritional habits (ie. ketogenic diet, dietary 
excesses or deficiencies, type and amount of fluid 
intake) 

E family history of nephrolithiasis, gout, or bowel 
disease. 


A wide variety of medical conditions can be associ- 
ated with urolithiasis in children. These include gas- 
trointestinal (GI) disorders, resulting in malabsorption, 
chronic corticosteroid treatment, cystic fibrosis, 
myelodysplasia, and immobilization. The family his- 
tory is helpful in patients with autosomal recessive dis- 
orders, such as cystinuria and primary hyperoxaluria, or 
with autosomal dominant diseases, such as renal tubu- 
lar acidosis (RTA) or the syndrome of idiopathic cal- 
cium oxalate urolithiasis. 

The physical examination should screen for chronic 
disease, including failure to thrive (distal RTA); 
hypertension as an indicator of underlying renal 
parenchymal injury; the characteristic bony deformi- 
ties of rickets; photophobia due to band keratopathy 
(hypercalcemia-induced metastatic calcification); and 
evidence of UTI. 


Imaging 


The radiographic work-up of a child with suspected 
urolithiasis is relatively straightforward. Imaging 
modalities such as plain films of the abdomen [kidney, 
ureter, and bladder (KUB)] can be useful in detecting 
stones, and also suggesting the type of calculi (Table 
25.2). Calcium oxalate stones are usually <2 cm in 
size, whereas struvite, uric acid, or cystine stones may 
fill the entire collecting system, i.e. staghorn calculi. 
Renal and bladder ultrasound (US) and intra- 
venous urography (IVP) are also useful in the diag- 
nosis of urolithiasis and evaluating the degree of 
obstruction caused by the stone. The use of IVP is 
limited in the pediatric population because of con- 
cerns about the risks of cumulative radiation expo- 
sure. Currently, in both adult and pediatric stone 


Table 25.2 Radiodensity of calculi on plain film 
imaging 


Radiopaque Radiolucent 
calculi calculi 
Calcium oxalate Uric acid 


Calcium phosphate 

Struvite (carbonate Triamterene 
apatite) Xanthine 

Cystine Silica 


2,8-Dihydroxyadenine 
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patients, the unenhanced, helical computeted tomog- 
raphy (CT scan) is the gold standard technique for 
radiologic evaluation of acute flank or abdominal 
pain. It allows for an accurate and timely diagnosis of 
obstructed urinary calculi and can also detect extrau- 
rinary lesions.?!?? CT scanners are readily available in 
most pediatric institutions and have the advantages of 
the brevity of the scan and avoidance of intravenous 
contrast (and any associated adverse reactions), 
although concerns about radiation exposure also exist. 

Voiding cystourethrogram (VCUG) and renal 
nuclear scintigraphy may be necessary to rule out 
associated anatomic abnormalities in some patients. 
Children with suspected neurogenic bladder and sig- 
nificant voiding dysfunction may benefit from urody- 
namic studies, to complete their evaluation when 
dealing with chronic or recurrent urolithiasis. 


Laboratory evaluation 


The evaluation of the patient may be divided into two 
phases — evaluation during an acute stone episode to 
direct therapy and subsequent evaluation to deter- 
mine the underlying etiology of the stone. Owing to 
the high incidence of predisposing factors for urolithi- 
asis in children (up to 75%) as well as the frequency 
of stone recurrences (up to 65%),!7 a complete eval- 
uation of every child after the very first urinary stone 
is advisable.?3-4 

During the acute phase, the following tests are rec- 
ommended: 


1 Urine for urinalysis (UA) and culture and sensitiv- 
ity (C&S). UA usually demonstrates hematuria, 
whereas pyuria may be a first sign of a UTI, which 
is confirmed with a urine culture. 

2 Serum electrolytes, blood urea nitrogen (BUN), 
and creatinine. Determination of serum creatinine 
is helpful in grossly evaluating the renal function. 


Table 25.3 Mean pediatric and adult urine chemistry values 


3 Complete blood count (CBC). 

4 Serum for Ca*+, phosphorus, magnesium, and 
parathyroid hormone (PTH) levels may be useful 
in determining the type of stone being treated. 


After treating the acute stone episode, it is of critical 
importance to collect a 24-hour urine sample in order 
to determine a stone-risk profile and to rule out any 
subtle metabolic abnormalities. The urine collection is 
evaluated for volume, pH, calcium, uric acid, creati- 
nine, sodium, oxalate, citrate, and cystine. 

Supersaturation indices are felt to accurately predict 
stone composition and may be a more precise predic- 
tor of response to therapy.”*.?6 We prefer two consec- 
utive 24-hour urine samples as initial evaluation, 
ideally after the patient is free of stones. During the 
collection of 24-hour urine samples, patients should 
maintain their usual diet and fluid intake. We use uri- 
nary supersaturation values as the principal laboratory 
benchmark index of possible crystal formation. Adult 
reference ranges for urinary supersaturation indices 
do not accurately reflect the pathophysiology in chil- 
dren.” In a recently published study we have shown 
that there are significant differences in the normal 
ranges of urine chemistries of children and adults. 
Calcium, oxalate, and citrate levels are significantly 
higher in children than adults when referenced by cre- 
atinine (Table 25.3).?8 Chemical analysis and deter- 
mination of the composition of the stone (with 
polarization microscopy, infrared imaging, or X-ray 
diffraction) should be performed whenever possible. 
The patient should be given a urine strainer to 
retrieve any stones that are passed in the urine. 

In this next section we will discuss the pathophysi- 
ology and specific treatment of the various types of 
stones encountered in children. 

Approximately 75% of all pediatric kidney stones 
in the USA are composed of calcium oxalate; these 
stones are usually mixed calculi with some component 
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of hydroxyapatite, or uric acid. The 10-20% of stones 
composed of struvite (magnesium ammonium phos- 
phate) are usually encountered in the clinical setting 
of recurrent UTI; 5% of stones are uric acid and 5% 
are composed mainly of brushite (calcium monohy- 
drogen phosphate), whereas <1% are composed of 
cystine. *9 


Idiopathic calcium oxalate urolithiasis 


Hypercalciuria 


Hypercalciuria is the most common predisposing 
metabolic factor for stone formation in children. In 
general, children with a history of calcium oxalate 
urolithiasis excrete a higher fraction of dietary calcium 
in their urine than unaffected children.!7 Normal cal- 
cium excretion in children is <4 mg/kg/day. Hyper- 
calciuria occurs in 53-81% of children with calcium 
stones.*!,32 Microscopic or gross hematuria may be 
encountered in children with hypercalciuria without 
urolithiasis, although up to 20% of them will develop 
stones within 5 years.3334 Hypercalciuria has also 
been reported in association with the urinary fre- 
quency-dysuria syndrome." Hypercalciuria is seen 
with a higher prevalence than in the normal popula- 
tion in children with Beckwith-Wiedemann syn- 
drome and cystic fibrosis.36 Initial studies of 
idiopathic hypercalciuria suggested two relatively 
easily defined and genetically distinct subtypes of 
hypercalciuria, ‘rena? and ‘absorptive’.3?” Recent 
reports have postulated that absorptive and renal 
forms of hypercalciuria appear to represent a contin- 
uum of a single disease process.?8 

Absorptive hypercalciuria, by far the most common 
cause of excessive urinary calcium, results from an 
increased intestinal absorption of calcium, which is 
caused by either overly aggressive vitamin D supple- 
mentation or excessive ingestion of calcium-contain- 
ing foods (milk-alkali syndrome). Increased intestinal 
calcium absorption produces a corresponding 
increase in serum calcium levels. Typically, serum 
PTH is in the low-normal range in absorptive hyper- 
calciuria because of feedback from the high serum cal- 
cium level. Fasting urinary calcium levels are usually 
within the normal range in these patients. 

Three types of absorptive hypercalciuria have been 
defined. In Type I, patients have hypercalciuria with- 
out calcium load, which is relatively uncommon and 
is the most severe type of absorptive hypercalciuria. In 
Type II, the most common variety, patients have 
hypercalciuria only, with a high calcium intake. In 


Type II, a relatively rare cause of hypercalciuria, the 
underlying etiology is a renal defect that causes exces- 
sive urinary phosphate excretion. This is suspected to 
result from inactivation of the renal epithelial 
sodium-—phosphate cotransporter — NaPi2. The con- 
tinuous urinary phosphate loss rapidly depletes the 
serum phosphate level, causing hypophosphatemia. 
This results in activation of vitamin D}, which 
increases intestinal absorption of both phosphate and 
calcium. The absorbed calcium is ultimately excreted 
in the urine, causing the hypercalciuria. 

Renal hypercalciuria results from a specific defect in 
the kidneys that allows excessive obligatory urinary 
calcium excretion, regardless of serum calcium levels, 
body stores, or calcium ingestion. The calcium: creati- 
nine ratio is usually high (>0.20). The loss of serum 
calcium into the urine produces a mild hypocalcemia 
and secondary hyperparathyroidism, which is useful in 
diagnosing this condition. Renal leak hypercalciuria is 
far less common than absorptive hypercalciuria. 


Hyperoxaluria 


This condition is discussed in depth in a later section. 
Up to 20% of patients with idiopathic calcium oxalate 
urolithiasis will have hyperoxaluria.!7 Oxalate has a 
very strong chemical affinity for calcium, and calcium 
oxalate has a relatively low solubility. This is most fre- 
quently due to idiopathic hyperoxaluria, in which case 
urine oxalate values are only mildly elevated. It may 
be due to simple dietary excess of high-oxalate food 
sources or to an increased endogenous oxalate pro- 
duction. In patients with enteric hyperoxaluria, cal- 
cium stones develop because of fat malabsorption, 
which in turn results in colonic hyperabsorption of 
ingested oxalate. The latter occurs because malab- 
sorbed fatty acids bind luminal calcium, which is then 
unavailable to precipitate and prevent the uptake of 
ingested oxalate.*? Enteric hyperoxaluria is seen in 
patients with intestinal malabsorption or inflamma- 
tory bowel disease and may be treated with dietary 
adjustment and citrate supplementation. 


Hyperuricosuria 


Hyperuricosuria commonly occurs in patients with 
idiopathic calcium oxalate urolithiasis.404! Hyperuri- 
cosuria may be the result of a diet high in purines, uri- 
cosuric drugs, or from tubular defects such as an 
isolated defect in renal tubular urate reabsorption, or 
from generalized tubular dysfunction. It can also 
occur in patients undergoing chemotherapy with 
rapid cell turnover, and in those who are in a negative 
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nitrogen balance (catabolic state). Hyperuricosuria 
leads to calcium oxalate crystallization by heteroge- 
neous nucleation and by reducing the levels of urinary 
inhibitors.47-48 


Hypocitruria 


Hypocitraturia is a risk factor for urinary stone for- 
mation in patients with idiopathic calcium oxalate 
urolithiasis.4 Urinary citrate has a direct inhibitory 
effect on the crystallization and precipitation of cal- 
cium salts. It binds to calcium ions in the urine, 
reducing calcium ion activity, which results in a low- 
ering of the supersaturation of calctum phosphate and 
calcium oxalate. It also increases the inhibitory activ- 
ity of other urine macromolecules (e.g. Tamm—Hors- 
fall protein) and may reduce the expression of urinary 
osteopontin, which is an important component of the 
protein matrix of urinary stones. In addition, urinary 
citrate excretion can increase urinary pH, which neg- 
atively influences uric acid crystallization and uric acid 
stone formation. Citrate excretion is impaired by aci- 
dosis, hypokalemia (causing intracellular acidosis), a 
high animal protein diet (with an elevated acid-ash 
content), and UTI. Acidosis reduces urinary citrate 
both by enhancing renal tubular reabsorption and 
reducing the synthesis of citrate. RTA is the most 
common cause of hypocitriuria in children. 


Medical management 


Since the single greatest risk factor of pediatric uri- 
nary stones is a low urinary flow rate,** the manage- 
ment of all patients with metabolic stones starts with 
maintaining an adequate level of oral fluid intake, 
even in young children. One should strive to maintain 
urine output greater than 2 L/day for adolescents and 


approximately 35 ml/kg/day for children.4647 Car- 
bonated beverages are to be avoided and do not count 
as an appropriate oral fluid in these patients. 

Calcium restriction in the growing infant, child, or 
adolescent should be avoided, as it only increases the 
risk for poorly mineralized bones. There appears to be 
widespread agreement that restriction of calcium 
intake contributes to the severity of a patients 
osteopenia.#8? Individuals having elevated urine 
sodium: potassium ratios seem most responsive to the 
hypocalciuric effects of increased potassium intake in 
combination with a low-salt diet.°° Dietary manipula- 
tions should initially be directed towards dietary 
excesses or deficiencies, and placing the child on a bal- 
anced and nutritious diet. The most frequently used 
medications to correct hypercalciuria are thiazide 
diuretics (1 mg/kg/day), which act to lower urinary 
calcium excretion by increasing the fractional calcium 
absorption by the distal nephron.*! If RTA is sus- 
pected, potassium or sodium citrate is indicated, as it 
corrects the systemic acidosis, hypercalciuria, hypoci- 
traturia, and hypocalcemia.*? Children with type 3 
absorptive hypercalciuria (phosphate leak) may benefit 
from treatment with orthophosphates.* Patients with 
urolithiasis secondary to a ketogenic diet need to be 
managed in close consultation with their neurologist, 
as these patients are on a very strictly regimented diet, 
in terms of volume and caloric intake (Table 25.4). 


Hypercalcemic states 


Hyperparathyroidism 


Resorptive hypercalciuria results from the loss of 
calcium from the body’s normal stores in the bony 


Table 25.4 Dietary recommendations for pediatric patients with calcium urolithiasis 
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skeleton and is typically diagnosed in children with 
hyperparathyroidism. Although primary hyper- 
parathyroidism is not a common cause of hypercal- 
cemic hypercalciuria in children, it must be 
considered in a patient with elevated serum calcium.!8 
In this condition, calcium is released from bone in 
response to the increased activity of osteoclasts caused 
by excessive and inappropriate serum PTH levels. 
This causes significant hypercalcemia. Under normal 
conditions, PTH causes the kidney to limit calcium 
excretion, but, with the overwhelming serum calcium 
load produced with hyperparathyroidism, the kidneys 
are forced to excrete the extra calcium into the urine, 
resulting in hypercalciuria. 


Immobilization 


Immobilization of children is the most common cause 
in North America of secondary hypercalciuria.° The 
patients primarily at risk are those acutely immobi- 
lized for the management of fractures or postopera- 
tive management, as opposed to those with static 
neurologic disorders who are chronically bedridden 
(i.e. spastic quadriplegia). 


Others 


Gastrointestinal hyperabsorption can be secondary to 
symptomatic vitamin D intoxication characterized by 
failure to thrive, anorexia, polyuria, and dehydration, 
and variable degrees of renal insufficiency. The hyper- 
calcemia of sarcoidosis is due to excessive 1,25- 
dihydroxyvitamin D, (1,25(OH),D.,) production by 
alveolar macrophages and in sarcoid granulomas. In 
the management of these conditions associated with 
hypercalcemia, it is critical to identify the underlying 
cause and correct it. 


Uric acid lithiasis 


Uric acid calculi are radiolucent and constitute up to 5% 
of the urinary calculi encountered in pediatric patients. 
These stones are usually white or orange. Uric acid crys- 
tals are orange and can often be mistaken for blood by 
the patient or their parents. A pH <5.8 promotes uric 
acid crystal precipitation, since they are poorly soluble 
in acidic urine. In the familial, or idiopathic, form of the 
disease, affected children have hyperuricosuria and 
normal uric acid serum concentration. Generalized dys- 
function of tubular reabsorption, as seen in patients 
with Wilson’s disease or various forms of the Fanconi 
syndrome, is associated with familial hyperuricosuria. 


Disorders associated with overproduction of uric 
acid include inborn errors of metabolism such as 
Lesch—Nyhan syndrome and type I glycogen storage 
disease (glucose-6-phosphatase deficiency).°+ Uric 
acid overproduction can also occur secondary to 
myeloproliferative disorders (presenting acutely or in 
relapse), or other causes of cell breakdown (catabolic 
states induced by neoplasms or chemotherapy). 
Hyperuricosuria may be the result of a high purine 
intake or uricosuric drugs (such as probenecid, sali- 
cylate) or from tubular defects such as an isolated 
defect in renal tubular urate reabsorption, or from 
generalized tubular dysfunction.” Chronic diarrheal 
syndromes (e.g. ulcerative colitis, regional enteritis) 
or jejunoileal bypass surgery may cause uric acid 
lithiasis by inducing net alkali deficit and lowering 
urine volume (thereby reducing urinary pH and 
augmenting urinary concentration of uric acid, 
respectively).°° The majority of patients with hyper- 
uricosuria have coexistent hypercalciuria; therefore, 
calcium oxalate urolithiasis may be seen in these 
children as well.*° 

Since most of these patients have a low volume of 
chronically acidic urine throughout the day, increas- 
ing oral fluid intake and urinary alkalinization to a pH 
of 6.5-7.0 with potassium citrate or sodium bicar- 
bonate are the primary goals of treatment. However, 
alkalinization of the urine above pH 7.0 can promote 
calcium phosphate stone formation. Patients with 
hyperuricemia secondary to myeloproliferative disor- 
ders may benefit from decreasing uric acid production 
with the xanthine oxidase inhibitor allopurinol. A rare 
complication of prolonged allopurinol therapy is the 


formation of xanthine stones.>” 


Renal tubular syndromes 


Renal tubular acidosis 


Renal tubular acidosis is a term applied to several clin- 
ical syndromes of metabolic acidosis that result from 
specific defects in renal tubular hydrogen ion secre- 
tion and urinary acidification. Three major types are 
currently recognized and are differentiated based on 
the nature of the tubular defect. Stones are composed 
principally of calctum phosphate (brushite), although 
calcium oxalate and struvite stones may be seen alone 
or in combinations. 

In type 1 (distal) RTA, the primary functional 
abnormality is the inability of the distal nephron to 
establish and maintain a hydrogen ion gradient 
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between the tubular fluid and the blood. As a result, 
the urine remains inappropriately alkaline regardless 
of the severity of the systemic acidemia. Type 1 RTA 
is associated with renal stone disease in up to 70% of 
cases. Factors contributing to stone formation include 
increased urinary pH, hypercalciuria, and hypocitra- 
turia.°8°? Obstructive uropathy is an example of an 
etiology of distal RTA. 

In type 2 (proximal) RTA, the primary defect is a 
failure of bicarbonate reabsorption in the proximal 
tubule, leading to bicarbonate wasting. However, the 
kidney is able to acidify the urine appropriately and to 
excrete the daily load of acid, as distal tubular func- 
tion is spared. Nephrolithiasis and nephrocalcinosis 
are not seen in proximal RTA.*® 

In type 4 RTA, chronic renal parenchymal damage, 
leading to moderate reductions in glomerular filtra- 
tion rate (GFR), produces hyperkalemic, hyper- 
chloremic metabolic acidosis in conjunction with 
bicarbonaturia, decreased ammonium excretion, and 
subnormal net acid excretion.5® Nephrolithiasis and 
nephrocalcinosis are absent in type 4 RTA. 

Type 1 RTA may present as an isolated entity or it 
may be the secondary manifestation of a variety of 
systemic and renal disorders, including Sjégren’s syn- 
drome, Wilson’s disease, primary biliary cirrhosis, and 
in patients who have undergone a jejunoileal bypass. 
Children usually present early with familial (autoso- 
mal dominant) type 1 RTA. Infants generally present 
with vomiting and/or diarrhea (>33%) and failure to 
thrive (>50%), with subsequent growth retardation. 
Less than 10% have nephrolithiasis and nephrocalci- 
nosis. Children present with metabolic bone disease 
(osteomalacia) or with signs and symptoms related to 
stone disease. 

Patients with type 1 RTA will present with a 
hypokalemic, hyperchloremic metabolic acidosis. In 
these patients, the urinary pH will never fall below 
5.5, no matter how low the serum bicarbonate level.5° 
Hypocitraturia and hypercalciuria will only be found 
in type 1 RTA, but are not specific for this disorder. 
A diagnostic work-up for the presence of incomplete 
distal RTA is indicated when nephrocalcinosis or 
recurrent nephrolithiasis of unclear etiology occurs in 
the absence of spontaneous, non-anion gap acidosis. 
Although these patients do not have spontaneous 
metabolic acidosis, they are unable to acidify the urine 
appropriately when presented with an acid load.® 
This condition is diagnosed by means of an ammo- 
nium chloride loading test and monitoring the urine 
pH. If at any time the urinary pH falls below 5.5, the 
diagnosis of RTA can be excluded. 


Cystinuria 


Cystinuria is a complex autosomal recessive disorder, 
characterized by an abnormality in a specific transport 
system located in the brush-border membrane of the 
proximal straight renal tubule and the small intestine. 
The transporter (SLC3A1 dibasic amino acid trans- 
porter) is encoded on chromosome 2p21. Cystinuria 
results from an excessive urinary excretion of cystine 
(the disulfide dimer of cysteine) and the dibasic amino 
acids arginine, lysine, and ornithine.°!©? Cystine has 
poor solubility in the normal urinary pH range and a 
pH below 7 causes cystine to precipitate. Cystine 
stones are usually very hard and resistant to fragmenta- 
tion by extracorporeal shock wave lithotripsy (ESWL). 

There are three subtypes of cystinuria, and it occurs 
with a frequency of 1 in 15 000 live birthsć364 and 
accounts for 1—3% of children with metabolic urolithi- 
asis in industrialized countries.° Cystine crystals are 
characteristically flat, hexagonal, and colorless. Cystine 
crystals are diagnostic, but are detected in only 
19-26% of homozygous cystinuric patients.6? Cystin- 
uria has been associated with hyperuricemia, uric acid 
urolithiasis, hemophilia, retinitis pigmentosa, muscu- 
lar dystrophy, muscular hypotonia, mental retarda- 
tion, trisomy 21, and hereditary pancreatitis. 

The treatment goals of this condition include main- 
taining a high fluid intake to reduce cystine saturation 
(the goal is <300 mg cystine/L of urine) with urinary 
flow rates of up to 50 ml/kg/24 h.65:66 Further reduc- 
tion of cystine concentration can be achieved with a 
diet low in protein and sodium. Urinary alkalinization 
with potassium citrate at a pH of approximately 7.6 
should be maintained in all patients. In children in 
whom hydration and alkalinization have failed, D-peni- 
cillamine (20-50 mg/kg/day) and/or N-(2-mercapto- 
propionyl)glycine (tiopronin; Thiola) (15 mg/kg/day) 
can be effective in decreasing the rate of stone forma- 
tion. These drugs can be associated with serious side 
effects, and patients taking them must be monitored 
very closely for bone marrow suppression, nephrotic 
syndrome, and complications resembling systemic 
lupus erythematosus (SLE) and Goodpasture’s syn- 
drome. Thiola has been reported to be better tolerated 
by pediatric patients. Vitamin B, supplementation 
must be added to patients being treated with either 
medication. Captopril has also been shown to be effec- 
tive in lowering the urinary cystine level in homozy- 
gous cystinuric patients, by forming a thiol-cysteine 
mixed disulfide compound that is more soluble in urine 
than cystine.°” Patients with cystinuria are at a very 
high risk for recurrent urolithiasis.©8° 
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Enzymatic disorders 


Primary hyperoxaluria 


Primary hyperoxaluria is a very rare but serious disor- 
der caused by a congenital defect resulting in very 
high levels (>200 mg/day) of endogenous oxalate 
production. Without treatment, the prognosis for 
these patients is poor. Renal failure occurs in 50% of 
patients by age 15 years and in 80% by age 30 years. 
Standard dialysis for uremia cannot remove enough 
serum oxalate to protect the kidneys and other organs 
from widespread calcium oxalate deposition (i.e. 
oxalosis) and calcium oxalate stone production. 

Type I primary hyperoxaluria is the more common 
variety. It occurs in 1 in 120 000 live births and is 
transmitted as an autosomal recessive trait. It is caused 
by a deficiency of the peroxisomal liver-specific ala- 
nine-glyoxylate aminotransferase enzyme (i.e. AGT). 
Pyridoxine (vitamin B,) is a cofactor in this chemical 
pathway, which normally converts glyoxylic acid 
(C,H,O,) to glycine. Blocking of this pathway because 
of a deficiency or absence of AGT results in high levels 
of glycolic and oxalic acid, which are readily converted 
to oxalate, which is then excreted in the urine. 

The median age for presentation of initial symp- 
toms related to hyperoxaluria is 5 years. Oxalate 
deposition can occur in other organs (e.g. bones, 
joints, eyes, heart). In particular, bone tends to be the 
major repository of excess oxalate in patients with pri- 
mary hyperoxaluria. Bone oxalate levels are negligible 
in healthy subjects. Oxalate deposition in the skeleton 
tends to increase bone resorption and decrease 
osteoblast activity. Because symptoms occur relatively 
late and are associated with very serious complica- 
tions, screening all pediatric patients who have stones 
for hyperoxaluria is important. Discovering this con- 
dition may allow earlier testing, detection, diagnosis, 
and pre-emptive therapy in affected siblings. 

Type II primary hyperoxaluria is much less 
common than type I primary hyperoxaluria and is 
caused by a deficiency of D-glycerate dehydrogenase 
(DGDH). This deficiency promotes the conversion of 
glyoxylate to oxalate. The degree of hyperoxaluria is 
approximately the same between the two types of pri- 
mary hyperoxaluria. End-stage renal disease (ESRD) 
is slightly less common in patients with type II pri- 
mary hyperoxaluria than in those with type I primary 
hyperoxaluria. 

Primary hyperoxaluria requires vigorous manage- 
ment and careful follow-up. Therapy includes pro- 
moting a high urinary flow rate around the clock, and 


restricting dietary oxalate. Restriction of dietary cal- 
cium can result in increased oxalate absorption via the 
gastrointestinal tract and should be avoided.”° Pyri- 
doxine supplements (25-250 mg/day) have been 
shown to lower oxalate production and decrease the 
need for renal—liver transplantation.” Pyridoxine is 
generally not effective in patients with type II primary 
hyperoxaluria. 

Curative treatment involves a combined kidney and 
liver transplantation. Renal transplantation alone is 
insufficient because the liver defect causing the hyper- 
oxaluria is not corrected. In selected patients, an early 
liver transplantation prior to the development of 
overt renal failure may preserve the native kidneys, 
thus avoiding the need for renal transplantation. 


Xanthinuria 


Xanthinuria is a descriptive term for excessive urinary 
excretion of the purine base xanthine. The two inher- 
ited forms of xanthinuria result from a deficiency of 
the enzyme xanthine dehydrogenase, which is respon- 
sible for degrading hypoxanthine and xanthine to uric 
acid. The resultant increase in plasma levels and excess 
urinary excretion of the highly insoluble xanthine 
leads to urolithiasis, arthropathy, myopathy, crystal 
nephropathy, or renal failure.7! More than 50% of the 
xanthine uroliths occur in children <10 years. Iatro- 
genic xanthinuria can occur during allopurinol ther- 
apy, which is used to reduce urine uric acid excretion 
in conditions with endogenous overproduction of 
uric acid. Inhibition of xanthine dehydrogenase by 
allopurinol may lead to accumulation and urinary 
excretion of xanthine. No specific therapies are avail- 
able for classic xanthinuria 


Lesch-Nyhan syndrome (hyperuricosuria) 


The enzymatic defect associated with Lesch-Nyhan 
syndrome is a deficiency of the enzyme hypoxan- 
thine-guanine phosphoribosyl transferase (HPRT). 
This enzyme normally plays a key role in the recycling 
of the purine bases hypoxanthine and guanine into 
the purine nucleotide pools. In the absence of HPRT, 
these purine bases are degraded and excreted, ulti- 
mately as uric acid. In addition to the failure of purine 
recycling, the rate of synthesis of purines is markedly 
increased, presumably to compensate for purines lost 
by the failure of the salvage process. 

Lesch-Nyhan syndrome is a genetic disorder asso- 
ciated with overproduction of uric acid, neurologic 
disability, and behavioral problems. The overproduc- 


tion of uric acid is associated with hyperuricemia. If 
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left untreated, it can produce nephrolithiasis with 
renal failure, gouty arthritis, and solid subcutaneous 
deposits known as tophi. The neurologic disability 
encompasses a spectrum of extrapyramidal signs, 
including dystonia, choreoathetosis, and occasionally 
ballismus. The behavioral problems include cognitive 
dysfunction, aggressive and impulsive behaviors, and 
self-mutilation.72 

The majority of patients present between 3 and 12 
months of age with delayed motor development, 
most commonly hypotonia or failure to reach normal 
motor milestones. A smaller number of patients pre- 
sent with complications related to the overproduction 
of uric acid. Sometimes the parents give a history of 
‘orange sand’ in the diapers, which is caused by uric 
acid crystalluria and microhematuria. Other patients 
may present with renal failure or frank hematuria, 
resulting from nephrolithiasis. 

The control of uric acid requires allopurinol, which 
inhibits the metabolism of hypoxanthine and xanthine 
to uric acid by the enzyme xanthine oxidase. 

Generous hydration is essential at all times. Hydra- 
tion should be increased during periods of increased 
fluid loss, such as a febrile illness or recurrent emesis. 


Infection stones 


Infection-related stones constitute about 2-3% of the 
stones in pediatric patients and most commonly are 
seen in younger children (<6 years of age). Infection 
by urea-splitting bacteria results in increased urinary 
pH (large amount of NH,) and increased urinary mag- 
nesium ammonium phosphate, conditions favoring the 
formation of struvite stones. Urinary pH of 26.8 
results from the action of the bacterial enzyme urease 
on urinary urea. The resultant stones (which have a 
tendency to grow rapidly and form staghorn calculi) 
are intrinsically contaminated by bacteria, and the 
affected children all have findings of persistent pyuria, 
bacteriuria, and struvite crystalluria. Over 45 types of 
microorganisms are capable of urease production. Pro- 
teus spp are isolated in over 70% of all patients with 
infected stones, although Pseudomonas, Klebsiella, Strep- 
tococcus and Mycoplasma spp may also produce urease.” 

To treat struvite stones successfully, the stone har- 
boring the infection should be eliminated completely. 
In such cases, antibiotics alone cannot reach microor- 
ganisms and urinary infection recurs as soon as antibi- 
otics are withdrawn. Select patients will benefit from 
hemiacidrin irrigation, which can dissolve some stru- 
vite stones. Acetohydroxamic acid (AHA), a urease 


inhibitor, is available for the management of stones 
caused by infection.”4 Genitourinary tract abnormali- 
ties predispose to the formation of infected stones 
(most frequently by obstruction); therefore, careful 
urologic evaluation of the patient with infected stones 
is mandatory. Findings of obstruction or a struc- 
turally anomalous urinary tract in these patients do 
not obviate the need for careful metabolic assessment. 
In one study of 66 patients with structural anomalies 
of the urinary tract, 36% had coexistent metabolic 
abnormalities. In the same study, of the 41 patients 
with infection-related stones, 56% had genitourinary 
anomalies and 29% had metabolic abnormalities.!” 


Miscellaneous stones 


Triamterene stones 


Triamterene is a potassium-sparing diuretic: 70% of 
the orally administered medication appears in the 
urine; 1 in 1500 patients on this medication will 
develop stones.”5 


Sulfadiazine stones 


Sulfadiazine is a medication that is used to treat toxo- 
plasmosis in patients with human immunodeficiency 
virus (HIV). Sulfadiazine crystalluria occurs in up to 
49% of the patients treated with this medication, but 
the exact incidence of sulfadiazine causing stones is 
unknown. Most sulfadiazine stones are radiolucent. 
Treatment includes hyperhydration and alkalinization 


of the urine.”° 


Indinavir (Crixivan) stones 


Indinavir is a protease inhibitor that is used as an 
antiviral drug in the treatment of HIV: 20% of the 
administered medication is excreted unchanged in the 
urine. Patients who do not maintain a urine output of 
>1.5 L/day while on this medication will often have 
crystalluria and occasionally develop indinavir 
stones.”” Stone development occurs at higher urine 
pH (>6.0). These stones are typically radiolucent, and 
composed of a soft yellowish-brown gelatinous mate- 
rial. Unenhanced computed tomography (CT) imag- 
ing may fail to demonstrate these stones, and a high 
degree of suspicion should be maintained in patients at 
risk for these stones.” ESWL is often not useful in 
treating these stones, because of their soft nature, but 
they do respond to hyperhydration and mechanical 


removal of the stone (i.e. stone basketing).”” 
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Summary 


Urolithiasis in the pediatric population has diverse 
etiologies and presentations. With a careful and sys- 
tematic evaluation of the patient and individualized 


management strategies, recurrent stones, renal injury, 
and patient morbidity can be minimized. Once again 
we would like to emphasize that the adult urinary 
values for the metabolic stone-risk profile are not 
accurate for their use in pediatric patients. 
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Etiology/epidemiology 


The incidence and prevalence of childhood urolithia- 
sisis varies widely throughout the world. In Turkey 
and Southeast Asia, urolithiasis remains an endemic 
disease, with an estimated incidence in Turkish 
schoolchildren of 0.8%.! Bladder stones composed of 
ammonium urate and uric acid indicate dietary eti- 
ologies for the disproportionate incidence of urolithi- 
asis in endemic areas. In contrast, pediatric renal 
stones are rare in North America, with nephrolithiasis 
accounting for 1 in 1000 to 1 in 7600 pediatric hos- 
pital admissions, depending on the geographical 
region.” The incidence of stone disease in children is 
only one-tenth of that in adults.” The southeast 
United States predominates in prevalence. 

Only 50% of pediatric patients diagnosed with 
urolithiasis complain of flank pain.? Other presenta- 
tions include gross or microscopic hematuria 
(25-40%), incidental finding on imaging examina- 
tions (15%), and urinary tract infection (10-30%).?-> 
Stones in infants are often discovered when investi- 
gating persistent symptoms of colic. 

Spontaneous passage of pediatric urinary stones is 
common, and conservative management is preferred 
in the absence of obstructive uropathy, urosepsis, or 
uncontrolled pain and vomiting. The rate of sponta- 
neous passage will vary according to both the size of 
the stone and its position within the ureter (Figure 
26.1) Adult studies show an overall spontaneous pas- 
sage of approximately 55% for all stones, with those 
<4 mm passing approximately 80% of the time.° The 
spontaneous passage rate in children is similarly high, 
at or near 66% among all pediatric age groups.” 
Other studies have shown that stones within the prox- 
imal collecting system pass approximately 22% of the 
time compared with 46% and 71% for those in the 
middle and distal third of the ureter, respectively.® 
Previous reports in the pediatric literature concluded 
that calculi <3 mm have a greater chance of passing 
spontaneously, whereas stones >4 mm most likely 


require surgical management.” It has been the 
authors’ experience that even small stones that 
become symptomatic in the proximal ureter are often 
not likely to advance spontaneously. Furosemide 
administration in premature infants with bronchopul- 
monary disease, and the calcium and phosphorus con- 
tent of premature infant formulas have resulted in a 
higher incidence of renal stones as compared with 
ureteral stones in that patient population.!° In addi- 
tion, these renal stones are often large and less likely 
to pass spontaneously. Whereas renal stones in infants 
are related to specialized medical therapy and systemic 
illness, urinary metabolic abnormalities commonly 
contribute to urolithiasis in older children. 

If the clinical symptomatology suggests the pres- 
ence of a urinary calculus, an algorithm similar to that 


Figure 26.1 Even large stones with a smooth edge and 
a tapered leading edge may pass through the pediatric 
ureter; therefore, conservative management should be 
the first step unless symptoms warrant urgent inter- 
vention. Sharp ‘spines’ when present (as pictured here) 
may inhibit even a small stone from passing. 
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in adults, radiographic evaluation with a non- 
enhanced helical computed tomography (CT) scan of 
the abdomen and pelvis is most appropriate. 11-12 This 
will allow complete visualization of the collecting 
system and should identify all sizes and types of uri- 
nary calculi (Figure 26.2). If deemed necessary, intra- 
venous contrast media may be administered after the 
non-contrast phase to evaluate for obstruction and 
focal changes in the kidney, providing more informa- 
tion than a traditional intravenous pyelogram (IVP). 
Most pediatric stones consist of calcium oxalate and 
may be radiopaque on plain X-ray. Although ultra- 
sound is usually still performed to exclude large renal 
calculi, hydronephrosis, or perirenal collections, it has 
very low sensitivity for detecting ureteral calculi. 
Total radiation exposure in children is a serious con- 
sideration, and CT protocols that image stones while 
reducing dosage are currently under evaluation. 1214 
Metabolic and genitourinary anomalies that may 
predispose to urolithiasis often coexist in pediatric 
patients (Figure 26.3). Anatomic abnormalities, with 
ureteropelvic junction obstruction being the most 
common, are discovered in 10-40% of children eval- 
uated for stones.!5 Metabolic abnormalities are 
exceedingly common and may exist in up to 90% of 
children with urinary stones, depending upon how 
strictly they are defined.”16!7 Common urine abnor- 
malities include hypercalciuria, hypocitraturia, and 
hypomagnesuria. Urinary supersaturation indices are 
often elevated and may prove to be a more precise 
predictor of stone recurrence than traditional meta- 
bolic parameters.!8!9 Low urinary volume is also 
common and treatment should result in urine output 


Figure 26.2 CT scan of the abdomen and pelvis allows 
for complete visualization and diagnosis of even small 
urinary calculi. This young boy had right-sided symp- 
toms. On radiographic evaluation, he was found to 
have bilateral ureteral calculi and required subsequent 
bilateral therapy. 


of approximately 35 ml/kg/day.?° Significant hyper- 
calciuria and hypocitriuria should be aggressively 
treated in children with recurrent stone disease or 
multiple or bilateral calculi. Serum electrolyte evalua- 
tion is appropriate in children found to have signifi- 
cant urine metabolic abnormalities. 

Conservative management is most appropriate for 
stones of relatively small size (<4 mm) without signs 


Figure 26.3 (a) A large stone burden is seen in both 
collecting systems in this teenage boy as well as 
encrustation of stone matter on the proximal portion of 
the pigtail stent. An underlying metabolic abnormality 
was suspected and, in fact, he had primary hyper- 
parathyroidism. It is not uncommon to see papillary tip 
calculi (b) at the time of ureteroscopy for intrarenal cal- 
culi. These are seen as small areas of nephrocalcinosis 
on non-contrast CT scan. On metabolic urine evalua- 
tion, these children are more likely to show evidence of 
hypercalciuria. 
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of obstructive uropathy or urosepsis. It is important 
to have the child strain all urine so that calculus debris 
can be obtained and sent for stone analysis. This also 
gives an endpoint for conservative management, pos- 
sibly eliminating the need for follow-up radiographic 
assessment. 

Once the child has been cleared of any calculus dis- 
ease, either through conservative management or sur- 
gical intervention, it is appropriate to obtain two 
consecutive 24-hour urine samples for metabolic 
stone analysis. These should include an internal crea- 
tinine standard to ensure completeness of urine sam- 
pling. Traditional urinary metabolic parameters 
include calcium, phosphate, magnesium, citrate, crea- 
tinine, uric acid, pH, and voided volume. For chil- 
dren not yet toilet trained, 
measurements of creatinine, calcium, uric acid, and 
oxalate may be obtained, but preferably 2-4 hours 
after milk is ingested.?! Pediatric reference ranges are 
now readily available and should be utilized.?712? 
Serum evaluation should be performed in children 
with stone recurrence or multiple calculi, and should 
include calcium, phosphate, uric acid, creatinine, 
sodium, and potassium. Surgical intervention is 
appropriate for any size stone with prolonged failure 
of spontaneous passage or unrelenting symptoms 
such as pain, nausea, vomiting, and gross hematuria. 
Proactive treatment of renal stones >5 mm should be 
considered, as a stone this size is likely to cause 
obstructive symptoms while passing through the uri- 
nary system. Treatment strategies should be based 
upon achieving the greatest stone-free rate for the 
particular situation, with the least morbidity and 
lowest risk for ancillary procedures. The most effec- 
tive treatment plan may include multiple modalities. 


random urine 


Treatment options 


Extracorporeal shock wave lithotripsy 


Extracorporeal shock wave lithotripsy (ESWL) to 
treat pediatric stones was first reported in 1988.23 Ini- 
tial reports in animal models indicated evidence of 
significant renal damage following ESWL, which may 
have contributed to the delay in its use for chil- 
dren.242° 

Reported ESWL success rates after one session for 
mean stone sizes up to 2.5 cm are excellent, with a 
75-98% stone-free rate at 3 months.2©2? Ureteral 
stents are usually avoided after treatment for most 


stones, as children have an impressive ability to pass 


proportionately larger stone fragments than 
adults.30%31 Initial experiences with ESWL monother- 
apy for staghorn calculi confirm the feasibility of this 
modality, with stone-free rates of approximately 
75%.32-34 These patients appear to benefit from pre- 
ESWL ureteral stent placement and often require 
ancillary procedures for complete stone clearance.*4 

Long-term functional studies on pediatric patients 
following ESWL now show no significant change in 
effective renal plasma flow or mean body height at 
least 4 years after treatment.*°-37 The safety and effi- 
cacy of ESWL have also been demonstrated in pre- 
mature low birth weight infants.!° Still, animal 
experimental studies demonstrating increased inci- 
dence and size of hematoma formation with increased 
number of administered shocks during ESWL require 
conservative use of this treatment modality.*8 
Whereas extended long-term microvascular conse- 
quences and those on renal anatomy await elaboration 
in children, morphologic changes such as subcapsular 
or intrarenal hematomas have been infrequently 
noted. These findings usually resolve spontaneously 
within 1 week. It is not uncommon to see gross 
hematuria after ESWL, but this usually quickly 
resolves with increased fluid intake. Any child with 
significant abdominal or flank discomfort in the early 
postoperative period should be evaluated for possible 
hematoma or obstruction from calculus debris. 

Hemoptysis has been reported postoperatively, 
particularly in children with significant orthopedic 
deformities.2° Small stature and some skeletal defor- 
mities increase the risk of the pulmonary field being 
present within the shock wave path. Prevention of 
such a complication may be lessened through the use 
of styrofoam padding, and symptoms should resolve 
with conservative management. 

Shock waves are generated and focused by a variety 
of mechanical systems. The original units are spark- 
gap generated, ellipsoid focused systems that are 
extremely powerful and have a wide focal point. The 
Dornier HM3 (Dornier MedTech, Kennesaw, Geor- 
gia) remains the gold standard in efficacy for stone 
fragmentation. However, the HM3 produces a wider 
area of shock wave effect and styrofoam sheets should 
be placed to protect the lungs, while gantry modifica- 
tion is required for smaller children. 10-40 Subsequent 
generations of lithotriptors have less scatter of energy, 
increased ease with which a child can be placed on the 
unit, and improved localization of radiolucent stones 
as a result of sonographic coordination. These 
improvements decrease the intensity of energy and 
exchange overall stone-free rates for potentially mini- 
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mized renal trauma. Newer-generation ESWL units 
are portable and may be easily transported between 
operating room suites. In adults it is possible to per- 
form ESWL under light anesthesia, although children 
generally require a deeper general anesthetic for suc- 
cessful completion. Localization of the stone during 
treatment is determined by fluoroscopy, sonography, 
or plain X-ray films. Sometimes it is necessary to posi- 
tion a child prone in order to access the stone for 
effective lithotripsy. 

Similar principles are applied for children as for 
adults, and proper patient selection will help to 
improve treatment outcomes. Some relative con- 
traindications for ESWL include morbid obesity, a 
large stone burden, increased stone density, congeni- 
tal skeletal/renal anomalies, and previously failed 
ESWL. The number of shocks, and the maximum 
energy level should be tailored for each case, and peri- 
odic stone visualization during the procedure will 
demonstrate when adequate lithotripsy has occurred. 
The primary goal is always to use the least amount of 
energy necessary to accomplish successful treatment. 


Ureteroscopy 


Advances in fiberoptics and in the design of mini rigid, 
semirigid, and flexible ureteroscopes has allowed for 
miniaturization of endoscopes and a resurgence of 
interest in endoscopy for pediatric patients. Adequate 
visualization has not been significantly compromised 
despite the downsizing of endoscopes. Digital imag- 
ing as well as enhancements in video technology allow 
for clear visualization as well as instantaneous docu- 
mentation of endourologic procedures. Digital chips 
incorporated into larger flexible endoscopes currently 
exist, but technologic limitations prevent their use in 
the smaller-caliber instruments. 

Pediatric ureteroscopy was first reported in 1929 
by Hugh Hampton Young.*! The procedure was per- 
formed on a 2-month-old boy with massively dilated 
ureters secondary to posterior urethral valves. Young 
utilized a 9.5 Fr pediatric cystoscope and was able to 
visualize the ureter as well as the intrarenal collecting 
system. But ureteroscopy gained gradual widespread 
acceptance by pediatric urologists only after Ritchey 
and Shepherd independently published articles on the 
technique of pediatric ureteroscopy for treatment of 
urinary calculi in 1988.4243 

Two types of ureteroscopes are available to the 
pediatric urologist: the mini rigid fiberoptic uretero- 
scope and the flexible fiberoptic ureteroscope. The 
mini rigid fiberoptic (i.e. semirigid) ureteroscope has 


a metal outer casing, which is malleable enough to 
allow for limited bending without image distortion. 
These endoscopes are more durable than flexible 
ureteroscopes and most can be safely autoclaved for 
sterilization. Excellent visual fields, and two working 
channels that allow for simultaneous irrigation as well 
as placement of working instruments, make these 
endoscopes particularly useful in the distal ureter. 
However, passage into the proximal collecting system 
above the bony pelvis may be difficult. Varying 
lengths are available, and the authors use both a 
15 cm and 33 cm endoscope tailored to the child’s 
size and location of the stone (Figure 26.4) Although 
the distal tip is as small as 4.7 Fr, the gradual increase 
in the diameter of the malleable metal shaft proxi- 
mally towards the eyepiece requires one to maintain 
vigilance to minimize the risk of meatal injury in the 
young male. 

Flexible ureteroscopes are useful within the proxi- 
mal and intrarenal collecting system due to their 
active as well as passive tip deflection. Some models 
have the capability of both primary and secondary 
active deflection (DUR-8 Elite, Circon ACMI, 
Southborough, MA) and others have 270° primary 
deflection in either direction (Flex-ex, Karl Storz, 
Tuttlingen, Germany). Most flexible ureteroscopes 
have a working channel of approximately 3.6 Fr, 
which is adequate for passage of instruments while 
maintaining space for irrigation. Rarely, however, is 
secondary passive tip deflection necessary for com- 
plete inspection of the intrarenal pediatric collecting 
system because the arc of deflection is adequate to 
access the lower pole in most pediatric kidneys. Many 
working instruments will decrease the ability to 
actively deflect the ureteroscope, and it is important 
to remember to straighten the distal tip of the 
ureteroscope prior to passage of any working instru- 
ment to help prevent damage to the working channel. 


Figure 26.4 Semi-rigid ureteroscopes of varying 
lengths are most helpful for stone removal within the 
mid and distal ureter. The two separate lumens permit 
continuous irrigation through one port while perform- 
ing tasks through the second port. 
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Resistance within the working channel may be 
decreased through the use of a silicone lubricant. 

Recent technologic advancements have improved 
the durability of both the outside sheath, and deflect- 
ing mechanisms, but have resulted in an increased 
outer diameter. Because of their flexible design, these 
endoscopes are more prone to damage and need to be 
handled with care. Replacement of the fiberoptic bun- 
dles is necessary when the image becomes signifi- 
cantly distorted, and any perforation of the working 
channel will cause damage to the endoscopes. Flexible 
endoscopes can be safely soaked in cold sterilization 
solution or undergo gas sterilization, but cannot be 
autoclaved. The distal tip is approximately 7.4 Fr but 
gradually becomes 8.5 Fr or greater at the proximal 
shaft, which helps to strengthen the sheath and pro- 
tect the inner bundle fibers. The authors prefer the use 
of three distinct lengths in children (35, 50, and 
65 cm) in order to decrease the amount of redundant 
shaft outside of the body, which helps to prevent 
damage during use (Figure 26.5). 


Working instruments 


A variety of working instruments have been designed 
for use within miniaturized endoscopes. Guidewires 
are required as a platform for advanced ureteroscopy 
and are the most commonly used working instru- 
ments in endourology: not only do they aid in access 
to the ureter but also they help to prevent intraopera- 
tive complications by preventing loss of access to the 
collecting system. Most guidewires have an inner 
stainless steel core coated by polytetrafluoroethylene 
(PTFE) to reduce friction, and others have a super- 
elastic nitinol (nickel—titanium) alloy core, which pre- 
vents kinking of the wire. There are varying 
diameters, but a 150 cm PTFE-coated guidewire with 
a 3 cm floppy distal tip is the most common type in 
our practice. The distal tip may be straight or angled 
and the length of its flexible floppy tip varies. A wire 
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Figure 26.5 Flexible ureteroscopes are much more 
prone to damage because of their delicate design. To 
decrease this risk, it is helpful to have multiple lengths 
available, in order to eliminate redundancy of the 
endoscope outside of the body during the procedure. 


with a floppy tip on both ends is the safest choice for 
passage of a flexible ureteroscope because it mini- 
mizes potential damage to the working channel. 

A hydrophilic-coated guidewire is helpful for nego- 
tiating a tortuous or narrowed ureter and for place- 
ment of a working wire proximal to an impacted 
ureteral calculus. These extremely slippery guidewires 
need to be kept moist and should not be used as safety 
wires, because of the ease with which they may be dis- 
lodged during an endoscopic procedure. Handling of 
the slippery hydrophilic wires is made easier through 
the use of a moistened gauze sponge. For straighten- 
ing tortuous or reimplanted ureters, extra stiff 
guidewires may be used, and these should also be 
used for percutaneous tract dilatation. Importantly, 
these wires should not be used when placing a flexible 
ureteroscope because of the increased risk of damag- 
ing the delicate working channel. 

Development of a wide spectrum of accessories, 
from stone baskets to grasping forceps, has signifi- 
cantly aided the extraction of stone debris from the 
collecting system. The instruments vary in diameter 
from 1.9 to 4.5 Fr and most are contained within a 
hydrophilic sheath (PTFE, polyimide) to facilitate 
passage. 

A variety of designs of baskets exist, but the most 
significant improvement in basket design has been the 
tipless nitinol basket. The tipless design makes it par- 
ticularly safe and useful for extraction of stones within 


a tight calyx (Figure 26.6) and, when deployed, 


Figure 26.6 The small, tipless nitinol baskets enable 
removal of stones contained within tight calices with 
minimal trauma. 
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allows for more complete active deflection of the 
ureteroscope due its increased flexibility.44 Some of 
the newer baskets have been designed to allow con- 
trolled active angulation of the baskets’ wires (Dimen- 
sion, Bard Urological Division, Covington, GA) and 
others enable a canopy to form that may engage mul- 
tiple small calculi (Figure 26.7). Multi-sizing baskets 
omit the need for stocking multiple basket sizes, and 
some baskets have a central channel that allows for the 
simultaneous placement of electrohydraulic or laser 
lithotripsy probes once the stone is stabilized. 
Grasping forceps are quite helpful during endo- 
scopic stone extraction, particularly within the ureter, 
and, indeed, are the authors’ preferred instruments in 
most cases (Figure 26.8). The most significant advan- 
tage is that a grasper will disengage from a stone if it 
becomes lodged within a relatively narrow ureteral 
segment. This helps to prevent trauma of the ureteral 


(6) 


wall by eliminating entrapment during stone removal. 
The grasper should be opened only as wide as is 
needed to engage the stone, thus decreasing the risk 
of ureteral wall perforation (Figure 26.9). It is impor- 
tant to maintain contact with the stone while closing 
the graspers; therefore, slight advancement of the 
sheath is needed as the forceps are closed. 

Proper selection of a stone retrieval device is impor- 
tant for the successful and timely completion of any 
endoscopic procedure. Several factors impact this 
decision — particularly, the size, position within the 
collecting system, and condition (i.e. impacted vs 
non-impacted) of the stone. Ptashnyk et al studied ex- 
vivo porcine kidneys and ureters to determine which 
stone retrieval devices were most effective in certain 
situations." Their conclusions were that graspers are 
most efficient at the removal of a single ureteral stone 
(particularly impacted) with little mucosal damage, 


(c) 


Figure 26.7 (a-c) The various configurations of other 
nitinol baskets enhance the retrieval of small particles 
remaining after laser lithotripsy. Some of these baskets 
have a central channel that allows for the placement of 
lithotripsy devices after stone entrapment. Always pro- 
ceed cautiously when removing multiple stone frag- 
ments because the caliber of the ureteral lumen may 
be inadequate to allow for safe retrieval. (Courtesy of 
Cook Urological, Spencer, IN.) 
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Figure 26.8 Grasping forceps are strong enough to 
dislodge embedded papillary calculi and delicate 
enough to disengage a stone if it becomes lodged 
within a narrow ureteral segment. (Courtesy of Cook 
Urological, Spencer, IN.) 


Figure 26.9 To prevent ureteral wall perforation, it is 
important to open the grasper only as far as needed to 
encompass the lateral aspects of the stone. This will 
also help to prevent the inadvertent grasping of the 
ureteral wall, which would probably result in ureteral 
trauma. 


and that a helical basket was most effective for Stein- 
strasse. In another study, nitinol baskets have been 
shown to be most effective for caliceal stones and 
those in the lower pole.*° The flexible nitinol compo- 
nent and the atraumatic tipless basket design allow 
complete deflection and produce minimal surround- 
ing tissue trauma. 

A newer instrument is the Dretler stone cone 
(Microvasive, Boston Scientific, Natick, MA), which 
is an 0.038 inch nitinol Teflon-coated wire that can be 
coiled proximal to the calculus acting as a backstop to 
prevent proximal migration. It has been shown to be 
effective in extracting stone fragments and more suc- 
cessful than flat-wire baskets in preventing stone 


migration.*7 


Intracorporeal lithotripsy 


Historically there are four modes of intracorporeal 


lithotripsy: 


E ultrasonic lithotripsy 

E ballistic (i.e. pneumatic) lithotripsy 
E electrohydraulic lithotripsy (EHL) 
E laser lithotripsy. 


Each has been extensively studied, and all have unique 
capabilities and limitations. 

Ultrasonic lithotripsy was first described 1953.48 
The metal probe transmits vibrational energy to the 
tip, which, when in contact with the stone, results in 
disintegration due to cleavage of the crystal matrix. 
Small solid probes can be utilized through pediatric 
cystourethroscopes and large probes with a central 
suction channel are helpful for removal of stones 
during percutaneous procedures (Figure 26.10). 
These probes will lose energy transmission with any 
degree of bending, and, therefore are most effective 
when used in endoscopes with a straight working 
channel. Ultrasonic lithotripsy is safe and results in 
minimal tissue damage.*? It is best suited for the per- 
cutaneous treatment of large renal stones. 

Ballistic lithotripsy involves the pneumatic mechan- 
ical impaction of stones by a solid probe. There are no 
thermal or cavitation effects; therefore, risk of tissue 
injury is minimal. This modality has been effective in 
fragmenting all types of stones and smaller flexible 
probes are available.5°-54 Retrograde migration due 
to pneumatic impaction as well as loss of lithotripsy 
power, with significant deflection of the probe, are 
two significant shortcomings. 

EHL was discovered by Yutkin in 1955 and 


Figure 26.10 Ultrasonic lithotripsy probes can be used 
in straight-channel endoscopes and are most helpful 
during the percutaneous removal of staghorn calculi. 
(Courtesy of Circon ACMI, Southborough, MA.) 
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involves the generation of an electrical spark, which 
produces a cavitation bubble, providing sufficient 
energy to produce lithotripsy.54 The energy is maxi- 
mal at a distance of approximately 1 mm from the 
stone and therefore the tip of the probe should be 
kept just off the surface of the stone. Electrohydraulic 
lithotripsy may not fragment all stone compositions 
but is able to be used through both flexible and rigid 
endoscopes. One significant risk of EHL is lateral dis- 
bursement of the energy, which can increase injury to 
the surrounding soft tissues. Probes are as small as 
1.9 Fr, which will allow access to lower pole calculi. 
Holmium:yttrium—aluminum-garnet (Ho:YAG) 
laser lithotripsy is extremely effective at fragmenting 
all types of urinary calculi and has become the pre- 
ferred modality for stone fragmentation at our center 
(Figure 26.11). Holmium laser lithotripsy was first 
reported in 199256 and subsequent reports have 
shown it to be safe in adults and children.57-58 
Holmium lithotripsy involves direct stone absorption 
of laser energy, with subsequent disintegration.5? 
Solid quartz fibers as small as 200 um enable near 
complete deflection of a flexible ureteroscope, provid- 
ing access to nearly all parts of the collecting system. 
The laser fiber is placed near the stone in order to 
result in fragmentation. Larger fibers are helpful in 
the disintegration of larger stones contained within 
the kidney or bladder. It is essential that the surgeon 
maintain direct visualization of the tip of the probe to 
prevent subsequent endoscope or tissue damage 


Figure 26.11 Holmium laser lithotripsy is safe and the 
most effective at breaking apart calculi. The precise 
delivery of energy allows the surgeon to smooth rough 
edges from a spiculated calculus, and to specifically 
cleave larger stones into distinct fragments for subse- 
quent removal. 


during use. Holmium laser lithotripsy results in dust 
particles and fragments <2 mm, which should be able 
to pass spontaneously. 


Ureteroscopy technique 


Ureteroscopy in children requires general anesthesia. 
After being placed in the dorsal lithotomy position, 
the child is well padded to prevent excessive limb 
abduction or a compartment syndrome. The male 
urethral meatus is carefully inspected and gently 
dilated if necessary. Cystoscopy is performed to 
inspect the bladder and visualize the position of 
ureteral orifices. A urine sample is obtained at the 
time of the cystoscopy and sent for urine culture. 
The authors first gauge the caliber of the ureteral 
orifice by using an 0.035 inch guidewire (Figure 
26.12). The ureter has three physiologic areas of nar- 
rowing, with the narrowest portion being the orifice. 
These anatomic differences are age dependent, based 
on work by Cussen in 1971. For practical purposes, 
if the orifice appears ‘volcanic’ and barely accepts an 
0.035 inch guidewire, then either active dilatation or 
prestenting of the ureter is performed. It is sometimes 
helpful to gain access to the ureteral orifice using two 
guidewires, one inside the working channel and the 
other already independently placed in the ureter as a 
safety wire (Figure 26.13). This helps to control access 


Figure 26.12 An 0.035 inch Teflon-coated guidewire is 
used to gauge the ureteral orifice at the beginning of a 
ureteroscopy procedure. If a gap is created with tent- 
ing up the ureteral lip, then a semirigid ureteroscope 
can usually be guided into the ureter without active 
dilatation. A volcanic-appearing orifice should be 
prestented to allow for subsequent passive dilatation. 
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Figure 26.13 One helpful technique during difficult 
access is placing a second guidewire through the 
working channel of a semi-rigid ureteroscope after 
having placed a safety wire within the ureteral lumen. 
This will sometimes facilitate advancement of the 
ureteroscope by spreading the ureteral orifice. 


and to increase the diameter by placing the endoscope 
directly between the two wires. If dilatation is needed, 
the authors’ preference is to use a graduated single- 
shaft dilator, which ranges from 6 to 10 Fr (Figure 
26.14). Dilatation to 2 Fr sizes greater than the diam- 
eter of the endoscope is usually needed for successful 
access (Figure 26.15). Dilatation can be facilitated by 
performing this over a stiff guidewire or through a 
13 Fr cystoscope sheath in order to prevent buckling 
within the bladder. Reports of balloon dilatation to 
15 Fr have previously shown no significant complica- 


Figure 26.14 Controlled active dilatation can be per- 
formed using a soft graduated dilator (top) over a stiff 
guidewire. A dual-lumen catheter (bottom) is helpful 
when placing a second working wire and also for instil- 
lation of contrast material. 


Figure 26.15 Dilatation is required if the semi-rigid 
endoscope cannot be placed directly into the ureteral 
orifice. If access is unsuccessful because of an 
impacted stone (a), dilatation will be needed (b) after 
establishing proximal control. In (6), the stiff guidewire 
has been removed and will be replaced with a standard 
Teflon-coated safety wire. 


tions or reflux, but clearly produce more active dilata- 
tion than actually necessary. If these maneuvers do not 
allow easy dilatation or access of the ureter, the 
authors believe it is more prudent to place a ureteral 
stent to passively dilate the ureter rather than to per- 
form significant active balloon dilatation. Dilatation of 
the ureter may be required in approximately 30% of 
children undergoing ureteroscopy.°! 
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When therapeutic maneuvers are anticipated, it is 
important to maintain a safety guidewire within the 
ureter. As mentioned previously, a hydrophilic 
guidewire may aid in accessing a tortuous ureter or 
one with an impacted stone, but should not be used 
as a routine safety wire, because of the ease with 
which it may become dislodged. A flexible uretero- 
scope requires either the use of an access sheath or a 
second working guidewire for placement of the 
ureteroscope into the proximal collecting system 
(Figures 26.16 and 26.17). The smallest sheath that 
accepts flexible ureteroscopes is 9.5 Fr; therefore, in 
small children, prestenting of the ureter is often 
required in order to dilate the ureter to allow the safe 


Figure 26.16 Placement of a flexible ureteroscope into 
the proximal collecting system is most often accom- 
plished using a monorail technique, by guiding the 
scope over a wire. A second safety wire is necessary 
when therapeutic intervention is anticipated. 


Figure 26.17 Access sheaths are quite helpful when 
removing large stone burdens from either the proximal 
ureter or the intrarenal collecting system. Placement of 
this sheath is made easier by prestenting the ureter or 
when working in a dilated collecting system. When 
removing stone fragments, it is important to make cer- 
tain the ureteral mucosa does not get trapped between 
the stone and the proximal lip of the sheath. (Courtesy 
of Cook Urological, Spencer, IN.) 


use of an access sheath. Access sheaths should be used 
with caution and are most helpful when it will be nec- 
essary to traverse the ureteral orifice many times when 
treating large or multiple stones in the proximal col- 
lecting system. Fluoroscopic guidance is absolutely 
necessary during any ureteroscopic procedure. 

Previous urologic surgery involving either the blad- 
der neck, ureter, urethra, or ureteropelvic junction is 
not necessarily a contraindication to ureteroscopy. 
Also, the authors have performed intrarenal 
ureteroscopy in an 11-month-old male infant with sig- 
nificant congenital ureteral ‘valves’. A child who has 
undergone previous hypospadias surgery may require 
urethral dilatation prior to placement of the uretero- 
scope if there is meatal stenosis. It is important to use 
small-diameter endoscopes to avoid disruption of pre- 
vious bladder neck reconstruction. Often, children 
who have had bladder neck reconstruction have had 
ureteral reimplantation at the time of their primary 
surgery, and care must be taken not to significantly 
distort the bladder neck when accessing the previously 
reimplanted ureter. Access to the ureter after previous 
reimplantation is clearly dependent upon the type of 
surgery performed. When either an advancement or 
extravesical procedure has been utilized, access is sim- 
ilar to the unoperated child. When a previous cross- 
trigonal reimplantation has been performed, access 
can be more difficult. In this instance, the ureteral ori- 
fice is usually laterally located and can be cannulated 
with an angled guidewire. If this maneuver is unsuc- 
cessful, an actively deflecting guidewire can be utilized. 
Once access has been gained, the initial wire should be 
replaced with a stiff guidewire, which then straightens 
the intramural portion of the ureter, allowing access 
for ureteroscopy. Dilatation of the tunnel is usually 
not necessary, although it is sometimes necessary to 
dilate the ureteral orifice. When the procedure is fin- 
ished, the ureter will return to its preoperative cross- 
trigonal position. Recurrent reflux after ureteroscopy 
in the previously reimplanted ureter has not been 
demonstrated. 

Intrarenal access after previous ureteropelvic junc- 
tion (UPJ) repair is usually straightforward as long as 
there has been adequate healing and success of the 
previous surgery. The ureter remains supple at the site 
of previous repair and is at no greater risk of injury. 
Postoperative stenting is not always required after 
distal stone removal, or ureteroscopy in a prestented 
child, but should be performed after procedures 
requiring either extensive manipulation, significant 
active dilatation, or work within the proximal collect- 
ing system. If a stent is left in place, a ‘dangler’ string 
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is used to facilitate removal without anesthesia in the 
office approximately 1 week after the procedure. 

A semi-rigid ureteroscope should be used for distal 
and midureteral calculi (Figure 26.18). The instru- 
ment may be used for more proximal stones if it can 
be successfully passed above the pelvic brim. Flexible 
ureteroscopy is necessary most of the time for proxi- 
mal ureteral calculi and should always be used for 
stones contained within the intrarenal collecting 
system (Figure 26.19). Complete access to the 
intrarenal system is usually accomplished through 
active deflection alone; rarely, is secondary passive 
deflection necessary in the smaller pediatric kidney. 
Installation of contrast during ureteroscopy will pro- 
vide a guide during the complete inspection of the 
collecting system under fluoroscopy. 

Once the stone is encountered, it is important to 
gauge the size of the stone versus the diameter of the 
ureter. Many ureteral stones can be removed intact 
through basket or grasper manipulation, provided the 
caliber of the distal ureter is adequate to allow atrau- 
matic retrieval. For impacted stones, or those too 
large to remove intact, in-situ holmium laser 
lithotripsy is performed. For an impacted stone, 
attempts should be made to dislodge the stone into 


Figure 26.18 A semirigid ureteroscope is the instru- 
ment of choice for removal of distal and mid ureteral 
calculi. It can be utilized for proximal stones if the 
endoscope can be safely guided into the proximal col- 
lecting system. Care should be taken to ensure that the 
urethral meatus in young boys is not damaged by the 
increased diameter of the proximal shaft of any endo- 
scope. 


the proximally dilated portion of the ureter. This will 
allow more room for laser lithotripsy, and decrease 
the risk of complications. Once the stone is dislodged, 
the jagged surface is either precisely treated to smooth 
out rough edges or the entire stone can be cleaved 
into distinct fragments for subsequent removal. 
Stones that cannot be dislodged should be treated first 
on the periphery, which should help to disimpact the 
stone. It is desirable to retrieve at least one stone frag- 
ment for crystallographic analysis, and once this is 
achieved it is more efficient to deposit subsequent 
small fragments within the bladder to pass sponta- 
neously. If a stone fragment becomes displaced out- 
side the ureteral wall due to perforation, further 
attempts at extraction should be abandoned. 


Percutaneous endourology 


Thomas Hillier in 1865 is credited with the descrip- 
tion of the first therapeutic percutaneous renal 
drainage of what was described as ureteropelvic junc- 
tion obstruction.©? Unfortunately, after 4 years of 
periodic percutaneous drainage, the young boy suc- 
cumbed to septicemia at age 8. It wasn’t until 1941 
that Rupel described the removal of renal calculus 
debris through a nephrostomy tract using endoscopic 
equipment.® Percutaneous drainage of hydronephro- 
sis was subsequently reported by Goodwin in 1955, 


Figure 26.19 Flexible ureteroscopy is necessary for 
the removal of intrarenal calculi. Passive secondary 
deflection is rarely needed to gain access to the lower 
pole of the pediatric collecting system because of the 
arc of deflection. 
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but it wasn’t until 1985 that Woodside et al presented 
a series of seven pediatric patients who had under- 
gone a percutaneous procedure. 

In the early days of the procedure, percutaneous 
stone removal was limited to children 2 8 years old 
because of fears of significant blood loss and increased 
renal damage with large (>24 Fr) tract dilatation. 
The defect created by a 24 Fr tract in a child’s kidney 
corresponds to a 72 Fr defect in an adult kidney.® 
Increased tract size is directly correlated with 
increased complication rates, although no significant 
renal scarring or functional changes can be readily 
detected after large tract dilatation.°7-68 Subsequent 
reports have demonstrated that percutaneous proce- 
dures are technically feasible for children <8 years 
old, and that complications can be decreased by uti- 
lizing a tract <22 Fr. 

Because of concerns regarding hematologic compli- 
cations, the technique of a smaller-access percuta- 
neous procedure has been developed. Helal et al 
presented their experience using a 15 Fr peel-away 
sheath in a 2-year-old child for percutaneous stone 
removal.®? A smaller 11 Fr technique using a ‘mini- 
perc’ approach has also been reported, and a purpose- 
built access kit is available.©© Access to the collecting 
system is thought to be less traumatic because of the 
smaller caliber site. There have been no reports of 
bleeding complications in uncomplicated procedures 
after mini-perc intervention, and the need for postop- 
erative percutaneous nephrostomy drainage is often 
eliminated. Treatment of large (>3 cm) stones can be 
tedious; therefore, a larger peel-away sheath 
(15-22 Fr) is recommended to expedite stone frag- 
ment removal. 

Most pediatric percutaneous procedures are per- 
formed for management of renal calculi. It is impor- 
tant that these procedures be performed in an 
institution where there is an endourologist and inter- 
ventional radiologist experienced in the treatment of 
children. Needle access to the kidney is required for 
tract dilatation and therapeutic intervention, and 
there is some suggestion that obtaining early access (1 
day prior to surgery) may decrease bleeding as well as 
operative time. This is particularly helpful for a mini- 
perc procedure because the smaller field of view 
becomes easily obscured by minimal bleeding. Never- 
theless, it is possible to obtain access at the time of 
percutaneous intervention, which does in most cases 
result in safe completion of the procedure. 

The proper site for percutaneous access should 
both allow a direct route to the stone and permit easy 
access to other areas of the collecting system. The 


optimal position is usually a posterior calyx with a 
wide, straight infundibulum. Multiple sites may be 
necessary, and should be utilized when there is a com- 
plete staghorn calculus or any intrarenal anomalies 
making it difficult to access all stone-containing cal- 
ices through a single site. Bleeding requiring transfu- 
sion is not increased when multiple sites are utilized.” 
It is important to obtain the primary access site where 
it will be possible to maximally debulk the stone 
burden, and secondary sites where calices will be dif- 
ficult to reach through the primary tract. If the stones 
are contained within a caliceal diverticulum or a calyx 
with a narrowed infundibulum, it is necessary to have 
direct access into that part of the collecting system. 
Upper pole access sites should be used with caution 
because of the increased risk of pneumo/hydrothorax. 
Consequently a chest X-ray should be obtained at the 
conclusion of any percutaneous procedure involving 
upper pole access. 

Once needle access has been obtained, a wire is 
passed down the ureter into the bladder to allow a 
controlled tract dilatation and to avoid the accidental 
loss of access to the collecting system. Slippery 
hydrophilic guidewires should be exchanged for stan- 
dard PTFE-coated wires prior to dilatation. The use 
of a stiff guidewire will facilitate dilation. If ureteral 
access is not possible or if access is obtained into an 
obstructed system or caliceal diverticulum, multiple 
coils of the wire should be placed within the con- 
tained collecting system prior to tract dilatation. 

Once safe access has been confirmed, if mini-perc 
access is not to be used, the tract is dilated either using 
sequential graduated dilators (Amplatz) or active bal- 
loon dilatation (Figure 26.20). Both techniques have 
been proven safe and efficacious, but sequential dilata- 
tion of larger tracts may increase the risk of bleeding 
owing to the potential shearing effect of this tech- 
nique. Constant vigilance under fluoroscopy is neces- 
sary to avoid disruption of the renal pelvis. The small 
non-dilated pediatric kidney is at greatest risk for this 


Figure 26.20 Percutaneous balloon dilators come in a 
variety of sizes. They need to maintain high radial pres- 
sures in order to dilate the fascia. The access is placed 
into the collecting system over the balloon after partial 
deflation. (Courtesy of Cook Urological, Spencer, IN.) 
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complication, and extreme caution must be under- 
taken to help prevent such occurrences. If there is sig- 
nificant disruption of the renal pelvis or UPJ, it may 
be necessary to abandon the procedure and to place a 
temporary nephrostomy or nephroureteral stent. 

For balloon dilatation, the distal radiographic 
marker is placed into the renal pelvis, while the prox- 
imal portion of the balloon is located externally. The 
balloon is then inflated to its maximum pressure and 
then left fully inflated until there is no longer any evi- 
dence of fascial constriction (Figure 26.21). The bal- 
loon is kept inflated for several minutes to help aid in 
hemostasis. The access sheath can be placed into the 
pelvis over the balloon once it has been partially 
deflated. The balloon size should correlate with the 
size of the sheath to be used. 

If there is any significant bleeding encountered after 
dilation, it may be necessary to temporarily place 
either a large Foley catheter or a tamponade balloon. 
If these techniques do not result in satisfactory hemo- 
stasis, it will be necessary to leave the catheter in place 
and perform the therapeutic intervention at another 
time. Uncontrolled hemorrhage requiring transfusion 
should be evaluated with angiography for possible 


vascular embolization. 


After the working sheath has been placed, the 
planned procedure is undertaken. Both rigid as well as 
flexible instrumentation may be necessary and should 
be present in the operating room suite in case the 
need arises. If there is a large stone burden, the pro- 
cedure will be facilitated through placement of a 
22 Fr sheath. This allows access with an adult nephro- 
scope, enabling the use of larger instruments, and the 
capability of removing large intact stone fragments. If 
a mini-perc procedure is performed through an 11 Fr 
peel-away sheath, then either an offset pediatric cys- 
toscope with a straight working channel or a 9.5 Fr 
modified mini rigid ureteroscope will be necessary to 
access the kidney. The straight-channel offset lens 
endoscope will allow for the passage of ultrasonic and 
ballistic lithotripsy probes, whereas the in-line mini 
rigid cystoureteroscope will require the use of the 
holmium laser, electrohydraulic, or flexible ballistic 
lithotripsy devices for stone fragmentation. The 
authors like the in-line endoscope because it has two 
working channels, which facilitates simultaneous suc- 
tion irrigation (5.4 Fr) and lithotripsy (2.3 Fr). 
(Figure 26.22) It also permits 360° rotation of the 
endoscope for maximum positioning of lithotripsy 
probes. The endoscope used should be several French 


Figure 26.21 After proper positioning under fluoroscopy has been confirmed, contrast is used to expand the per- 
cutaneous balloon dilator under fluoroscopy. Initial fascial constriction (a) is noted, and the balloon is inflated to its 
maximum pressure until all constriction has been eliminated. (b) The size of the balloon should be slightly larger 
than the sheath to be utilized. 
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Figure 26.22 The mini-perc procedure requires the use 
of a small-caliber endoscope. A modified straight semi- 
rigid ureteroscope with two working channels is help- 
ful because it allows for 360° rotation and also permits 
simultaneous lithotripsy and irrigation. (Courtesy of 
Circon ACMI, Southborough, MA.) 


sizes less than the internal diameter of the sheath in 
order to allow continuous flow around the scope, 
which lessens the risk of significant extravasation. The 
use of warmed saline irrigant is encouraged, which 
will need to be changed to water or glycine if an elec- 
trosurgical procedure is planned. Note that this does 
not include EHL, which is effective in saline. The 
potential for dilutional hyponatremia in infants and 
children is significant, and therefore saline should be 
used whenever feasible. Levering of the nephroscope 
should be limited in order to avoid injury to the 
infundibulum, as well as the renal parenchyma, 
during the percutaneous procedure. 

Endourologic instrumentation is similar to that 
used for other procedures. The holmium laser is par- 
ticularly useful during small-caliber percutaneous 
access procedures in order to debulk large stone bur- 
dens. Extraction of stone fragments is facilitated by 


using a 4.5 Fr nitinol basket. Ultrasonic lithotripsy is 
quite safe and can be performed through the straight 
working channel of either a small-caliber offset cys- 
tourethroscope or an adult percutaneous nephro- 
scope. Attempts should be made to remove all stone 
fragments >2 mm in order to limit a potential nidus 
for stone regrowth or obstruction with passage of a 
large fragment. Complete visualization of the 
intrarenal collecting system, as well as the ureter, 
should be undertaken. This usually requires the use of 
a flexible endoscope and should be undertaken prior 
to completion of the planned procedure. Complete 
inspection is sometimes hampered by limitations of 
the size of the pediatric kidney and the size of the per- 
cutaneous access sheath. Significant clots may obscure 
stone fragments; therefore, every attempt should be 
made to irrigate them free to allow complete visual- 
ization. Most of the time it is necessary to leave a per- 
cutaneous nephrostomy tube in place at the 
completion of the procedure, but it is possible to limit 
its use. Access to the kidney should be maintained 
until postoperative X-rays confirm that no second- 
look procedure will be needed. 


Treatment strategies 


Many factors need to be considered when deciding 
the proper treatment modalities for urinary tract cal- 
culi in children. Not only are the characteristics of the 
stone (size, shape, location, density, number, etc.) 
considered but also the characteristics of the child. 
Body habitus, as well as associated congenital and 
acquired conditions, need to be taken into considera- 
tion. Surgeon expertise and available technology may 
also guide treatment strategy. Each case needs to be 
individualized in order to choose the best form of 
treatment: shockwave lithotripsy vs retrograde 
ureteroscopy vs an antegrade percutaneous approach. 


Renal calculi 


ESWL is the least-invasive form of therapy, and offers 
reasonable stone-free rates of >80% with minimal 
complications.”1-7” Stones that are <l cm are most 
efficaciously treated by this modality and often 
require a single treatment (Figure 26.23). Higher 
retreatment rates and the need for ancillary proce- 
dures are seen with large stone burdens and in chil- 
dren with rena or collecting system 
abnormalities.”78 Therefore, ESWL is not the best 
therapy when there is evidence of UPJ obstruction, 
caliceal diverticulum, or infundibular stenosis (Figure 
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Figure 26.23 Stones that are < 1.5cm and do not 
appear extremely dense on X-ray, are best suited for 
ESWL. 


26.24). ESWL is also less effective for ectopic and 
horseshoe kidneys because of difficulties with precise 
energy delivery (increased surrounding bony and soft 
tissue structures) and the presence of an abnormally 
rotated collecting system which may prevent post- 
treatment stone clearance. In addition, alternative 
therapies to ESWL should be considered for 
extremely dense stones (brushite, cystine)”? and those 
calculi within an abnormal lower pole (i.e. long, nar- 
rowed infundibulum). In these instances the energy 
may not be sufficient for adequate lithotripsy, and the 
abnormal intrarenal anatomy may promote fragment 
retention. Currently, it appears that ESWL is best 
suited for solitary renal stones <1.5 cm that are not 
contained within an abnormal lower pole calyx and 
are not associated with any congenital or acquired 
renal abnormalities. Nevertheless, ESWL monother- 
apy for the treatment of staghorn calculi has been 
shown to be effective, with stone-free rates of approx- 
imately 88% after multiple treatment sessions. 


Figure 26.24 Renal stones associated with congenital 
urinary tract anomalies should be treated by either 
ureteroscopy or percutaneous access. Mid or upper 
pole caliceal diverticula with small stone burdens can 
be effectively treated using flexible ureteroscopy. 


The role of ureteroscopy for the treatment of renal 
calculi in children remains to be defined. Several 
reports have demonstrated ureteroscopy to be an 
effective treatment for stones throughout the entire 
intrarenal collecting system. It has been successful for 
the treatment of stone-containing caliceal diverticula 
of the mid and upper pole.®° Primary ureteropy- 
eloscopy with stone removal should also be per- 
formed when ureteroscopy is being used to treat 
other ureteral stones. This enables easy access to the 
kidney for treatment and provides the greatest chance 
of success with one procedure. Residual fragments 
after ESWL, or failure of ESWL as the primary pro- 
cedure, are two other reasons to perform ureteropy- 
eloscopy for stone removal. As mentioned previously, 
placement of a ureteral access sheath in a prestented 
ureter may facilitate removal of large stones. Con- 
comitant UPJ or intrarenal obstruction can also be 
treated endoscopically at the time of stone removal. 

For intrarenal stones >1 cm, multiple large calculi, 
staghorn calculi, or children with urinary tract mal- 
formations or a previous reconstruction, a percuta- 
neous approach may be preferable. Stone-free rates 
after a single percutaneous session range anywhere 
from 70 to 100%.978!-85 For large stones and 
staghorn calculi, combined ‘sandwich’ therapy (percu- 
taneous stone removal followed by ESWL), provides 
stone-free rates >90% (Figure 26.25). A percuta- 
neous procedure does carry the risk of bleeding 
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Figure 26.25 (a) A KUB in this 11-month-old girl who had been having recurring urinary tract infections reveals a 
mildly radiopaque left staghorn calculus (arrows). (b) A preoperative intravenous pyelogram was helpful in guiding 


surgical planning. 


requiring transfusion, but several series have shown 
that utilization of a tract <22 Fr significantly limits 
this risk. Multiple percutaneous sites may be necessary 
for complete access to the stone, and have been 
shown not to increase the risk of transfusion. Long- 
term follow-up supports percutaneous procedures as 
being safe, with no significant damage to the pediatric 
kidney. 

Laparoscopy in children has become more wide- 
spread and has recently been reported in the manage- 
ment of renal calculi.8® Patient selection criteria 
included stones >2.5 cm, with failure of percuta- 
neous renal access. Not only does laparoscopy pro- 
vide a high stone-free rate but also it enables the 
repair of concomitant UPJ obstruction. Laparoscopy 
may also prove helpful in the management of large 
peripheral caliceal diverticula containing stones, by 
allowing surgical unroofing with ablation of the 
diverticular neck and lining. Further experience 
should better define the role of laparoscopy in the 
treatment of pediatric stone disease. 


Ureteral calculi 


Experience with ESWL for stones contained within 
the ureter has been shown to be effective 54-100% of 
the time. Retreatment for stones within the ureter is 
necessary in up to 23% of cases. Patient positioning 
may need to be modified for distal ureteral stones by 


placing the child in the prone position. Stones over 
the bony pelvis are difficult to treat using ESWL 
because of inadequate visualization and lack of ade- 
quate energy delivery. 

A review of the literature shows that the stone-free 
rate after pediatric ureteroscopic lithotripsy is 
between 77 and 100%.5%:°187-°8 Advances in both 
endoscopic instrumentation as well as holmium laser 
lithotripsy have been the major reasons for increased 
success. In one study, use of holmium laser lithotripsy 
improved the stone-free rate, compared with pulsed- 
dye laser and EHL, and was associated with a lower 
complication rate.°? In addition, a recent analysis of 
65 ureteroscopic lithotripsies in a cohort with a mean 
age of 7.5 years showed that orifice dilatation is 
required in only one-third of cases and only one 
patient developed a ureteral stricture. 100 

One appealing aspect of the ureteroscopic removal 
of stones is that it offers an immediate stone-free con- 
dition at the completion of the procedure. The Amer- 
ican Urological Association has issued guidelines to 
standardize the management of adult patients with 
stones, and Van Savage et al have published their 
recommendations for the modification of these guide- 
lines when applying it to the pediatric patient. The 
ureteroscopic removal of stones contained within the 
ureter is clearly safe and effective and should be con- 
sidered the first-line treatment for most children. 

The percutaneous removal of ureteral stones is 
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rarely indicated. It should be considered the primary 
form of therapy for children who have impacted 
stones with significant hydroureteronephrosis and 
urinary tract infection or urosepsis. The antegrade 
approach allows for prompt decompression of the 
obstructed collecting system with antegrade uretero- 
scopic access for subsequent removal. The technique 
for antegrade ureteroscopy is exactly the same as for 
the retrograde approach, and has been discussed pre- 
viously. Flexible rather than mini rigid endoscopy 
should be utilized for antegrade ureteroscopy to limit 
potential complications. 


Bladder 


The term lithotomy was coined in 276 BC by the 
Greek surgeon Ammonious of Alexandria. It wasn’t 
until the first century AD that the Roman Celsus pro- 
vided a detailed description of the lithotomy proce- 
dure in a young child.!°! Virtually every ancient 
society has described the surgical removal of bladder 
calculi. Open cystolithotomy remains part of the prac- 
tice of pediatric urology to this day (Figure 26.26). In 
most children, however, the endoscopic removal of 
such calculi is warranted. Bladder calculi in children 
are a well-known complication of bladder augmenta- 
tion when using the large or small intestine.1°!10 
They are related to both urinary stasis and mucus pro- 
duction, and occur rarely after gastrocystoplasty. The 
removal of all stone fragments in these cases is essen- 
tial to prevent any nidus for stone regrowth, although 
no difference in stone recurrence is seen after removal 
of intact calculi or fragmentation techniques. 

The cystoscopic removal of bladder calculi is some- 


Figure 26.26 Large bladder calculi such as these 
require open surgical removal. 


what limited by the caliber of the urethra in young 
children. All forms of intracorporeal lithotripsy have 
been proven effective for the management of bladder 
calculi.1?3-104 The most potentially damaging devices 
to the wall of the augmented bladder include EHL 
and the holmium laser lithotriptor: it is important 
that neither of these energy sources come in near or 
direct contact with the bladder wall. EHL may result 
in perforation of the augmented bladder if the proce- 
dure is performed in a distended bladder or if a stone 
is wedged against the augmented portion. Other 
potential complications include gross hematuria from 
bladder wall irritation, which may necessitate 
catheterization postoperatively. 

Percutaneous removal of bladder calculi has also 
been demonstrated to be an effective technique. 105-108 
This is obviously a more invasive procedure in that it 
involves a percutaneous suprapubic puncture for 
direct visualization of the calculi as well as vacuum 
suction removal. If the urethra is not patent, a second 
suprapubic puncture is necessary for both visualiza- 
tion and removal of the calculi. This technique 
appears well suited for stones up to 1 cm in size, or 
multiple stones <1 cm (Figure 26.27). 

The bladder is filled until it is palpable. A small- 
gauge needle is used to confirm both position and 
depth in order to percutaneously approach the 
bladder. A 14-gauge needle is then introduced, which 


Figure 26.27 Small stones in a previously augmented 
bladder are well suited for either percutaneous or 
endoscopic removal. Endoscopic removal should not 
be performed in children who have had previous 
bladder neck procedures or in the small male urethra. 
It is imperative that all stone fragments be irrigated 
free from the bladder in order to help prevent stone 
recurrence. 
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allows placement of an 0.038 inch guidewire into the 
bladder. The tract is then dilated over the wire to a 
size equal to that of the largest stone in millimeters 
multiplied by 3 (i.e. an 8 mm stone requires at least a 
24 Fr sheath). If intracorporeal lithotripsy is required, 
either EHL, ultrasonic ballistic, or laser has been 
proven suitable. The stones and any fragments are 
then removed using suction tubing attached to a 
vacuum device. Postoperative bladder drainage is nec- 


essary for 5-7 days. 
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Increased renal cortical echogenicity 
and diffuse medical renal diseases 


Renal cortical echogenicity in children and adults is 
normally less than that of the liver and spleen. How- 
ever, in neonates the renal cortex is usually isoechoic, 
or even slightly more echogenic than the other solid 
organs. Physiologically, increased renal cortical 
echogenicity in neonates is attributed to a higher cor- 
tical glomerulotubular ratio early in life and usually 
resolves by 6 months.*-8 Abnormally increased renal 
parenchymal echogenicity is the sonographic hall- 
mark of a large and clinically diverse group of 
glomerular, tubular, and interstitial disorders of the 
kidneys that are commonly referred to broadly in 
pediatric imaging as ‘medical renal diseases.””-!> There 
is an imprecise relationship between the extent and 
intensity of the hyperechogenicity and the clinical 
severity of the renal disease as assessed by functional 
studies, although the correlation is not usually strong 
enough to reliably predict outcome. Diffuse renal cor- 
tical hyperechogenicity by itself is a non-specific find- 
ing requiring correlation with clinical and 
biochemical findings. The causes of the abnormally 
echogenic appearance of the cortex in renal parenchy- 
mal diseases are not well understood and may not be 
the same in different disorders. Any process that dis- 
rupts the normally well-organized, compact 
parenchymal architecture is likely to increase the 
number and reflectivity of the acoustic interfaces in 
tissue. Alterations in renal perfusion, cellular infiltra- 
tion, and interstitial edema are all probably important 
in acute disorders. Fibrosis and histologic disorgani- 
zation due to nephron disruption probably contribute 
to the appearance in chronic medical renal disorders. 

The extent to which corticomedullary differentia- 
tion is affected in diffuse renal parenchymal disease 
varies widely.511-1316 Įņ diseases that reduce 


glomerular perfusion or disrupt glomerular architec- 
ture, the pyramids often remain relatively hypoechoic 
and can even appear somewhat enlarged (Figure 
27.1). On the other hand, in tubulointerstitial dis- 
eases and diseases that affect the parenchymal echo 


= 


Figure 27.1 A 7-year-old boy with toxic shock syn- 
drome presenting with scalded skin syndrome and 
acute oliguric renal failure. Ultrasound shows both kid- 
neys are markedly enlarged with diffusely echogenic 
cortex. However, the pyramids remain hypoechoic and 
are easily identified. (a) Ultrasound: longitudinal view 
of the right kidney (length 9.3 cm). (b) Ultrasound: 
longitudinal view of the left kidney (length 9.3 cm). 
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texture more diffusely, both the cortex and the 
medulla are abnormal and corticomedullary differen- 
tiation is more likely to be reduced or absent. 
Measurements of the sizes of the kidneys can also 
be very helpful.511-17 Large, echogenic kidneys usu- 
ally suggest an acute disorder in which there is edema 
or cellular infiltration of the renal interstitium. Con- 
versely, small, echogenic kidneys indicate a chronic 
medical renal condition that is associated with renal 
atrophy (Figure 27.2). Serial evaluations of the renal 
sizes and parenchymal echogenicity generally corre- 
late with the clinical course and renal functional 
assessment, but can also occasionally provide addi- 
tional prognostic information. In acute medical renal 
disorders that are associated with generalized enlarge- 
ment of the kidney, clinical recovery may be associ- 
ated with return of the renal sizes toward normal, as 
well as improvement in the echo appearance of the 


Figure 27.2 A 16-year-old boy with chronic medical 
renal disease and renal insufficiency on hemodialysis. 
Ultrasound of the kidneys shows that both kidneys are 
small with diffusely echogenic parenchyma and no vis- 
ible corticomedullary differentiation. (a) Ultrasound: 
longitudinal view of the right kidney (length 6.7 cm). (b) 
Ultrasound: longitudinal view of the left kidney (length 
6.8 cm). 


renal cortex. On the other hand, persistence or inten- 
sification of the hyperechogenic appearance of the 
renal cortex is usually accompanied by further clinical 
and functional deterioration and can indicate a transi- 
tion to a more chronic phase of the disorder, particu- 
larly when the renal sizes are decreasing. 

The appearance of the Doppler waveforms in renal 
parenchymal diseases generally corresponds to the site 
of the involvement rather than the specific histopatho- 
logic features of the disease.511-15:18 Elevation in the 
resistive index indicates an increase in the post- 
glomerular resistance. Hence, diseases that increase 
resistive index include those that cause obstruction at 
the level of renal veins, tubulointerstitial diseases, 
obstruction in the collecting system or ureter, and 
renal compression by disease in the perinephric space. 
Disorders that primarily cause a reduction in arterial 
inflow to the kidney and acute glomerular diseases are 
not typically associated with increased resistive index 
in the absence of secondary tubulointerstitial injury 
related to tissue infarction and edema. 


Renal infections 


Acute pyelonephritis 


For several decades, ultrasound (US) has been the 
most widely used modality for imaging infants and 
children who have a urinary tract infection.4!?-?? 
Inflammatory edema from pyelonephritis causes focal 
or generalized renal enlargement and bulging renal 
contours. Dramatic polar enlargement can occasion- 
ally mimic an echogenic mass. The walls of the col- 
lecting system may also be thickened. Infected 
parenchyma usually appears hyperechoic, with 
reduced corticomedullary differentiation (Figure 
27.3a). However, severely hypovascular, partially 
necrotic areas can appear hypoechoic and can be diffi- 
cult to distinguish from abscess. At power Doppler 
US, areas of acute pyelonephritis appear as wedge- 
shaped, hypovascular or avascular zones in the cortex, 
with the interlobar arteries following abnormally 
curvilinear courses around the edematous, infected 
segments.?728-30 

Unfortunately, both the sensitivity and specificity 
of the US findings are limited in acute pyelonephritis. 
Subtle changes in parenchymal echogenicity or the 
size and contours of the kidney are often difficult to 
differentiate prospectively from normal, even when 
they are easily seen in retrospect.?275:31,32 Transient 
pelvocaliectasis that results from endotoxin, urinary 
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Figure 27.3 A 7-year-old girl with fever and left flank pain due to acute left pyelonephritis. (a) Ultrasound: longitu- 
dinal view of the left kidney (length 10.3 cm) shows that the upper half of the left kidney is enlarged and echogenic 
and appears somewhat bulbous compared with the lower pole. (b) 99™Tc DMSA renal cortical scintigraphy (poste- 


rior view) confirms the presence of a large perfusion defect in the upper half of the left kidney (arrows). 


retention, or vesicoureteral reflux (VUR) cannot be 
readily differentiated from obstructive hydronephro- 
sis. Desquamated cellular and crystalline material in 
chronically obstructed, uninfected systems similarly 
cannot be reliably distinguished sonographically from 
purulent urine. Although power Doppler US is an 
excellent adjunct to the conventional gray-scale exam- 
ination, it is less sensitive than renal cortical scintigra- 
phy, computed tomography (CT), or magnetic 
resonance imaging (MRI). 

At ?°™Tc DMSA (technetium 99m dimercaptosuc- 
cinic acid) renal cortical scintigraphy, acute 
pyelonephritis appears as wedge-shaped or triangular 
areas of diminished cortical uptake?*?733-86 (Figure 
27.3b). Most defects occur in the renal poles and the 
adjacent renal contour often bulges outwardly. 
Rarely, diffuse pyelonephritis produces a globally 
enlarged, poorly functioning kidney. Acute defects 
resolve within 4-6 months after treatment, in the 
absence of scar formation. Dynamic planar diuretic 
°m™Tc MAG3 (technetium 99m _ mercaptoacetyl- 
triglycine) renal scintigraphy has also been used to 
diagnose acute pyelonephritis.*”38 Functional defects 
caused by pyelonephritis show decreased early uptake 
and fill in slowly on static images, with prolonged late 
retention of activity. Fixed functional defects that per- 
sist on all phases can represent either acute 
pyelonephritis or scar. 

At contrast-enhanced CT, acute pyelonephritis 
appears as segmental areas of decreased or striated 
parenchymal enhancement, with edematous, convex, 
rounded margins, most commonly in the renal 
poles?®.29.30,36,39,40 (Figure 27.4). The abnormal 


Figure 27.4 An 18-month-old girl with bilateral acute 
multifocal pyelonephritis, presenting with high fever 
and febrile seizure. Contrast-enhanced CT shows mul- 
tiple wedge-shaped, low-attenuation, non-enhancing 
lesions in both kidneys. 


appearance can persist for several months before 
resolving or progressing to scar formation. Acute 
pyelonephritis is more difficult to detect on non- 


424 Clinical pediatric urology 


Figure 27.5 A 3-year-old girl with acute hemorrhagic pyelonephritis presenting with fever, gross hematuria, and £. 
coli bacteremia. Intravenous contrast material was not given for CT because of acute renal insufficiency requiring 
peritoneal dialysis. Non-enhanced CT shows that her left kidney is enlarged, with multiple slightly higher attenua- 
tion areas scattered throughout the parenchyma. Several similar, more subtle lesions are also present in the right 


kidney. 


enhanced CT because the infected areas are isodense 
or only slightly hypodense in comparison with 
normal parenchyma. Increased attenuation within an 
area of acute pyelonephritis on non-enhanced CT may 
suggest parenchymal hemorrhage (Figure 27.5). 

On postcontrast, fast spin-echo T2 and inversion 
recovery MRI sequences, gadolinium-related T1 and 
T2 shortening normally enhancing 
parenchyma to have markedly reduced signal inten- 
sity, whereas non-enhancing areas of acute 
pyelonephritis remain very bright.?935.364043 Marked 
hyperintensity is also seen in both pyelonephritis and 
on diffusion-weighted MRI.4*+°¢ 
Restricted diffusion in pyelonephritis is primarily due 
to cytotoxic edema, although intratubular inspissation 
of inflammatory cells is also probably important. 

Published studies comparing these modali- 
ties30:33,35,36 show no significant differences between 
DMSA, CT, and MRI, either in the diagnosis of 
pyelonephritis (sensitivity >90%) or in the localiza- 
tion of lesions. However, power Doppler US is less 
sensitive. Interobserver agreement is better for both 
CT and MRI than for DMSA. The ability to reliably 


causes 


renal abscess 


differentiate scars from acute infection in the 
absence of a previous study is another important 
benefit of both CT and MRI. MRI also offers the 
advantages of multiplanar imaging and lack of ioniz- 
ing radiation. 


Fungal pyelonephritis 


Fungal pyelonephritis is usually associated with 
fungal sepsis and occurs principally in neonates with 
indwelling central venous catheters and in children 
who are immunocompromised.474°48 Hyperalimen- 
tation is another important risk factor. Candida albi- 
cans is the most common organism. In neonates with 
diffuse renal infection with Candida, US shows renal 
enlargement and = diffuse parenchymal hyper- 
echogenicity. Fungus balls (bezoars) appear as non- 
shadowing hyperechoic masses within the collecting 
system and can cause obstruction. Focal areas of 
fungal pyelonephritis appear hypoechoic and have 
low attenuation at CT#?-4649.59 (Figure 27.6). Fungal 
abscesses have imaging features similar to those of 
bacterial abscesses. 
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Figure 27.6 A 2-week-old boy with Candida albicans sepsis and bilateral fungal pyelonephritis. Contrast-enhanced 
CT shows both kidneys are enlarged and contain multiple scattered, peripheral, low-attenuation, non-enhancing 


parenchymal lesions. 


Complications of acute pyelonephritis 


At US, a renal abscess appears as a round, hypoechoic 
or anechoic, fluid-filled intraparenchymal mass with a 
thick, irregular wall.?!.25 Abscesses can be unilocular 
or multilocular and usually contain layering, echogenic 
debris. The appearance of adjacent parenchyma is usu- 
ally consistent with acute pyelonephritis. Large peri- 
nephric abscesses are readily visualized with US. 
However, contrast-enhanced CT provides superior 
definition of both the intra- and extrarenal extent of 
the infection??4?,4651,52 (Figure 27.7). On a postcon- 
trast CT, a renal abscess appears as a hypodense, cystic 
mass with an irregularly thickened, enhancing wall. 
Non-enhanced CT is generally less satisfactory. MRI is 
an excellent alternative to CT in patients in whom iod- 
inated contrast media is contraindicated. 
Pyonephrosis represents acute bacterial infection in a 
kidney with a dilated, obstructed collecting system. The 
sonographic appearance of a dilated collecting system 
filled with urine and floating or layering echogenic 
debris is suggestive of pyonephrosis.7°4746.51,52,53 Areas 
of pyelonephritis are often also evident and the kidney 


may be enlarged. Air bubbles in the collecting system 
appear as irregular, brightly echogenic, shadowing foci 
and usually float on top of the urine, a feature that dis- 
tinguishes them from calculi, which tend to sink to 
more dependent locations. Hydronephrosis, with thick- 
ening and enhancement of the collecting system walls, is 
readily demonstrated at CT, as are associated areas of 
pyelonephritis. Calculi and air in the collecting system 
are also visible at CT. Although US provides superior 
definition of particulate debris in the collecting system, 
care should be taken not to mistake transient 
hydronephrosis that results from endotoxin-induced 
atony, urinary retention, or reflux for pyonephrosis. 
Debris may be present in children with uncomplicated 
pyelonephritis who have a non-obstructed system. Sim- 
ilarly, air that is introduced into the bladder during 
catheterization can also reach the collecting system in 
children with reflux. Mild dilatation is usually of little 
concern, particularly if the patient is otherwise healthy 
and responds rapidly to antibiotics. When the dilatation 
is more severe and a large amount of echogenic debris 
or air is present (‘pseudo-pyonephrosis’), differentiation 
from pyonephrosis can be difficult. 
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Figure 27.7 A 9-month-old boy with right acute pyelonephritis and intrarenal abscess. Contrast-enhanced CT shows 
a complex large-area abnormal enhancement with necrosis in the upper pole of the right kidney. 


Xanthogranulomatous pyelonephritis is a rare form 
of chronic bacterial renal infection, usually caused by 
either Escherichia coli or Proteus spp., in which granu- 
lomatous infiltration of the kidney by lipid-laden 
macrophages leads to extensive parenchymal destruc- 
tion.?>42,54-57 Nephrolithiasis and chronic upper uri- 
nary tract obstruction are frequently present. The US 
appearance in diffuse xanthogranulomatous 
pyelonephritis is of a markedly enlarged, echogenic 
kidney in which the normal renal architecture is oblit- 
erated. Multiple hypoechoic, mass-like areas of 
parenchymal necrosis are visible throughout the 
kidney. Calculi are common, although the collecting 
system is usually not dilated. At postcontrast CT, the 
affected kidney is non-functioning and the 
parenchyma appears low in attenuation due to necro- 
sis and infiltration by the lipid-laden macrophages 
(‘foamy histiocytes’). One or more calculi are usually 
present. Perinephric and paranephric extension is 
better demonstrated at CT than US. Focal xan- 
thogranulomatous pyelonephritis is quite rare and 
presents as a large, inflammatory, renal mass. The 
mass is hypoechoic at US and hypodense and non- 
enhancing at CT. Visualization of a calculus within 
the mass or in an adjacent calyx can be an important 
clue to the diagnosis. 
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Chronic atrophic pyelonephritis (reflux 
nephropathy) 


Cortical scars and parenchymal atrophy in chronic 
pyelonephritis result from recurrent episodes of acute 
pyelonephritis.?327:29,3458 (Cortical scars are most 
common in the renal poles and typically become visible 
4-6 months following infection. At excretory urogra- 
phy, cortical scarring appears as a deformed (‘clubbed’) 
calyx beneath an area of parenchymal thinning. The 
indentation in the surface of the kidney immediately 
overlying the affected calyx becomes more conspicuous 
over time as a result of fibrous retraction within the scar 
itself and continued growth of adjacent normal 
parenchyma. Although excretory urography was used 
extensively in the past, it has been entirely replaced by 
US for evaluating children with pyelonephritis. 
4,19,20,21,23.27 The US findings of chronic pyelonephritis 
include a small poorly growing kidney with focal or dif- 
fuse cortical atrophy. Dilated, blunted calices are often 
present. Whereas larger cortical scars are usually easily 
identified, smaller scars are often not seen at US. Care- 
ful serial evaluation of renal measurements is critical, 
since poor renal growth and generalized parenchymal 
thinning may be present, even when focal scarring is 
not visible. In advanced cases, the kidney will appear 


Renal parenchymal imaging 427 


small and irregular with diffusely echogenic 
parenchyma, indistinguishable from other forms of 
end-stage chronic medical renal disease. 

Persistent fetal lobation (lobulation) and junctional 
parenchymal defect are two common, normal devel- 
opmental variations in renal shape that should not be 
mistaken for cortical scarring at US.56:2-5? Fetal loba- 
tion produces a smoothly undulating renal outline 
with evenly distributed superficial clefts between the 
fetal renal lobes. The indentations lie between the 
pyramids rather than over them, as in cortical scar- 
ring, and the adjacent calices are not dilated. Junc- 
tional parenchymal defect is a triangular, echogenic, 
cortical indentation along the anterolateral aspect of 
the junction of the mid and upper thirds of the 
kidney.*-°?9.6 The defect extends inferomedially into 
the renal sinus and represents the anterior site of 
fusion of the superior and inferior renunculi. 

The appearance of chronic pyelonephritis at °°™Tc 
DMSA depends on the number, size, stage of matu- 
ration, and location of the scars.27:29.34,61 Mature scars 
appear as sharply defined, wedge-shaped cortical 
defects. Renal volume is reduced and the renal con- 
tour is flattened due to fibrous retraction and loss of 
parenchymal substance. Cortical scars tend to appear 
more sharply defined than defects caused by acute 
pyelonephritis. However, the most reliable way to 
distinguish between acute and chronic cortical defects 
is to compare sequential examinations. Careful corre- 
lation with the clinical setting and with other imaging 
modalities, such as US, is also essential to assure that 
the defects are the result of pyelonephritis or scarring 
rather than of other lesions such as cysts, caliceal 
diverticula, or masses. 

At MRI, chronic pyelonephritic scars appear as 
irregular cortical indentations that do not change in 
signal intensity between pre- and postcontrast inver- 
sion recovery sequences.446,62,63 As scars mature, 
fibrous retraction leads to progressive loss of 
parenchymal volume. Although CT can also provide 
excellent anatomic and functional information in chil- 
dren with chronic pyelonephritis, this modality is 


rarely used for this application. 


Renal vascular diseases 


Renal vein thrombosis 


Renal vein thrombosis presents with gross hematuria, 
hypertension, and an enlarged, palpable 
kidney.*-1!42,6465 Premature infants, infants of dia- 


betic mothers, and neonates and infants with severe 
dehydration, hypotension, sepsis, or asphyxia are at 
greatest risk. Renal vein thrombosis also occurs in 
children with coagulopathies. Renal vein thrombosis 
is usually unilateral and the affected kidney functions 
poorly. Bilateral thrombosis causes severe renal insuf- 
ficiency. In neonates and infants, thrombus formation 
begins in smaller intrarenal veins and the main renal 
vein and inferior vena cava are often patent. In 
neonates with adrenal hemorrhage, extension of 
thrombus into the kidney from the adrenal vein can 
lead to ipsilateral renal vein thrombosis. This is more 
common on the left, since the left adrenal vein drains 
directly into the left renal vein. 

Renal vein thrombosis is usually diagnosed at 
US.5:611,66-68 Tn the acute phase, the kidney is globally 
enlarged, and the parenchyma is diffusely echogenic 
with poor corticomedullary differentiation. Larger 
thrombi within interlobar and intralobular renal veins 
appear as linear, echogenic bands radiating peripher- 
ally between the renal lobes. Adjacent perivascular 
hemorrhage probably also contributes to this appear- 
ance. Thrombus can also be visible in the main renal 
vein and inferior vena cava. Even when the main renal 
vein is patent, the amplitude of flow is reduced at 
Doppler US. More importantly, renal artery Doppler 
US shows reduced or even retrograde flow during 
diastole, with markedly increased resistive index.!8 
MAG3 renal scintigraphy shows a globally enlarged 
kidney, with markedly reduced or absent uptake and 
no excretion. With recovery, the affected kidney 
decreases in size as the edema recedes and there is vari- 
able restoration of function. Serial US examinations 
are required to document stabilization of the renal size 
and resumption of a normal rate of growth. Persistent 
cortical hyperechogenicity and diminished corti- 
comedullary differentiation indicate parenchymal atro- 
phy and are associated with poor functional recovery. 
With severe parenchymal infarction and parenchymal 
necrosis, severe atrophy and cyst formation can result 
in a small, echogenic, poorly functioning 
kidney.>-611,42,66.67 Tn the chronic phase, punctate, 
linear, or branching calcifications can appear within 
the thrombosed intrarenal veins.®”° The presence of 
linear and punctate renal calcifications in a neonate 
with a small echogenic kidney is strongly suggestive of 
prenatal renal vein thrombosis.” 

CT and MRI are rarely performed in children with 
renal vein thrombosis, since the diagnosis is readily 
established at US and MAG3 renal scintigraphy.47468 
During the acute phase, the affected kidney is enlarged 
and edematous. Perfusion is diminished with 
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inhomogeneous parenchymal attenuation and 
markedly reduced or no enhancement. Parenchymal 
infarction and hemorrhage are common. Associated 
adrenal hemorrhage and thrombosis of the inferior 
vena cava are also readily visualized. In the chronic 
phase, parenchymal atrophy ensues, with calcification 
of the residual thrombus in the renal veins and infe- 


rior vena cava. 


Renal artery thrombosis 


Non-traumatic renal artery thrombosis occurs pri- 
marily following umbilical or femoral artery catheter- 
ization, in infants of diabetic mothers, and in infants 
and children with sepsis, severe dehydration or hemo- 
concentration, coagulopathy, or vasculitis. The extent 
of parenchymal injury depends on the size of the 
occluded vessel. Complete occlusion of the main renal 
artery results in global renal infarction.!!773 During 
the acute phase, the kidney may initially remain 
normal in size or even be slightly small and the cortex 
becomes hyperechoic, although the pyramids remain 
hypoechoic. Doppler imaging reveals reduced or 
absent flow in the main and segmental renal arteries 
with normal or low resistive index. Visualization of 
the echogenic intraluminal-filling defect representing 
the thrombus within the main renal artery is diagnos- 
tic. As parenchymal infarction and hemorrhage 
develop, the kidney swells and becomes increasingly 
echogenic and inhomogeneous, ultimately leading to 
complete disruption of the normal corticomedullary 
architecture. Functional evaluations such as renal 
scintigraphy show no uptake or excretion by the 
affected kidney. As in renal vein thrombosis, CT and 
MRI are rarely performed in neonates and infants 
with renal artery thrombosis. The anatomic and func- 
tional outcomes depend on the extent of parenchymal 
infarction and the timing and degree of revasculariza- 
tion. Chronic ischemia results in an atrophic, poorly 
or non-functioning echogenic kidney that is small 
with smooth, reniform contours. Small parenchymal 
calcifications and cysts can also be seen. 

Segmental renal artery occlusion causes a wedge- 
shaped, avascular segmental defect with its apex at the 
renal hilum and its base at the renal capsule.!;7% 
Doppler imaging can confirm the absence of flow in 
the infarct, although scar formation can be difficult to 
differentiate from that seen in chronic pyelonephritis. 
Intravascular sonographic contrast agents may 
improve visualization of cortical perfusion defects 
with power Doppler US, although this remains to be 
applied in clinical practice.7475 


Hemolytic uremic syndrome 


Hemolytic uremic syndrome is a bacterial toxin-medi- 
ated vasculitis that is manifested clinically by acute 
renal failure, microangiopathic hemolytic anemia, 
fever, and thrombocytopenia. The disease primarily 
affects children <5 years of age and is frequently pre- 
ceded by an episode of gastroenteritis associated with 
severe abdominal cramping and bloody diarrhea. Inti- 
mal inflammation with thrombosis of small intrarenal 
arteries and capillaries leads to acute renal failure with 
severe oliguria or anuria and hypertension. Sponta- 
neous recovery usually occurs within 3-4 weeks, 
although dialysis is often necessary during the acute 
phase. 

During the acute phase in hemolytic uremic syn- 
drome, the kidneys are normal in size or slightly 
enlarged. The renal cortex is diffusely hyperechoic 
and the medullary pyramids are hypoechoic.!!777 At 
Doppler US, the resistive index is elevated, with 
markedly reduced or absent forward diastolic flow in 
the renal arteries. Occasionally, flow can even be 
reversed during diastole, as in renal vein thrombosis. 
Normalization of the arterial waveform may precede 
the onset of diuresis during the recovery phase.”8 Cor- 
tical echogenicity also returns to normal in most chil- 
dren who experience complete recovery of renal 
function. 


Nephrocalcinosis and other causes of 
renal medullary hyperechogenicity 


Medullary nephrocalcinosis is the most common 
cause of renal medullary hyperechogenicity in infants 
and children.!!4?,79-8! Hypercalciuria, increased uri- 
nary phosphate excretion, and hypercalcemia are 
important predisposing factors. Dystrophic renal cal- 
cification can also form secondary to severe parenchy- 
mal injury from trauma, infection, or infarction. 
Sonographically, nephrocalcinosis shows a charac- 
teristic  periphery-to-center progression, with 
increased echogenicity first developing along the mar- 
gins of the pyramids!!.42,82-84 (Figure 27.8). Over 
time, this peripheral echogenic rim gradually thick- 
ens, eventually filling in the centers of the pyramids. 
In the most severe cases, the pyramids are diffusely, 
intensely echogenic with posterior acoustic shadow- 
ing. Aggregates of extracellular calcium near the pap- 
illary tips (Randall’s plaques) can perforate the caliceal 
epithelium, leading to extrusion of calculi into the col- 
lecting system (Anderson—Randall—Carr phenome- 
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Figure 27.8 Sonographic patterns of medullary hyperechogenicity in nephrocalcinosis. (a) Longitudinal view of the 
left kidney in a 3-year-old girl with Williams syndrome shows thin, peripheral hyperechoic linear bands outlining the 
pyramids with the centers remaining hypoechoic. The cortex appears normal. (6) Longitudinal view of the right 
kidney in a 14-year-old boy with familial hypophosphatemic rickets shows thicker peripheral echogenic margins of 
the pyramids. Some pyramids appear almost uniformly hyperechoic. The cortex appears normal. (c) Longitudinal 
view of the right kidney in a 7-year-old boy with distal renal tubular acidosis shows diffusely and nearly homoge- 
neously hyperechoic medullary pyramids. There is no posterior acoustic shadowing and the cortex appears normal. 
(d) Longitudinal view of the right kidney in a 7-week-old girl with severe idiopathic hypercalcemia shows very 
intense, diffuse medullary hyperechogenicity with posterior acoustic shadowing. The cortex is also thin and 


echogenic, consistent with cortical nephrocalcinosis. 


non). Even in cases with marked medullary hyper- 
echogenicity at US and increased medullary attenua- 
tion at non-enhanced CT, the calcification is not 
always visible on abdominal radiographs. Cortical cal- 
cification usually occurs only in the presence of 
advanced medullary nephrocalcinosis and is associ- 
ated with marked hypercalcemia or severe generalized 
parenchymal injury, or both. Cortical nephrocalci- 
nosis is manifested at sonography by generalized 
increase in cortical echogenicity, cortical acoustic 
shadowing, loss of the corticomedullary differentia- 
tion, and atrophy. 

Renal medullary hyperechogenicity is also seen in a 
number of uncommon storage diseases, including 
glycogen storage disease, Lesch-Nyhan syndrome, 
and Wilson’s disease, among others.7”8085-87 Both 
hypercalciuria and microscopic evidence of increased 
medullary calcium deposition have been reported in 
patients with these disorders. Hyperuricemia might 


also contribute in some patients, as it is known to 
produce hyperechoic pyramids in adults with gout 
and in children with leukemia. In some subtypes of 
glycogen storage disease, the kidneys are enlarged and 
become increasingly echogenic as a result of tubular 
and interstitial deposition of calcium, uric acid, and 
glycogen. The liver and spleen are also enlarged and 
echogenic. In Lesch—Nyhan syndrome, renal function 
is usually normal during childhood although the kid- 
neys are small. Increased medullary echogenicity can 
be punctate or diffuse and is typically progressive and 
unaffected by therapy. Both nephrocalcinosis and 
renal calculi can develop. 


Tamm-Horsfall proteinuria and other 
inspissation syndromes 


Transient medullary hyperechogenicity as a result of 
intratubular inspissation of Tamm—Horsfall protein 
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has been reported in 3-5% of otherwise healthy term 
neonates during the first week of life.888? At US, the 
pyramids can appear diffusely speckled or the abnor- 
mality can appear as a splotchy hyperechoic focus 
involving the inner third of the pyramid, extending 
outward from the papillary tip. The abnormality can 
be unilateral or bilateral and is visible shortly after 
birth. Despite the fact that the deposits can be quite 
conspicuous at US, they are not visible at non- 
enhanced CT. Physiologically, decreased tubular flow 
during the first days of postnatal life is thought to be 
important. Tamm-—Horsfall protein is known to pre- 
cipitate and form intratubular aggregates when pre- 
sent in larger than normal quantity. Urinary excretion 
of Tamm—Horsfall protein is normally higher at birth 
and declines during the first week. Some authors have 
reported a temporal relationship between the disap- 
pearance of the hyperechogenicity and the establish- 
ment of a consistent pattern of micturition toward the 
end of the first week of life. 

Similar sonographic appearances have been 
reported in children and adults with oliguric renal 
failure and persistently increased urinary Tamm- 
Horsfall excretion.1! Medullary hyperechogenicity is 
also observed in patients with intratubular deposition 
of other large macromolecules, such as in rhabdomy- 
olysis, myoglobinuria, toxic shock syndrome, and in 
children with leukemia and tumor lysis syndrome. 
The resistive index is usually increased at Doppler US 
examination and renal dysfunction is common. The 
reversibility of the US findings depends on re-estab- 


lishment of a normal urine flow rate. 


Renal tumors 


Wilms’ tumor 


Wilms’ tumor is a malignant neoplasm that arises from 
primitive, embryonal renal tissue and is the most 
common primary, solid, neoplasm in the pediatric 
abdomen, accounting for 95% of all malignant geni- 
tourinary neoplasms in children.47°°?! Most children 
with Wilms’ tumor present between 1 and 4 years of 
age. Because Wilms’ tumors grow rapidly, they are usu- 
ally very large at diagnosis and present as a palpable 
abdominal mass. Hematuria, fever, abdominal pain, 
and hypertension are also common. Children with 
hemihypertrophy, sporadic aniridia, Beckwith—Wiede- 
mann syndrome, Denys—Drash syndrome, and Perl- 
man syndrome are predisposed to developing Wilms’ 
tumor, but represent less than 5% of all cases.??:?3 


Wilms’ tumor usually presents as a solitary renal 
mass and can occur anywhere in the kidney.?0-9°45 
Multiple synchronous Wilms’ tumors are present in 
5% of patients at diagnosis and can be unilateral or 
bilateral (Figure 27.9). Metachronous contralateral 
tumors can also appear even many years after the 
nephrectomy for the original mass. The mass itself is 
surrounded by a well-defined pseudocapsule compris- 
ing tissue that has been compressed along the advanc- 
ing surface of the enlarging mass. Histologically, 
Wilms’ tumors are classified as either ‘favorable’ or 
anaplastic. Wilms’ tumors with favorable histology 
account for more than 90% of cases. Children with 
anaplastic Wilms’ tumors tend to be older and their 
tumors display a greater tendency to invade adjacent 
structures, as well as a higher frequency of distant 
metastases. Hematogenous 
common to the lungs, liver, and brain. Skeletal metas- 
tases are rare. Lymphatic spread to renal hilar and 
para-aortic lymph nodes can also occur. Intravascular 
extension into the renal vein and inferior vena cava 
occurs in 4% of children and in 1% the tumor throm- 
bus propagates into the right atrium. 

Ultrasound is the usually the first imaging study 
that is performed in an infant or young child who pre- 
sents with a palpable abdominal mass.51142 At US, 
Wilms’ tumor appears as a solid, intrarenal mass. The 
mass is often very large (>10 cm) and is usually pri- 
marily solid and hyperechoic. Cystic areas of necrosis 


metastasis is most 


Figure 27.9 A 3-year-old girl with bilateral synchro- 
nous Wilms’ tumors and right nephroblastomatosis. At 
contrast-enhanced CT, the left kidney is almost entirely 
replaced by a large, partially necrotic mass (Wilms’ 
tumor) and there is a somewhat smaller mass (Wilms’ 
tumor) distending the right renal sinus. Numerous tiny, 
low-attenuation perilobar nephrogenic rests (arrows) 
are visible in the residual enhancing right kidney. 
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and hemorrhage can be very extensive. However, pri- 
marily cystic Wilms’ tumors are rare. At non- 
enhanced CT, Wilms’ presents as a 
low-attenuation, solid renal mass.47°° On postcon- 
trast scans, the tumor generally appears more inho- 
mogeneous, with variable enhancement of the solid 
components and no enhancement in cystic areas of 
hemorrhage and necrosis (Figures 27.9 and 27.10). 
Calcification is visible in less than 10% of cases. 
Wilms’ tumors containing small amounts of fat have 
been reported rarely.?” At MRI, the mass appears 
moderately inhomogeneous with relatively low signal 
intensity on T1-weighted sequences and has a bright 
signal on T2-weighted sequences.47°8-10 Solid areas 
within the tumor enhance on _ postgadolinium 
sequences, although less than normal renal cortex. 
When present, calcification appears as very low signal 
foci, and is much less conspicuous at MRI than at 
either CT or US.!9101 CT and MRI generally pro- 
vide similar information regarding local tumor extent 
and regional adenopathy and are both superior to US 
for tumor staging.?!:!9 In selected cases, direct mul- 
tiplanar imaging with MRI can provide more detailed 
information, such as when direct invasion of adjacent 
structures is difficult to assess at CT. On all three 
modalities the contralateral kidney should be evalu- 
ated carefully for tumor or nephroblastomatosis. 
Although some clinicians have challenged routine 
intraoperative inspection and palpation of the con- 
tralateral kidney, this is still a widely accepted surgical 


tumor 


Figure 27.10 A 2-year-old girl with large left Wilms’ 
tumor with extension into the left renal vein and infe- 


rior vena cava. Contrast-enhanced CT shows a large 
non-enhancing, solid left renal mass containing multi- 
ple small areas of necrosis and hemorrhage. Low- 
attenuation soft tissue is visible distending the left renal 
vein and inferior vena cava (arrow). 


practice, even when preoperative imaging studies 
show no contralateral renal abnormality.?° Because of 
the propensity of Wilms’ tumor to grow into the renal 
vein and inferior vena cava, these structures should be 
carefully evaluated. 

Identification of the superior extent of the throm- 
bus is critical for presurgical planning?!103:194 (see 
Figure 27.10). Gross intracaval tumor extension is 
usually readily visualized at Doppler US or with CT 
or MRI. However, both CT and MRI generally pro- 
vide more detailed visualization of the vascular 
anatomy and can more readily demonstrate tumor 
extension into the adrenal or gonadal veins that may 
not be visible at US. Because the right renal vein is 
very short, sonographic evaluation of intravascular 
extension can also be more challenging in tumors that 
arise in the right kidney, particularly when they are 
very large. Large right renal tumors also often com- 
press the inferior vena cava, even when there is no 
intravascular tumor. Congenital variations in the left 
renal vein (either retroaortic or circumaortic) can 
pose a challenge in patients with left renal tumors. 

Ultrasound is generally used for postnephrectomy 
surveillance of both the nephrectomy bed and the 
contralateral kidney in children with Wilms’ 
tumor.!!4?,105 Power Doppler US can aid in identify- 
ing smaller intrarenal masses that might not be as 
conspicuous on gray-scale imaging alone. Careful 
comparison with previous studies is critical and any 
unexplained change in the renal contour or focal 
enlargement of one portion of the kidney should be 
viewed with suspicion even when there is no clearly 
definable mass. CT or MRI should be performed 
when there is any question of a recurrent or con- 
tralateral mass. 


Nephroblastomatosis 


Nephroblastomatosis is the persistence of non-func- 
tioning, primitive, nephrogenic blastema in the 
kidney after birth.%* Perilobar nephrogenic rests are 
positioned at the boundaries between the renal lobes 
and are more common than intralobar rests, which 
are located deep within the cortex or medulla. Panlo- 
bar nephroblastomatosis is a rare condition in which 
both kidneys are nearly entirely replaced by nephro- 
genic rest tissue (Figure 27.11). The clinical impor- 
tance of nephroblastomatosis lies in the potential for 
malignant transformation of nephrogenic rests into 
Wilms’ tumor.?410°.107 Neoplastic transformation is 
more common with intralobar rests, although malig- 
nancy can develop within perilobar rests. 
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Figure 27.11 A 14-month-old boy with panlobar 
nephroblastomatosis, presenting with a markedly dis- 
tended abdomen and bilateral palpable flank masses. 
Contrast-enhanced CT shows the kidneys are almost 
completely replaced by multiple low-attenuation, non- 
enhancing, solid masses. Residual compressed 
strands of functioning renal parenchyma are visible 
between the masses. 


Macroscopic nephrogenic rests usually appear as 
hypoechoic solid masses at US.!°7-!!9 At CT, nephro- 
genic rests have low attenuation and do not enhance 
(see Figure 27.10). CT is more sensitive than US in 
detecting nephroblastomatosis, although some lesions 
that are visible at US are not seen at CT and vice 
versa. Sclerosed perilobar rests can produce an irreg- 
ularly flattened renal contour mimicking cortical scars 
from reflux nephropathy, whereas involuted intralo- 
bar rests can simulate renal cysts or caliceal divertic- 
ula. At MRI, nephrogenic rests do not enhance and 
appear homogeneously hypointense compared with 
cortex and isointense compared with the medulla on 
both T1- and T2-weighted sequences. 

In children with Wilms’ tumor, nephrogenic rests 
that are identified on prenephrectomy imaging stud- 
ies should be carefully followed on subsequent exam- 
inations. Although some nephrogenic rests can be 
identified intraoperatively at the time of nephrectomy 
by inspection and palpation of the kidneys, many per- 
ilobar rests and most intralobar rests are not 
detectable in this fashion, including some that are 
identifiable at CT or MRI.” Microscopic nephro- 
genic rests are not detectable with any current imag- 
ing modality. 

Patients who have syndromes that are associated 
with nephroblastomatosis and Wilms’ tumor should 
have their kidneys screened periodically with US 
during infancy and early childhood.”°-°2.3 Although 


the optimal frequency and duration of such US sur- 
veillance has not been well established, we follow 
patients every 3-6 months through infancy while pro- 
gressively lengthening the interval between studies as 
the child gets older.42°3-111 Just as is the case when 
following children with previous Wilms’ tumor, care- 
ful comparison of the current examination with pre- 
vious studies is critical and any unexplained change in 
the renal contour or focal or asymmetric enlargement 
should be viewed with suspicion even when there is 
no clearly definable mass or definite change in echo 
texture. Power Doppler US can also help to identify 
smaller intrarenal masses that might not be as con- 
spicuous on gray-scale imaging alone. Whenever 
there is a question of a mass, CT or MRI should be 
performed without hesitation. 


Clear cell sarcoma 


Once thought to be a variant of Wilms’ tumor, clear 
cell sarcoma accounts for 5% of primary pediatric 
renal tumors.!!2-H5 Children with clear cell sarcoma 
tend to be slightly older than those with Wilms’ 
tumor and have a much poorer prognosis. The 
predilection for skeletal metastases in clear cell sar- 
coma also differentiates it from Wilms’ tumor, in 
which skeletal metastases are rare. Clear cell sarcoma 
is also not associated with nephroblastomatosis. 
Ultrasound, CT, and MRI all demonstrate a predom- 
inantly solid, although usually complex renal mass 
with imaging characteristics that are usually indistin- 
guishable from Wilms’ tumor.!!> Well-defined cystic 
areas of necrosis and hemorrhage are common. Skele- 
tal metastases can either be present at the time of ini- 
tial diagnosis or can appear later and are usually 
osteolytic, although osteoblastic metastases also 
occur.!!4 Both hot and cold defects can be seen on 
bone scan. 


Malignant rhabdoid tumor 


Malignant rhabdoid tumor is a very rare, aggressive, 
primary malignant pediatric renal neoplasm that fre- 
quently presents during the first year of life.!1° Malig- 
nant rhabdoid tumor is associated in up to half of 
patients with a histopathologically diverse group of 
primary central nervous system tumors, including 
primitive neuroectodermal tumor, ependymoma, and 
astrocytoma.!!” These tumors can be present when 
the renal mass is first detected or can appear later. At 
ultrasound, CT, and MRI, malignant rhabdoid tumor 
presents as a large, aggressive, infiltrating, solid renal 
mass.!!8 The mass often arises centrally within or 
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adjacent to the renal hilum and invades and com- 
presses surrounding parenchyma as it enlarges. Linear 
calcifications are common. In some cases, the calcifi- 
cations appear to outline distinct tumor lobules. 
Rapid enlargement of the mass can lead to necrosis 
and hemorrhage. Peritumoral hemorrhage can also 
occur, resulting in characteristic crescent-shaped fluid 
collections at the periphery of the mass. Because of 
the tumor’s frequent association with both primary 
and metastatic neoplasms of the central nervous 
system, CT or MRI of the brain should be performed 
whenever the diagnosis of malignant rhabdoid tumor 
is suspected. 


Renal cell carcinoma 


The mean age at presentation in children with renal 
cell carcinoma is 11-12 years, although it has been 
reported as early as 6 months of age. Patients usually 
present with painless gross hematuria, abdominal 
pain, or a palpable mass. The histopathologic and 
imaging features of renal cell carcinoma in children 
are similar to adults. The tumor usually appears 
hyperechoic at US and hyperdense at CT, with vari- 
able tumor enhancement!!*!29 (Figure 27.12). 
Necrosis and hemorrhage are common. Calcification 
is more common than in Wilms’ tumor. Children 


with renal cell carcinoma have a relatively good prog- 
nosis if the entire tumor can be removed. However, if 
the primary resection is incomplete or there is distant 
metastatic spread, the prognosis is poor. Lung, bone, 
liver, or brain metastases are present in 20% of 
patients at diagnosis. 


Renal medullary carcinoma 


Renal medullary carcinoma is a very aggressive, 
malignant epithelial neoplasm that occurs almost 
exclusively in children and young adults with sickle 
cell trait or sickle cell disease.!?°-!?3 In patients <25 
years of age, males are affected three times as often as 
females. Gross hematuria, abdominal pain, and 
weight loss are common, although the mass itself is 
not always palpable. Renal medullary carcinoma 
arises along the urothelial margin of the renal medulla 
and grows quickly into the renal pelvis with early vas- 
cular and lymphatic invasion. Satellite parenchymal 
nodules are common and most patients have widely 
disseminated disease at diagnosis with metastases to 
the contralateral kidney, liver, lungs, and lymph 
nodes. Response to chemotherapy and radiotherapy 
is often poor. US shows a heterogeneous, centrally 
located, extensively infiltrative, solid intrarenal mass 
that frequently grows into the renal sinus. Smaller 
peripheral satellite nodules are common. At CT and 
MRI, the mass enhances heterogeneously. 


Leukemia, lymphoma, and 
lymphoproliferative diseases 


Despite the fact that many children who die with 
leukemia or lymphoma have histologic evidence of 
renal infiltration at postmortem examination, clinical 
and radiographic evidence of renal involvement is 
much less common during life. 11124126 Clinical signs 
of renal involvement, such as a palpable mass, hema- 
turia, or reduced renal function, rarely precede other 


Figure 27.12 A 13-year-old girl with renal cell carcinoma of the lower pole of her left kidney, presenting with abdom- 
inal pain and a palpable left abdominal mass. (a) Ultrasound: longitudinal view of the left kidney shows a large, solid, 
slightly heterogeneous lower pole mass. Multiple small calcifications are visible within the mass. (6) Contrast- 
enhanced CT through the kidneys shows a large, solid mass in the lower pole of the left kidney posteriorly. Small 
calcifications are present within the mass. The residual functioning portion of the left kidney is visible anteriorly. 
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Figure 27.13 An 18-year-old boy with relapsed acute lymphocytic leukemia and diffuse bilateral leukemic renal infil- 
tration. Ultrasound shows markedly enlarged, echogenic kidneys with multiple small, relatively hypoechoic, solid 
masses scattered throughout the parenchyma bilaterally. (a) Ultrasound: longitudinal view of the right kidney (length 
18.0 cm). (b) Ultrasound: longitudinal view of the left kidney (length 17.5 cm). 


manifestations of the disease. As a result, renal 
involvement is usually detected during staging or 
follow-up imaging studies in patients who are already 
known to have disease elsewhere. 

Renal involvement is usually bilateral in both 
leukemia and lymphoma.11-125.126 Leukemic infiltra- 
tion of the kidneys causes diffuse renal enlargement, 
with disruption of the normal corticomedullary archi- 
tecture (Figure 27.13). Discrete masses are less 
common in leukemia than in lymphoma. In lym- 
phoma, neoplastic infiltration of the renal interstitium 
initially also causes non-specific renal enlargement, 
with diffuse increase in parenchymal echogenicity at 
US. As the infiltrating neoplastic cells coalesce to 
form larger, hypoechoic masses, the kidney enlarges 
and loses its reniform shape. The renal architecture is 
increasingly disrupted and the parenchyma becomes 
diffusely more inhomogeneous. At postcontrast CT, 
multiple coalescing low-attenuation, non-enhancing, 
solid masses are visible!*4:!?6.127 (Figure 27.14). Peri- 
nephric extension and renal hilar and retroperitoneal 
lymph node involvement is better demonstrated at 
CT or MRI than at US. Follow-up imaging after suc- 
cessful treatment and regression of the masses often 
shows extensive cortical defects that can be indistin- 
guishable from other causes of renal atrophy and cor- 
tical scarring. Dystrophic parenchymal calcifications 
are also occasionally seen following treatment for 
some forms of renal lymphoma (Figure 27.15). 

Lymphoproliferative disorders are an important 
group of potentially life-threatening conditions that 
occur in patients who have severely impaired T-lym- 
phocyte-mediated immunity. Lymphoproliferative dis- 
orders have been reported as a complication of 


Figure 27.14 A 14-year-old boy with Burkitt's lym- 
phoma of both kidneys. Contrast-enhanced CT shows 
multiple non-segmental, low-attenuation, non-enhanc- 
ing solid masses scattered randomly throughout both 
kidneys. 


128-130 jn 


immunosuppression for organ transplantation 
primary immunodeficiencies and in acquired immuno- 


deficiency syndrome (AIDS).°° Regardless of the cause 
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Figure 27.15 A young boy with bilateral dystrophic 
renal parenchymal calcifications 3 months after treat- 
ment for acute myelogenous leukemia. (a) Ultrasound: 
longitudinal view of the right kidney. (6) Ultrasound: 
longitudinal view of the left kidney. (c) Contrast- 
enhanced CT: four axial images through the kidneys. 


of the immune defect, Epstein-Barr virus is critical in 
mediating the induction of polyclonal B-lymphocyte 
proliferation that leads to the development of lym- 
phadenopathy, focal parenchymal masses, and diffuse 
infiltration of solid organs.!??:!3! Involvement can be 


focal, multifocal, or widely disseminated, and any 
organ or body space can be involved. The gastroin- 
testinal tract, solid abdominal organs, and abdominal 
lymph nodes are most often affected. Renal involve- 
ment occurs in 17-20% of cases and has imaging fea- 
tures similar to those of leukemia and lymphoma. 


Congenital mesoblastic nephroma (fetal 
renal hamartoma) 


Congenital mesoblastic nephroma (congenital fetal 
renal hamartoma) is the most common primary, renal 
tumor in the newborn and occurs almost exclusively 
in the first year of life.13%135 Once believed to be a 
congenital form of Wilms’ tumor, mesoblastic 
nephroma is distinguished by its younger presenta- 
tion, its characteristically non-aggressive course and 
limited growth potential, its predominantly mes- 
enchymal derivation, and its lack of a malignant 
epithelium. Recurrence is unusual as long as the 
entire mass is removed, although metastatic spread of 
mesoblastic nephroma to lung and brain has been 
reported very rarely. 136 

A mass is usually palpable at birth. However, 
mesoblastic nephroma is increasingly being detected 
at prenatal US. At US, mesoblastic nephroma appears 
as a large, solid, renal mass. The mass can be either 
homogeneous or complex. Cysts are present in 60% 
of cases and small, scattered calcifications can also 
occasionally be visible.!37 At CT the tumor presents 
non-enhancing, low-attenuation mass 
surrounded by enhancing residual 
parenchyma (Figure 27.16). Cystic areas of necrosis 


as a 
normal 


Figure 27.16 An 8-week-old girl with right congenital 
mesoblastic nephroma, presenting with a palpable 
right abdominal mass. Contrast-enhanced CT shows a 
large, solid, non-enhancing right renal mass that com- 
presses the renal pelvis, resulting in obstruction and 
severe hydronephrosis. 
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and hemorrhage are readily demonstrated at CT, as 
are calcifications, when they occur. !93.134 


Multilocular cystic nephroma 


Multilocular cystic nephroma is a benign, cystic renal 
tumor that is made up of non-communicating cysts of 
differing size separated by thin septa composed of 
fibrous tissue, tubular elements, and immature 
blastemal tissue. 138-140 The tumor can involve part or 
all of the kidney. Rarely, multiple discrete lesions are 
present. Although the cyst walls occasionally contain 
cellular elements that are histologically similar to 
Wilms’ tumor, multilocular cystic nephroma has no 
malignant potential and local recurrence is rare after 
complete resection. 

The imaging features of multilocular cystic 
nephroma are distinctive. 138-13? The tumor appears as 
a complex, multicystic mass with uniformly thin septa 
separating the cysts. The septa are usually more con- 
spicuous at US than CT, although they can enhance 
somewhat after administration of contrast material. 
Thicker septa and septa that appear irregular or nodu- 
lar are unusual in multilocular cystic nephroma and 
should raise concern that the lesion might instead rep- 
resent a cystic Wilms’ tumor.!#° Septal calcifications 
are occasionally present in adults, but are rarely seen 
in children. At MRI, the tumor capsule and septa 
appear hypointense on both Tl- and T2-weighted 
images, with minimal enhancement after gadolin- 
ium.!*! The signal intensity of the fluid within the 
locules depends on their hemorrhagic and proteina- 
ceous composition. 


Angiomyolipoma 


Angiomyolipoma is a benign, non-encapsulated, 
hamartoma of the kidney composed of blood vessels, 
smooth muscle, and fat.!4?-!4 In children, angiomy- 
olipoma is very suggestive of tuberous sclerosis and is 
usually multiple and bilateral (Figure 27.17). Other 
clinical and imaging features of tuberous sclerosis are 
usually present. Less often, angiomyolipomas are 
detected in a child with undiagnosed tuberous sclero- 
sis who presents with a palpable mass or hematuria. 
Renal cysts also occur in patients with tuberous scle- 
rosis (Figure 27.18) and can coexist with angiomy- 
olipomas. 143-145 

Visualization of fat within a renal mass in a child is 
highly suggestive of angiomyolipoma.14%!44 Rarely, 
the tumor has more vascular and muscular elements 
and contains little or no visible fat. Calcification is 
usually absent. Angiomyolipomas are usually very 
echogenic at US and have very low attenuation, sim- 
ilar to perinephric fat on non-enhanced CT scans. At 
MRI, the tumors are hyperintense on both Tl- and 
T2-weighted images. Because angiomyolipomas are 
extremely vascular, they enhance very intensely at 
both CT and MRI. Larger angiomyolipomas tend to 
bleed, often profusely, resulting in intratumoral, sub- 
capsular, and perinephric hemorrhage. 


Renal lymphangioma and 
lymphangiomatosis 


Renal lymphangioma is a rare, benign, cystic renal 
tumor with imaging features that are similar to mul- 
tilocular cystic nephroma.!4°!47 Renal lymphangioma 


> 


Figure 27.17 A 4-year-old girl with tuberous sclerosis and bilateral renal angiomyolipomas. Ultrasound shows mul- 
tiple small, solid, non-shadowing echogenic masses scattered throughout both kidneys. (a) Ultrasound: longitudi- 
nal view of the right kidney (length 7.8 cm). (b) Ultrasound: longitudinal view of the left kidney (length 7.9 cm). 
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Figure 27.18 A 3-week-old boy with tuberous sclerosis and polycystic kidney disease. The kidneys are both 
enlarged and heterogeneous with numerous irregular cysts bilaterally. (a) Ultrasound: longitudinal view of the right 
kidney (length 7.0 cm). (6) Ultrasound: longitudinal view of the left kidney (length 7.9 cm). 


can be either unilocular or multilocular and is usually 
solitary, although multiple lymphangiomas can occur. 
Renal lymphangiomatosis is a very rare disorder that 
is characterized by massive, bilateral nephromegaly 
with residual functioning islands of renal parenchyma 
appearing as irregular bands separating the innumer- 
able cysts, simulating the appearance in advanced 
autosomal dominant polycystic kidney disease or 
tuberous sclerosis.!48 Lymphangiomatosis can be lim- 
ited to the kidneys or can occur in association with 
more extensive retroperitoneal involvement. Cystic 
pulmonary lesions can also coexist. 149 


Renal cystic diseases 


Ultrasound is the primary imaging modality that is used 
in renal cystic diseases.5-°!1,150 CT and MRI are gener- 
ally reserved for those cases in which either the sono- 
graphic appearances are uncertain or complications such 
cyst rupture, hemorrhage, or neoplasm are suspected. 

Because isolated, simple renal cysts occur only very 
rarely in children,56-151.152 the presence of renal cysts 
in a child should at least lead to consideration that 
these might be manifestations of an underlying renal 
disorder such as polycystic kidney disease or renal 
dysplasia. On the other hand, many cystic renal 
lesions that are identified at US in children are not 
cysts in the strict sense. Caliceal diverticula, dilated 
calices, and even very prominent and hypoechoic 
medullary pyramids are all very common and should 
not be mistaken for cysts. 

At US, renal cysts appear as round or ovoid, thin- 
walled, fluid-filled structures.!!59,150-152 The fluid 


within uncomplicated cysts is anechoic and the wall is 
thin and slightly hyperechoic. Cellular, purulent, or 
proteinaceous debris or blood clot in complicated 
cysts causes the fluid to appear more echogenic. Par- 
ticular debris within the cyst fluid is best visualized at 
US. The fluid in uncomplicated cysts is of homoge- 
neously low attenuation at CT and has low signal 
intensity on spin-echo and inversion recovery Tl- 
weighted MRI images.4?-!53154 On spin-echo T2- 
weighted images, the signal intensity of the fluid 
increases and the wall of the cyst and the fluid may 
not be distinguishable. Although larger clots within 
cysts can often be identified at CT, differences in fluid 
composition and small particulate debris within the 
cyst fluid are more readily identified at MRI. The 
signal intensity in hemorrhagic cysts is generally 
brighter and more inhomogeneous on both Tl- and 
T2-weighted images, but can vary considerably 
depending upon the age of the hemorrhage and the 
relative proportions of hemoglobin, deoxyhemoglo- 
bin, and hemosiderin. Mural calcification is rare in 
children in renal cysts, although it is well described in 
adults. Mural calcifications are best evaluated at CT or 
US, although larger calcifications are sometimes iden- 
tifiable at MRI as a signal void within the cyst wall. 


Caliceal diverticulum 


Caliceal diverticulum is an urothelium-lined, saccular, 
outpouching of the collecting system that typically 
arises from one of the caliceal fornices.42-88:155,156 Cal- 
iceal diverticula are believed to be congenital lesions. 
Rarely, a cyst, hematoma, or abscess that ruptures 
into a calyx will form a permanent communication 
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with the collecting system and be can indistinguish- 
able from a congenital diverticulum. 

At US, caliceal diverticulum appears as a cystic 
lesion and is characteristically located centrally in the 
kidney, adjacent to the pyramids and collecting 
system. 4288.155,156 Caliceal diverticula range in size 
from several millimeters to many centimeters. Indi- 
vidual diverticula can also vary considerably in size, 
depending upon the degree to which they are dis- 
tended. Most diverticula communicate freely with the 
collecting system and will be opacified during either 
antegrade or retrograde urography as well as during 
postcontrast CT and MRI. However, when the neck 
of the diverticulum is stenotic, the fluid within the 
diverticulum will opacify only faintly or not at all. 
Comparison of the attenuation within the diverticu- 
lum on non-enhanced images with similar measure- 
ments on delayed postcontrast images may increase 
the chance of detecting faint opacification in a stenotic 
diverticulum. At non-enhanced CT and MRI, caliceal 
diverticula will similarly be difficult to differentiate 
from other centrally located cystic lesions. 


Autosomal recessive polycystic kidney 
disease 


Autosomal recessive polycystic disease is manifested 
by severe dilatation and ectasia of the interstitial por- 
tions of the collecting tubules.157 At US, the kidneys 
are usually dramatically enlarged and inhomoge- 


neously echogenic. 


11,50,151,158,159 The echogenic 


appearance of the parenchyma relates to the abnor- 
mally increased reflectivity of the walls of the dis- 
tended and ectatic tubules. The compressed renal 
cortex is studded with innumerable tiny cysts and 
appears as a relatively hypoechoic marginal halo 
around the kidney and occasionally around the indi- 
vidual renal lobes158-160 (Figure 27.19). The same 
architectural changes are visible at CT, although the 
appearance is typically the video inverse of US, with 
relatively poorly enhancing ectatic tubules producing 
a peripherally radiating striated appearance to the 
enlarged central portions of the individual renal lobes 
surrounded by brightly enhancing compressed cortex 
studded with countless tiny cysts.4? 


Autosomal dominant polycystic kidney 
disease 


When autosomal dominant polycystic disease pre- 
sents in childhood the cysts are usually small and few 
in number early in life.5-144?,151 In neonates, the kid- 
neys appear large and contain multiple small cysts, 
mimicking the appearance of the recessive form of the 
disease.!°! As the child becomes older, the cysts 
increase in size and number. Mural calcification is 


only rarely seen in children. Complications such as 
hemorrhage within a cyst can be visualized either at 
CT or MRI (Figure 27.20). MRI often shows strik- 
ing differences in the signal intensity of the fluid in 
the cysts, reflecting differences in protein content of 


the fluid.!6 


Figure 27.19 A newborn boy with autosomal recessive polycystic kidney disease. Ultrasound shows markedly 
enlarged kidneys, with accentuation of the renal lobar anatomy. The medullary portions of the renal lobes appear 
enlarged and very echogenic and are surrounded by a thin peripheral cortical halo. No larger macrocysts are visible. 
(a) Ultrasound: longitudinal view of the right kidney (length 12.7 cm). (6) Ultrasound: longitudinal view of the left 


kidney (length 13.2 cm). 
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Figure 27.20 A 12-year-old girl with autosomal domi- 
nant polycystic kidney disease, presenting with 
abdominal pain and hematuria after a minor motor 
vehicle accident. Contrast-enhanced CT shows the kid- 
neys to be almost entirely replaced by numerous large 
cysts, with strands of residual enhancing parenchyma 
visible between the cysts. 


Glomerulocystic disease of the kidney 


The characteristic histologic feature of glomerulocys- 
tic kidney disease is cystic dilatation of the space 
within Bowman’s capsule surrounding the 
glomeruli.!! Glomerulocystic kidney disease is a rare 
disorder that is frequently indistinguishable, based on 
its imaging and clinical features, from classic recessive 
polycystic disease in the neonate and from some cases 
of dominant polycystic kidney disease. Autosomal 
dominant transmission has been suggested in some 
lineages, with the parents of the affected infants pre- 
senting the classic imaging appearances of dominant 
polycystic disease. Liver disease similar to that in 
recessive polycystic disease can also occur. Glomeru- 
locystic kidney disease also occurs in trisomy 13, 
oro-facial—digital syndrome, Zellweger syndrome, 
tuberous sclerosis, and Meckel-Gruber syndrome, 
and similar histologic changes are seen in some 
patients with renal dysplasia. Such widespread clini- 
copathologic overlap has led some clinicians to sug- 
gest that glomerulocystic kidney disease might in 
reality represent a non-specific histologic appearance 
rather than a specific disease. 163 

The imaging findings of countless small cysts in a 
predominantly cortical and subcapsular distribution 
suggests the diagnosis of glomerulocystic kidney dis- 
11,159,164-167 The kidneys are often enlarged in 
neonates with this disorder, although often not as 
dramatically as in classic recessive polycystic disease, 
and the kidneys can decrease in size over time without 


ease. 


apparent deterioration in renal function. In other 
cases, the appearance progresses over time to that typ- 
ical of dominant polycystic disease. Because of the 
considerable overlap in the imaging appearances 
between this disorder and other more common forms 
of polycystic kidney disease, definitive diagnosis may 
ultimately require biopsy, where clinically justified. 


Medullary cystic diseases 


Juvenile nephronophthisis and adult-onset medullary 
cystic disease of the kidney are both familial forms of 
chronic tubulointerstitial nephritis that are associated 
with a urinary concentrating defect and progressive 
azotemia. 11167-171 Medullary cysts are present in both 
diseases. However, the clinical manifestations and 
patterns of transmission are different. Juvenile 
nephronophthisis is an autosomal recessive disorder 
that primarily affects children and is characterized 
clinically by polyuria, growth failure, and progressive 
renal insufficiency, usually leading to death in later 
childhood. Juvenile nephronophthisis is frequently 
associated with a variety of extrarenal abnormalities, 
including retinitis pigmentosa, cone-shaped epiphy- 
ses, hepatic fibrosis, and cerebellar aplasia. Adult- 
onset medullary cystic disease is an autosomal 
dominant disorder with no extrarenal manifestations 
that typically presents in the third decade or later and 
is rarely diagnosed in children. 

In juvenile nephronophthisis, the kidneys are small 
or normal in size at US, with diffusely increased 
parenchymal echogenicity and medullary 
cysts.!1,169-171 Although medullary cysts are regarded 
as a characteristic sonographic feature of juvenile 
nephronophthisis, increased parenchymal echogenic- 
ity with loss of corticomedullary differentiation can 
precede the development of visible macrocysts, result- 
ing in a non-specific appearance in some patients. 
Very thin-section (1.5 mm) CT or MRI can confirm 
the presence of medullary cysts in children with atyp- 
ical sonographic appearances, !67:168,170 

Medullary sponge kidney is a rare, non-hereditary 
disorder of unknown cause that is characterized by 
non-progressive medullary ductal ectasia, renal tubu- 
lar acidosis, hypercalciuria, and nephrocalcinosis.!! At 
excretory urography, the appearance reflects the 
severity of the ductal ectasia.!”? In very mild cases, the 
medulla has a thinly striated appearance. With more 
severe involvement, the linear medullary striations 
first become thicker and then cystic in appearance. 
Small calculi form within the tubules and the papillae 
enlarge as the calices become progressively more 
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distorted. In the most advanced cases, abdominal 
radiographs reveal nephrocalcinosis, nephrolithiasis, 
or both. The appearance of multiple clusters of tiny 
calculi overlying the medullary pyramids is diagnostic 
of medullary sponge kidney. Calculi that have eroded 
into the collecting system are visible in the renal 
pelves, ureters, or bladder. At US, renal size is normal 
and the medullary pyramids appear hyperechoic as a 
result of intraluminal calcium deposition.!:!72-173 
Shadowing intratubular calculi appear later in the dis- 
ease. CT is generally inferior to excretory urography 
in detecting tubular ectasia in medullary sponge 
kidney and is invariably normal early in the disease. 
However, subsequently, non-enhanced CT may be 
better for identifying small intratubular calculi that 
would be obscured by contrast material at excretory 


urography. 


Renal dysplasia and multicystic dysplastic 
kidney 


Normal nephroureteral development entails a series 
of complex interactions between the ureteric bud and 
the developing metanephros, beginning in the 7th 
gestational week. Failure of these interactions to pro- 
ceed normally can result in renal dysplasia. Although 
renal dysplasia is frequently associated with congeni- 
tal obstructive uropathy,!74!”6 it can also occur in the 
absence of detectable obstruction in patients with 
severe VUR and as an isolated anomaly.”!”7 Sono- 
graphically, dysplastic kidneys are usually small for 
age or body size and grow slowly. The renal 
parenchyma appears abnormally echogenic, with 
reduced or absent corticomedullary differentia- 
tion.>-611,178,179 Cysts are present in 40-50% of cases. 
In cases of severe dysplasia associated with obstruc- 
tion, the collecting system can be dysmorphic, with 
poor differentiation of the calices, infundibula, and 
renal pelvis. When cysts or hydronephrosis are pre- 
sent, the renal measurements may underestimate the 
reduction in total renal parenchymal volume. At 
scintigraphy, dysplastic kidneys typically have reduced 
function, although complete absence of function is 
uncommon, a feature that is important in distinguish- 
ing typical renal dysplasia from multicystic dysplastic 
kidney (MCDK). Although the appearance at US of 
a small, echogenic kidney that functions poorly at 
scintigraphy is usually diagnostic of dysplasia in a 
neonate, this sonographic appearance is not specific. 
In an infant or child, a variety of chronic and atrophic 
renal parenchymal disorders, including interstitial 
nephritis, chronic glomerulonephritis, and severe 


reflux nephropathy, as well as renal infarction sec- 
ondary to acute tubular or cortical necrosis, renal vein 
thrombosis, or renal arterial obstruction, can be sono- 


Figure 27.21 A newborn boy with right multicystic 
dysplastic kidney and subsequent involution. (a) Ultra- 
sound: longitudinal view of the right kidney at 2 days 
old shows the right kidney (length 4.2 cm) is entirely 
replaced by multiple non-communicating cysts of dif- 
ferent sizes separated by thin bands of echogenic, dys- 
plastic parenchyma. (6) Ultrasound: longitudinal view 
of the right kidney at 8 months old shows all of the 
cysts have decreased in size and the kidney now mea- 
sures 3.1cm in length. (c) Ultrasound: longitudinal 
view of the right renal fossa at 18 months old shows no 
residual visible cysts or right kidney. 
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graphically indistinguishable from renal dysplasia in 
the absence of suggestive historical or biochemical 
information or previous imaging studies.!78.179 

In MCDK, atresia of the ureteral bud at or just 
below the ureteropelvic junction early in nephrogene- 
sis results in a severely dysplastic, non-functioning, 
cystic kidney.°!80-182 The diagnosis of MCDK is usu- 
ally easily established based on characteristic imaging 
findings at US and renal diuretic or cortical scintigra- 
phy of a non-functioning kidney that is replaced by 
multiple non-communicating cysts with no residual 
normal-appearing parenchyma.®!8? At CT and MRI, 
the kidney is replaced by multiple cysts of different 
sizes that are separated by a small amount of non- 
functioning, dysplastic parenchyma (Figure 27.21). 
In the hydronephrotic variant of multicystic dysplasia, 
the kidney is non-functioning and contains one or 
more smaller peripheral cysts, with a large central cyst 
representing a rudimentary, dilated collecting 
system.!8! In segmental MCDK, the anomaly affects 
only one moiety of a partially or completely dupli- 
cated collecting system. When bilateral, MCDK is 
incompatible with extrauterine life and is usually 
accompanied by severe oligohydramnios, pulmonary 
hypoplasia, and other features of Potter’s syndrome. 

In most patients with MCDK, the fluid within the 
cysts is gradually absorbed and the kidney progres- 
sively decreases in size until it is no longer identifiable 
at US!83-186 (see Figure 27.21). Because the dysplas- 
tic renal remnant has no function, it will not be iden- 
tifiable at renal scintigraphy. This process of 
‘involution’ ultimately results in an appearance that is 
indistinguishable from unilateral renal agenesis. 187 
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The widespread use of maternal sonography and the 
routine radiographic evaluation of children with 
febrile urinary tract infections have resulted in the 
increased diagnosis of both antenatal and postnatal 
hydronephrosis. Hydronephrosis is the most 
common abnormality detected by prenatal ultrasound 
(US) and is seen in an estimated 1 in 100 to 1 in 500 
pregnancies.! One of the most important distinctions 
in the assessment of these children is determining 
which patients would benefit from surgery and which 
patients can be safely observed. This distinction is 
important since unnecessary intervention exposes 
patients needlessly to the morbidity of surgery, 
whereas inappropriate observation places patients at 
risk for infection and renal parenchymal loss. 

The common pediatric renal obstructive disorders 
are listed in Table 28.1. Of these, ureteropelvic junc- 
tion obstruction (UPJO) is the most common and 
accounts for nearly half of all prenatally detected 
uropathies.! Ureterovesical junction obstruction 
(UVJO), ureteroceles, and ectopic ureters are responsi- 
ble for the majority of the remaining cases. The natural 
history of renal pelvic dilatation is largely related to the 
underlying diagnosis. For example, hydronephrosis 
secondary to an ectopic ureter is unlikely to resolve 
spontaneously, whereas patients with megaureter can 
often be followed for years without renal functional 
loss.? The outcome of patients with UPJO is more vari- 
able and, as a result, management is more controver- 
sial. Some clinicians recommend early surgery, whereas 
others advocate simple observation.*> Regardless, 
most urologists will initially follow hydronephrotic 
kidneys conservatively and use decreasing differential 
renal function or worsening hydronephrosis as an indi- 
cator that surgery may be required. 


Table 28.1 Causes of pediatric hydronephrosis 


Obstructive causes 

Ureteropelvic junction obstruction (UPJO) 
Ureterovesical junction obstruction (UVJO) 
Ectopic ureters 

Ureteroceles 

Posterior urethral valves 

Urethral atresia 

Anterior urethral valves 

Congenital urethral stricture 


Non-obstructive causes 
Vesicoureteral reflux (VUR) 

Primary non-obstructive megaureter 
Megacalicosis 

Fetal folds 

Neurogenic bladder 


Conditions mimicking hydronephrosis 
Extrarenal pelves 

Multicystic dysplastic kidney (MCDK) 
Peripelvic cysts 

Neonatal kidneys (sonolucent renal sinus) 


Radiographic approaches to the diagnosis and 
assessment of renal obstructive disorders have evolved 
significantly over the past several decades. Intra- 
venous urography (IVU) and the antegrade pres- 
sure-flow test, referred to as the Whitaker test, were 
once mainstays in the evaluation of these patients and 
are now only rarely used. Technologic advances have 
given way to US, diuretic renal scintigraphy (DRS), 
and, more recently, magnetic resonance imaging 
(MRI) for the evaluation of hydronephrosis. Voiding 
cystourethrography (VCUG) is frequently performed 


in conjunction with these studies to rule out 
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Table 28.2 Advantages and disadvantages of various diagnostic modalities for the assessment of renal 


obstructive disorders 


Imaging study Advantages 


Disadvantages 


Intravenous pyelography 


Whitaker test 


Ultrasound 
radiation exposure 


Diuretic renal scintigraphy 
information 


Gadolinium-enhanced 
MR urography 


Good anatomy if function is good 
Only study that measures directly the 
pressure in the renal pelvis/bladder 


Inexpensive, portable, no contrast or 


Good functional and drainage 


Superior anatomic and functional 
information even if poor function or 


Inaccurate if poor function; nephrotoxic 
contrast; radiation exposure 


Invasive; not reproducible; no functional 
information; radiation exposure 


No functional information; limited 
anatomy 


Limited information in bilateral disease; 
no anatomic information; interpretative 
error; 15% false negative/positives 


Expensive; not yet widely available; 
requires sedation and monitoring 


bilateral disease; no radiation; 


contrast non-nephrotoxic 


vesicoureteral reflux (VUR) as the cause of 
hydronephrosis. Each of these diagnostic modalities 
has relative advantages and disadvantages (Table 
28.2). In general, these studies provide either good 
anatomic or good functional information, whereas 
none of these studies, save MRI, provide both. Some 
tests are more invasive than others, which also influ- 
ences test selection. Currently, no study is considered 
a gold standard for the evaluation of renal obstructive 
disorders and complete assessment typically involves a 
series of studies, including US, VCUG, and DRS. 
Consequently, a thoughtful diagnostic strategy is nec- 
essary to proceed with appropriate management at 


minimal cost and morbidity to the patient. 


Ultrasonography 


Ultrasonography (or ultrasound) constitutes a cor- 
nerstone in the radiologic evaluation of renal obstruc- 
tive disorders. It is 
portable, does not require ionizing radiation or con- 
trast media, and is not limited by renal failure. As a 
result, US is ideally suited as a screening study and for 
following patients with known abnormalities. A 
properly performed study provides information 
regarding renal size, cortical thickness and architec- 
ture, and the degree of dilatation of the collecting 
system. Nomographic charts are available that give 
‘normal’ renal lengths for children of varying ages and 
body weights (Figure 28.1). The sonographic exami- 
nation, however, is operator dependent and a skilled 


non-invasive, inexpensive, 


sonographer is essential for informative and repro- 
ducible studies. The US examination may be limited 
by body habitus, overlying bowel gas, and poor 
patient cooperation. 

The hallmark finding of hydronephrosis on US is 
separation of the hyperechoic central renal sinus by 
anechoic branching structures that represent the 
dilated calices. With more chronic and severe forms of 
hydronephrosis, cortical thinning may be seen. Often, 
if the process is unilateral and leads to renal parenchy- 
mal loss, the contralateral kidney may undergo com- 
pensatory hypertrophy in young children. In moderate 
and severe UPJO, pronounced caliceal and renal pelvic 
dilatation may occur, giving the kidney a classic ‘bear 
paw’ appearance on US (Figure 28.2). The ureters can 
usually only be seen on US if they are dilated, and the 
presence of a dilated ureter lying posterior to the blad- 
der helps distinguish megaureter from UPJO. When 
either diagnosis is a consideration, a VCUG to rule 
out VUR as the cause of dilatation should be per- 
formed. It should be kept in mind that VUR may 
coexist with UPJO in as many as 10% of children.” 

The Society for Fetal Urology (SFU) has proposed 
a grading system for reporting hydronephrosis 
detected by US.® This system takes into consideration 
the appearance of the calices, renal pelvis, and 
parenchyma to grade the degree of hydronephrosis 
from I to IV (minimal to severe). SFU grades I and 
II represent mild to moderate degrees of pelviectasis 
and should not be considered hydronephrosis. Grades 
III and IV represent true hydronephrosis, grade IV 
being the most severe with cortical atrophy (Table 
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Figure 28.1 Renal nomographic chart. (Adapted from Han and Babcock.) 


28.3). The degree of hydronephrosis is used to assist 
in decision making with regard to treatment and, 
additionally, provides some prognostic information. 
For example, SFU grades I and I hydronephrosis 
secondary to UPJO have a tendency to resolve with 
time and usually only require a VCUG to rule out 
VUR and sonographic re-evaluation. For SFU grades 
III and IV, some type of functional evaluation, in 
addition to a VCUG, is usually recommended since 


these patients are more likely to have significant uro- 
logic pathology and to require surgical intervention. 
Although controversy exists over size cut-offs, there 
is a well-documented correlation between the antero- 
posterior diameter (APD) of the renal pelvis on pre- 
natal ultrasound and the probability that a significant 
postnatal pathology will be present. Most authors use 
an upper limit of normal of 5mm APD before 30 
weeks of gestation, and up to 10mm later in 
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Figure 28.2 A 6-year-old boy with left ureteropelvic 
junction obstruction. Note the massive renal pelvic and 
caliceal hydronephrosis, giving the kidney the appear- 
ance of a ‘bear paw’ on ultrasound. 


Table 28.3 SFU grading scale for hydronephrosis 
detected by US 


Grade Central renal complex Renal 
(pelvis and calices) parenchyma 

l Slight splitting Normal 

Il Evident splitting; confined Normal 
within renal border 

lil Wide splitting; pelvis Normal 
dilated outside renal 
border; calices dilated 

IV Wide splitting with pelvis Atrophy 


dilated outside renal 
border; calices dilated and 
may appear convex 


From Fernbach.2 


pregnancy.!° Bouzada et al found that an APD of 
>15 mm on postnatal US had a sensitivity of 100% 
and a specificity of 92.5% for identifying renal units 
that ultimately required pyeloplasty.!! Similarly, John- 
son et al found that 11 (79%) of 14 kidneys with an 
antenatal APD of >15mm were obstructed or 
demonstrated VUR on postnatal evaluation. !? Finally, 
a prospective trial undertaken at the Great Ormond 
Street Hospital demonstrated that the severity of renal 
pelvic dilatation is useful for predicting renal func- 
tional deterioration and the eventual need for surgery 
in the management of UPJO (Table 28.4).!8 

The term hydronephrosis implies obstruction, and 
exposes an important limitation of US. No functional 
information is obtained from conventional US, and 
obstruction cannot be diagnosed based solely on 
anatomic information. Therefore, although US is 


Table 28.4 Correlation between anteroposterior 


diameter (APD) of the renal pelvis and requirement 


for surgical intervention 


Maximal APD? 
of renal pelvis (mm) 


Risk of requirement for 
surgical intervention 
(based on functional 
criteria) (%) 


<15 2 
15-20 7 
20-30 29 
30-40 61 
40-50 67 
>50 100 


a The APD refers to the maximum size 
encountered at any stage on pre- or postnatal US. 
Findings derived from prospective studies 
undertaken at the Hospital for Sick Children, 
Great Ormond Street, London.* 


highly accurate in the diagnosis of renal dilatation, it 
is not reliable in predicting obstruction or providing 
information regarding renal function. Even in the 
presence of renal pelvic dilatation secondary to an 
obstructive process, the degree of dilatation does not 
necessarily reflect the degree of, or functional signifi- 
cance of, the obstruction. Indeed, numerous cases 
have been reported of mild dilatation with complete 
obstruction and marked dilatation when no obstruc- 
tion is present. False-positive studies may result from 
an extrarenal pelvis, a peripelvic cyst, residual dilata- 
tion from previous obstruction, dilatation resulting 
from VUR, and pyelonephritis. The fetal and neona- 
tal kidney may also appear hydronephrotic on US sec- 
ondary to the sonolucent appearance of the medulla 
and pyramids (Figure 28.3). False-negative studies 
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Figure 28.3 Left kidney of healthy neonate by ultra- 
sonography. Note the relatively sonolucent renal sinus, 
which may be mistaken for hydronephrosis. 
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are less frequent, but obstruction may be present in 
the absence of dilatation in acute obstruction and in 
certain extrinsic processes such as metastases and 
retroperitoneal fibrosis. Oliguric states may also lead 
to false-negative studies. This is particularly true in 
the newborn, in whom renal sonography may under- 
estimate or completely overlook renal dilatation 
because of the oliguric state of the healthy newborn. 
It is rare that this results in missing significant renal 
obstruction, however. 


Duplex Doppler ultrasonography 


Given the limitations of conventional US in distin- 
guishing obstructive from non-obstructive causes of 
hydronephrosis, duplex Doppler US has recently 
been shown to have some value in the diagnosis of 
renal obstructive disorders. This adjunct to US is 
based on the fact that obstruction causes an increase 
in intrarenal arterial resistance, resulting in a relative 
reduction in diastolic flow compared with systolic 
flow. Renal arterial resistance is quantified using the 
formula: 


peak systolic velocity — minimum diastolic velocity 


peak systolic velocity 


The result of this formula is referred to as the resistive 
index (RI) (Figure 28.4). Different criteria have been 
proposed to suggest obstruction, including an RI of 
>0.70, an inter-renal RI difference of >0.06-0.10 
with unilateral dilatation, and an abnormal RI 
response to a diuretic challenge.!> For children, and 
especially the neonate and infant, the RI tends to be 
elevated compared with adult standards. RIs of 
0.7-1.0 can be normal in these populations and usu- 
ally decrease to adult ranges by about 2—4 years of 
age.!© Therefore, the latter two criteria appear most 
helpful in the pediatric age group. 

Numerous studies have been performed evaluating 
the role of duplex Doppler US for the diagnosis of 
renal obstruction and with mixed results. Kessler et al 
evaluated the role of RI in distinguishing obstructive 
uropathy from non-obstructed dilatation in a group 
of children with unilateral hydronephrosis.!” The kid- 
neys were prospectively evaluated by using duplex 
Doppler US and obstruction was confirmed by either 
renography or at the time of surgery. Using an RI of 
20.70 plus a difference in the RI between kidneys of 
20.08 as the criteria for obstruction, they found 
duplex Doppler US had positive and negative predic- 
tive values of 95% and 100%, respectively. They con- 
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Figure 28.4 Duplex Doppler image taken from a 4- 
year-old boy. Note the arterial waveform and the 
normal resistive index (RI) of 0.68 (asterisk). 


cluded that the RI appears to be an effective parame- 
ter for both the evaluation and follow-up of obstruc- 
tive or non-obstructive dilatation in children. Other 
clinicians have published less encouraging results. Gill 
et al studied the undilated urinary tracts of 47 chil- 
dren for the purpose of establishing a nomogram for 
RI values and to determine if an RI value of <0.7 
reliably predicts an unobstructed collecting system. 18 
They found that 37% of the normal renal units had an 
RI >0.70 and concluded that RI values in undilated 
(i.e. normal) kidneys vary significantly, and the rou- 
tine use of this technique needs further evaluation. As 
indicated by these studies, the use of duplex Doppler 
US for the evaluation of renal obstructive disorders is 
currently controversial and, as a result, the modality is 
not widely utilized. 

In summary, US is most commonly utilized as a 
screening method for the diagnosis of renal obstruc- 
tive disorders. Although in theory duplex Doppler 
US can provide useful functional information, in 
practice other studies are used to better delineate the 
cause and functional significance of hydronephrosis 
once it is detected. Most commonly, after VUR has 
been ruled out by VCUG, the next study of choice is 
DRS. 


Diuretic renal scintigraphy 


DRS was developed in the late 1970s as a non-invasive 
method for evaluating patients with renal obstructive 
disorders. The introduction of better radiopharmaceu- 
ticals and gamma cameras has led to an increased use 
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of nuclear imaging in pediatric urology. Once 
hydronephrosis is detected by other imaging methods, 
usually US, DRS is considered by many to be the pre- 
eminent method for estimating differential renal func- 
tion and characterizing the severity of obstruction. 
Worsening renal function by DRS is often the impe- 
tus for pyeloplasty in patients being observed with 
UPJO. DRS also remains the most commonly used 
method for serial follow-up and postoperative assess- 
ment of patients with UPJO and megaureter. 

The radiopharmaceuticals used for DRS comprise a 
radionuclide, most commonly technetium 99m 
(°°™Tc), bound to a carrier macromolecule. Renal 
handling of the various radiopharmaceuticals and, 
therefore, the information gained from DRS, is dic- 
tated solely by the biochemical properties of the car- 
rier macromolecule. The ability to label these 
macromolecules, which have known physiologic des- 
tinations within the body, forms the basis of renal 
scintigraphy. The principal radiopharmaceuticals used 
for DRS are °™Tc mercaptoacetyltriglycine (Tc 
MAG3), °?™Tc diethylenetriamine pentaacetic acid 
(Tc DTPA), and °™Tc dimercaptosuccinic acid 
(°°™Tc DMSA) (Table 28.5). 9°°™Tc MAG3, one of 
the newest radiopharmaceuticals, is 90% bound to 
plasma proteins and is principally cleared by tubular 
secretion. It shows both the parenchyma and collect- 
ing system well and provides excellent functional 
quantification. These qualities and the fact that it 
requires lower radiation doses than other radiophar- 
maceuticals make it the current agent of choice for 
evaluating renal function and drainage. In contrast, 
°°mTc DTPA has little plasma protein binding and is 
cleared almost exclusively by glomerular filtration. It 
is rapidly filtered into the urine and therefore provides 
excellent visualization of the pelvicaliceal system, 
ureter, and bladder, but may not be retained in the 
renal parenchyma long enough for good visualization 
of parenchymal abnormalities. Also, since °?™Tc 


DTPA relies principally on glomerular filtration, 
results are often suboptimal in infants with immature 
kidneys and a low glomerular filtration rate (GFR) or 
in patients with compromised renal function. In these 
scenarios 9°™Tc MAG3 is the preferred agent. 99m'Tc 
DMSA is unique among the other commonly used 
radiopharmaceuticals in that it tightly binds to the 
renal tubular cells and only a small amount is excreted 
into the urine. Therefore, it allows excellent visualiza- 
tion of the renal parenchyma and is primarily used for 
evaluating cortical lesions such as scars that occur as a 
result of pyelonephritis. 

The basic principles of DRS are as follows. The 
radiopharmaceutical of choice is injected intra- 
venously. Normally, during the first 2-3 minutes, 
renal parenchymal uptake occurs. The radionuclide 
emits gamma radiation that is detected by a gamma 
counter. This emitted radiation is temporally and spa- 
tially quantified with computer-assisted digital pro- 
cessing and represented morphologically and 
graphically as a scan (Figure 28.5). This information 
is analyzed and compared, allowing for the computa- 
tion of differential renal function (DRF). It is gener- 
ally accepted that the error in determining the DFR is 
+5%. After about 20 minutes, furosemide is injected 
intravenously to promote diuresis and the velocity 
and pattern of drainage from the kidneys to the blad- 
der are analyzed. In the absence of obstruction, half of 
the radionuclide is cleared from the renal pelvis within 
10-15 minutes, termed the T, po: AT 2 of >20 min- 
utes indicates obstruction, whereas a T, 2 of <15 
minutes is generally considered normal. Times 
between 15 and 20 minutes are indeterminate. Indi- 
cations for surgical intervention based on DRS gen- 
erally include DRF of <35-40% and a Tip of >20 
minutes, and US findings consistent with anatomic 
obstruction. Despite these parameters, neither should 
be used as an independent variable to determine if 
obstruction is present or absent. 


Table 28.5 Common radiopharmaceuticals used in diuretic renal scintigraphy 


Radiopharmaceutical Renal handling Application 
99mTc Mercaptoacetyltriglycine (Tce MAG3) Principally cleared by tubular secretion Renography 
99™T¢ Dimercaptosuccinic acid (92™Tc DMSA) Localizes and binds to the proximal Renal 
convoluted tubules parenchymal 
imaging 
99MT¢ Diethylenetriamine pentaacetic acid GFR dependent for clearance Renography 


("Te DTPA) 


GFR, glomerular filtration rate. 
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Figure 28.5 Diuretic renal scan (99™Tc MAG3) taken from a 3-year-old boy with severe left ureteropelvic junction 
obstruction. Note that the T,,, of the left kidney is never reached. 


Over the years a wide variety of protocols and tech- 
niques for diuretic renography have been used. 
Unfortunately, this has produced variability in inter- 
pretation among different institutions. In an attempt 
to promote standardization of the technique, the SFU 
and the Pediatric Nuclear Medicine Council (PNMC) 
of the Society for Nuclear Medicine published guide- 
lines for the ‘well-tempered’ diuresis renogram in 
1992.!° Its purpose was to allow easy comparison 
between studies and institutions. The guidelines stan- 
dardize many of the facets of the study, including 
intravenous hydration, bladder catheter placement, 
patient position, data acquisition and analysis, timing 
of diuretic administration, and regions of interest for 
which to monitor the diuretic effect. However, in 
practice, local protocols are still frequently used, 
which makes comparing results from different centers 
problematic. 

Despite the widespread use of DRS, there are sig- 
nificant limitations with the technique. For example, 
DRS only provides differential renal function and, as 
a result, is less informative in patients with overall 
poor renal function or solitary kidneys. Caution must 
be taken when interpreting results in these scenarios. 


Very capacious collecting systems can also prove 
problematic, since radionuclide retained in the renal 
pelvis may be included in the region of interest (ROT) 
and falsely elevate differential function. Although 
debatable, this artifact may be responsible for the 
supranormal function (>55%) reported for some 
hydronephrotic kidneys.? Interpretation is also 
somewhat subjective and may lead to reporting error 
(Figure 28.6). Other disadvantages of DRS are its 
poor anatomic resolution and long examination 
times. Not infrequently, patients will fall into the 
equivocal category. These patients may require a 
repeat DRS, or less commonly, a Whitaker test, to 
further assess renal obstruction. Overall, DRS may 
fail to determine the presence or absence of obstruc- 
tion in at least 15% of cases.?! 

Clearly, there are strengths and weaknesses associ- 
ated with US and renal scintigraphy. Specifically, 
whereas US provides useful anatomic information, it 
provides no functional information. Conversely, renal 
scintigraphy provides functional information, but 
little anatomic information. Therefore, although these 
studies are highly informative in tandem, neither 
study alone is typically sufficient for making clinical 
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Figure 28.6 Diuretic renal scan from a 3-month-old boy. Note that the scan shows 18% differential left renal func- 
tion. Further evaluation showed that the patient had a solitary right kidney, which highlights the interpretative error 


possible with scintigraphy. 


decisions. Recently, contrast-enhanced MRI of the 
urinary tract, as a single study, has been shown to 
have promise in the investigation of renal obstructive 
disorders. 


Magnetic resonance imaging 


The use of magnetic resonance urography (MRU) in 
the diagnosis of pediatric renal obstructive disorders 
has increased dramatically since it was introduced in the 
late 1980s. This has been the result of a series of recent 
technologic advances that have enabled faster image 
acquisition, improved resolution, reduced motion arti- 
fact, and three-dimensional (3D) reconstruction. Even 
today, newer imaging sequences and shorter acquisi- 
tion times are improving image quality and expanding 
the diagnostic capabilities of MRU. The advantages of 
MRU for evaluating renal tract anomalies in children 
are that it has multiplanar capabilities, offers excellent 
anatomic resolution and soft tissue contrast, and does 
not use ionizing radiation. Possibly, one of the most 
important developments occurred in the late 1990s 


when gadolintum-DTPA (Gd-DTPA) was first used in 
conjunction with MRU. Gd-DTPA and ?™Tc DTPA 
share the same carrier macromolecule and are handled 
by the kidneys in an identical fashion. As a result, Gd- 
DTPA-enhanced MRU (Gd-MRU) measurements of 
renal perfusion, uptake, and excretion correlate with 
those obtained by ??™T'c DTPA renal scintigraphy. Gd- 
MRU is the only study to date that has the capability 
of providing excellent morphologic detail typical of 
MRI as well as functional information that is equiva- 
lent or superior to DRS. Even at very low concentra- 
tions, Gd-DTPA has high signal intensity on MRI, 
giving Gd-MRU the ability to reliably detect 
hydronephrosis and transition in ureteral caliber even 
in non-functioning systems (Figure 28.7). The results 
of one study showed that Gd-MRU may be a useful 
tool for distinguishing an obstructed from a non- 
obstructed dilated system, even when °™Tc MAG3 
renography results were compromised by reduced renal 
uptake in the affected kidney.” An added advantage is 
that gadolinium, unlike iodinated contrast agents, is 
not nephrotoxic and can be used safely in patients with 
impaired renal function. 
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Figure 28.7 Gadolinium-enhanced MRU permits 
hydronephrosis and transition in ureteral caliber to be 
reliably detected even in non-functioning systems. (a) 
An 8-year-old patient with a dysmorphic right upper 
pole, with a dilated ureter down to the pelvis consistent 
with ureteral atresia. These findings could not be 
appreciated on either ultrasound or diuretic renal 
scintigraphy. (b) Left multicystic dysplastic kidney that 
had no function on diuretic renal scintigraphy. 


Although protocols for Gd-MRU differ slightly 
among institutions, the basic principles are preserved. 
The study involves initial Tl- and T2-weighted 
images through the kidneys, ureters, and bladder. Gd- 
DTPA is then administered intravenously and 
dynamic contrast-enhanced Tl-weighted imaging 
using a volumetric gradient echo technique is per- 
formed over the entire urinary tract. In a fashion sim- 
ilar to IVU, the uptake, excretion, and drainage of 
Gd-DTPA can be visualized sequentially. The advan- 
tage of Gd-MRU is that, in addition to providing 
anatomic information which exceeds that of US, com- 
puter-assisted postprocessing techniques can be 
employed to objectively quantify function and the 
degree of obstruction, similar to DRS. 

During postprocessing, image sequences are 
viewed as cinematic loops. This permits the assess- 
ment of renal perfusion and excretion and the gener- 
ation of signal intensity vs. time curves. Following 
contrast administration, three distinct phases of 
enhancement are recognized (Figure 28.8). In the 
first phase, the renal cortex enhances vividly, differen- 
tiating renal cortex from medulla. This is followed by 
a medullary phase, where the medulla enhances 
greater than the cortex. The third phase consists of 
excretion of contrast medium into the collecting 
system and ureters. Gadolinium transit through these 
anatomic areas causes a variation in the MR signal 
intensity over time, which can be represented graphi- 
cally by signal intensity vs time curves (Figure 28.9). 
When function is reduced in one kidney, signal inten- 
sity is reduced compared with the normal side. The 
3D maximum intensity projection (MIP) images 
from delayed images of the renal pelvis and ureters 
that exhibit good contrast enhancement provide 
excellent anatomic resolution of the collecting system 
and ureters. 

The diagnosis of obstruction on MRU is based 
morphologically on the findings of renal pelvic dilata- 
tion and ureteral narrowing. Functionally, obstruc- 
tion is suggested by reduced enhancement, delayed 
excretion of contrast into the collecting system and 
ureter, swirling contrast, and fluid—fluid levels within 
the renal pelvis. With Gd-MRU, reduced enhance- 
ment and delayed excretion can be objectively quanti- 
fied through the calculation of DRF and the renal 
transit time (RTT), which are tantamount to the split 
renal function and T} 2 time obtained by DRS. Using 
a two-compartment mathematical model, referred to 
as the Rutland-Patlak plot, single kidney GFR can 
also be calculated with Gd-MRU. This technique 
enables MRU-based assessment of function in 
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Figure 28.8 Following contrast administration, three distinct phases of renal enhancement can be recognized. Top 
row: left to right, cortical phase, medullary phase, and excretory phase. Bottom row shows the maximum intensity 
projections (MIPs) from which images were generated. 


(a) (b) 10 
10 
I | 
—— Cortex L BEL = 
8 —| —— Cortex R A 
—=— Medulla L _ 
= M llaR = ® 
E edulla Suan Z et | 
© 6- 7 5 
o 
e (SS 
B © 4 | 
2 4- 4 £ 
5 —— CortexL 
—— Cortex R 
2} 4 2 —— MedullaL | 
—s Medulla R 
0 | | | | | | 0 | | | | | | 
50 100 150 200 250 300 350 400 50 100 150 200 250 300 350 400 


Time (seconds) Time (seconds) 


Figure 28.9 (a) Normal time-intensity graph. Parenchymal enhancement by MRU occurs in a predictable fashion. 
The corticomedullary crossover (CMC) point (arrow) is the time at which the medulla has a higher relative signal 
intensity than the cortex. (b) Time—intensity graph taken from a patient with left UPJO. Delayed corticomedullary 
crossover (arrow) indicates increased intratubular pressure, which is suggestive of obstruction. 
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patients with bilateral disease or solitary kidneys, a 
distinct advantage over DRS, which only provides 
differential information. 

DRE is determined using images acquired at the 
time there is homogeneous enhancement within the 
kidney but prior to excretion of contrast into the col- 
lecting system. With 3D reconstruction, the volume 
of enhancing renal parenchyma is selected manually as 
an ROI. Vivid contrast enhancement of the renal 
parenchyma makes it possible to omit the collecting 
system and background. DRF is then calculated using 
the formula: 


percent renal function = 


individual kidney volume 
right kidney volume + left kidney volume 


x 100. 


Data published by the authors, as well as that of other 
clinicians, show a high correlation between DRF as 
determined by MRU and renal scintigraphy.?* 5 To 
better determine split renal function, and not volume, 
we have begun to use Patlak indices of GFR to com- 
pare the functional contribution of each kidney to 
overall renal function (AJ Kirsch and JD Grattan- 
Smith, unpublished work). 

The RTT refers to the time between the appearance 
of the contrast in the kidney and its appearance in the 
ureter (below the UPJ) and is based on 3D sequences 
that allow the passage of contrast to be tracked 
though the kidneys. Based on the RTT, drainage can 
be classified as normal (RTT <4 minutes), equivocal 
(4 <RTT <8 minutes) or obstructed (RTT >8 min- 
utes).2 Receiver operating characteristic (ROC) 
analysis for comparison of results by MRU and DRS 
shows good agreement between the modalities for the 
diagnosis of renal obstruction. The unique ability of 
MRU to provide quantitative functional information 
such as DRF and RTT, in addition to excellent 
anatomic characterization of the parenchyma and col- 
lecting system, makes this the most comprehensive of 
currently available diagnostic studies. 

Rohrschneider et al prospectively evaluated 62 
patients with static-dynamic MRU and compared the 
results with DRS for split function and urinary excre- 
tion, which served as the reference standard.2+ DRE, 
by MRU, was determined by comparing right vs left 
parenchymal uptake and volume, and dynamic 
sequences were used to generate whole kidney ROIs, 
which were used to assess urinary excretion. Urinary 
excretion was classified similarly by MRU and DRS in 
81% of the abnormal kidney-ureter units and in 100% 
of normal kidney units. Interestingly, in their study, 


MRU tended to overestimate the severity of obstruc- 
tion compared with DRS. However, MRU never 
indicated sufficient urinary drainage when DRS indi- 
cated relevant obstruction. The higher sensitivity of 
Gd-MRU compared with DRS explains this finding. 

One study, by Chu et al, offers limited evidence 
that Gd-MRU may also be more specific in the prog- 
nostication of renal deterioration than DRS.?? In this 
study, 8 children with unilateral hydronephrosis were 
evaluated by both MRU and DRS. DRS showed 
drainage in 3 hydronephrotic kidneys and poor 
washout in 5. By contrast, Gd-MRU showed 
drainage in all but 1 of these patients. Four of the 5 
hydronephrotic units labeled as obstructed on DRS, 
but that had drainage by MRU, had no evidence of 
worsening hydronephrosis or functional deterioration 
at a mean follow-up of 18 months. Furthermore, 
antegrade pyelography performed on 2 of these 
patients who were classified as obstructed by DRS, 
but not on MRU, showed no evidence of high-grade 
UPJO. The 1 patient with an obstructive pattern by 
both MRU and DRS was confirmed to have signifi- 
cant UPJO on antegrade pyelography, and this 
patient subsequently underwent dismembered pyelo- 
plasty. In a prospective study at Children’s Healthcare 
of Atlanta comparing US, DRS, and MRU in the 
evaluation of hydronephrosis, MRU provided equiv- 
alent information about renal function but superior 
information regarding morphology in a single study 
without ionizing radiation.2”7 Gd-MRU has also been 
shown to have a higher sensitivity (100% vs 96%), 
positive predictive value (86% vs 76%), negative pre- 
dictive value (100% vs 90%), and diagnostic effi- 
ciency (90% vs 79%) than DRS. 

At Children’s Healthcare of Atlanta, we have used 
Gd-MRU to evaluate over 300 children with 
hydronephrosis. MRU has been found to be particu- 
larly useful for diagnosis and evaluation of a wide 
range of renal obstructive anomalies, including 
UPJO, megaureter, and ectopic ureters (Figure 
28.10) and currently the technique is also used to 
evaluate surgical results in patients pre- and postoper- 
atively. For example, kidneys following pyeloplasty 
have shown statistically significant improvements in 
GFR (Patlak), corticomedullary transit and renal 
transit times, and degree of hydronephrosis following 
dismembered pyeloplasty.22 MRU has a sensitivity 
comparable with "Tc DMSA renal scintigraphy for 
the detection of renal scars and has been combined 
with MR voiding cystourethrography to diagnose 
VUR.?> Indeed, the availability of MRU has influ- 


enced our diagnostic strategy for the evaluation of 
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Figure 28.10 (a) A 6-year-old patient with left UPJO as seen by MRU. (6) On color enhanced images, a crossing 
vessel can be appreciated (arrow). (c) A 5-year-old child with bilateral non-obstructing megaureter. (d) A 9-year-old 
child with a right ectopic ureter, inserting below the bladder neck (asterisk), causing severe hydroureteronephrosis. 
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pediatric hydronephrosis. We have adapted our diag- 
nostic algorithm to include MRU and currently use 
this modality in evaluation of most patients with SFU 
grades HI and IV hydronephrosis on confirmatory 
sonography (Figure 28.11). Indications for surgical 
intervention based on Gd-MRU are more rigorous 
than DRS and include: 


E DRE of <35-40% 

E RTT of >8 minutes 

E prolonged CMC times 

E decreasing GFR, as indicated by the Patlak index 
E anatomic findings 


As for DRS, surgical decisions should not be based on 
isolated MRU criteria. 

Despite the advantages of MRU, there are obsta- 
cles to its widespread acceptance. First, standardized 
equations and values used to determine function and 
classify drainage have not yet been wholly agreed 
upon. Larger studies with longer-term follow-up are 
still needed. Secondly, sedation is required for most 
children. Although techniques using phenobarbital or 
chloral hydrate have been shown to be safe, patients 


must be monitored throughout the study with oxygen 
saturation monitors. Lastly, there are increased costs 
associated with MRU and availability remains lim- 
ited. Although MRU is currently more costly than 
renal scintigraphy, the comprehensive information 
obtained may justify its use, especially since it does 
not use ionizing radiation, and companion studies 
(e.g. retrograde urography), are no longer needed. 
Furthermore, cost and availability issues are likely to 
become less important in the future as use of this 
modality continues to increase. Indeed, over the next 
several years it is likely that MRU will replace renal 
scintigraphy in the evaluation of the pediatric urinary 
tract. 


Conclusions 


The accurate diagnosis and assessment of pediatric 
renal obstructive disorders is a principal task in pedi- 
atric urology. As a result of ongoing technologic 
advances, the diagnostic armamentarium available to 
clinicians for accomplishing this task has increased 
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Figure 28.11 Algorithm for the evaluation of antenatal hydronephrosis. At Children’s Healthcare of Atlanta (CHOA), 
gadolinium-enhanced MRU is used in preference to diuretic renal scintigraphy. 
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dramatically. Nevertheless, a series of radiologic stud- 
ies, consisting of US, DRS, and VCUG, are still typ- 
ically used to comprehensively evaluate many 
children. MRU has the potential to become a gold 
standard in the evaluation of these children. This 
single study, which does not require ionizing radia- 
tion, provides superior anatomic detail and, arguably, 
more accurate renal functional information than any 
other combination of studies. Cost and availability 
issues remain future challenges and may be the only 
factors preventing MRU from completely replacing 
renal scintigraphy. 
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Introduction 


Clinical presentation 


Routine use of prenatal ultrasonography has resulted 
in the diagnosis of large numbers of fetuses with 
hydronephrosis, which occurs in approximately 1 in 
800 pregnancies. Some of these asymptomatic con- 
genitally hydronephrotic kidneys improve sponta- 
neously, whereas others progressively deteriorate 
unless the obstruction is relieved. Clinical parameters 
used to evaluate hydronephrosis are not always help- 
ful in differentiating between the two groups. The 
pediatric urologist is charged with the responsibility 
of distinguishing between ongoing significant 
obstruction and innocuous residual dilatation of the 
collecting system in order to institute the appropriate 
clinical management. 

The distinction between true obstruction and mere 
residual dilatation can be challenging. Anatomic eval- 
uation alone, by ultrasonography and other radiologic 
imaging, accurately delineates the degree of dilata- 
tion, but is insufficient to determine the degree of 
obstruction. Nuclear medicine renal scans provide 
functional 
hydronephrosis, but there is a lack of consensus in 
how these parameters should be used to guide man- 
agement. In the absence of clear indications of 
obstruction or lack thereof, clinical decisions are usu- 
ally based on serial assessments of the hydro- 
nephrotic, and possibly obstructed renal unit. The 
inherent risk in this approach is the possible loss of 
renal function, which may be sudden and irreversible, 
if surgical correction of the obstruction fails to be 
instituted before the loss of renal function occurs. 

In situations where surgical intervention is clearly 
indicated, or if the risk of functional deterioration is 


information in the evaluation of 
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minimal, the use of upper tract urodynamic studies is 
not necessary. When routine tests are insufficient, or 
unable to clarify the diagnosis, however, upper tract 
urodynamic studies can provide invaluable diagnostic 
information. 


Role of upper tract urodynamics 


Although hydronephrosis is a highly complex physio- 
logic process, the source of the problem is essentially 
physical in nature. In any biologic fluid conduit system, 
the resistance of the conduit is directly proportional to 
pressure over flow (resistance œ pressure/flow), mod- 
ified from the Poiseuille-Hagen law,! which was orig- 
inally applied to the flow of Newtonian fluids through 
rigid tubes. Based on this principle, both pressure and 
flow must be taken into account simultaneously in 
order to derive a measurement of the resistance within 
the conduit. Without taking both pressure and flow 
parameters into account simultaneously, as is the case 
in ultrasonography and other purely image-based 
modalities, or in nuclear renography, results cannot be 
used to draw conclusions regarding the resistance 
within the collecting system. In contrast, upper tract 
urodynamics are designed to take into account both 
the pressure within the collecting system and the rate 
of fluid flow; hence the synonymous term percuta- 
neous pressure—flow studies. Upper tract urodynamic 
studies are intrinsically different from imaging studies 
and nuclear renal scans in that they provide a measure 
of the resistance of the collecting system, which is fun- 
damental in the evaluation of hydronephrosis and in 
the diagnosis of obstruction. 


Percutaneous pressure—flow study 


In performing pressure—flow studies in the assessment 
of upper tract urodynamics, direct access to the prox- 
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Figure 29.1 Whitaker pressure perfusion test. 
(Adapted from Wacksman,? with permission.) 


imal collecting system is necessary to measure the fluid 
pressure within the system (Figure 29.1). Insertion of 
two 22 gauge 2 inch angiocatheters under sono- 
graphic guidance and fluoroscopic monitoring has 
been found to be effective and safe in our experience 
(Figure 29.2). In children the study can be carried out 
under either heavy sedation or general anesthesia. 

In performing upper tract urodynamic studies, or 
pressure—flow studies, as the name implies, there is a 
pressure component, and there is also a flow compo- 
nent. One therefore needs to establish what consti- 
tutes normal as opposed to abnormally elevated renal 
pelvic pressures. Secondly, one also needs to deter- 
mine what constitutes appropriate flow rates that 
would optimally challenge the collecting system 
within physiologic limits. These considerations will 
now be described in turn. 


Threshold for normal renal pelvic pressure 


A number of experimental and clinical studies have 
attempted to define the upper limit of normal collect- 
ing system pressure. In the rat model, the proximal 
renal tubular pressure, intratubular and peritubular 
capillary pressures all remain constant until the col- 
lecting system pressure exceeds normal renal tubular 
pressure. In the rat, the normal proximal renal tubu- 


Figure 29.2 For the percutaneous pressure—flow stud- 
ies performed in children at the authors’ institution, all 
studies are performed under general anesthesia in the 
prone position. (a) and (b) Two 22 gauge angio- 
catheters are inserted into the collecting system percu- 
taneously under ultrasonographic guidance. Infusion 
of contrast verifies satisfactory nephrostomy access. 
(c) Antegrade nephrostogram in prone position. 
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lar pressure was established to be 14.1 + 
0.5 cmH,0.? In the human, intrarenal arterial resis- 
tance increases acutely once the renal pelvic pressure 
rises above 14 cmH,0.* Furthermore, Fichtner et al 
showed that in the congenitally hydronephrotic rat 
model, mean renal pelvic pressure was 14.1 + 
1.6 cmH,O under very high urine output with an 
empty bladder. The mean renal pelvic pressure 
increased further when the bladder was filled. In con- 
trast, mean renal pelvic pressure in normal controls 
was below 14 cmH,O under high urine output. Even 
with the bladder filled to capacity, the highest mean 
renal pelvic pressure recorded was only 13.2 + 
1.6cmH,O. These studies suggest that the upper 
limit of normal renal pelvic pressure is 14 cmH,O, 
above which undesirable physiologic changes begin to 
occur. 

Additional evidence indicates that continuous ele- 
vation in renal pelvic pressure leads to acute and irre- 
versible renal injury within 24 hours. In a porcine 
model of constantly elevated renal pelvic pressure 
between 20 and 40 cmH,O, the urinary level of N- 
acetyl-B-D-glucosaminidase (NAG) was found to be 
elevated, which is indicative of acute tubular cell 
membrane disruption. Similar conditions also 
resulted in acute onset of apoptotic cell death, signi- 
fying irreversible injury.” These changes were associ- 
ated with decreased renal blood flow, and 
up-regulated vascular endothelial growth factor 
(VEGF) mRNA levels, suggesting that decreased per- 
fusion and tissue hypoxia play an important role when 
renal pelvic pressure is elevated.° Renal injury was sig- 
nificantly greater in the experimental group, with 
renal pelvic pressure ranging from 20 to 40 cmH,O, 
compared with the control animals with renal pelvic 
pressure of 10 cmH,0O or less. Based on these results, 
the threshold for physiogically safe renal pelvic pres- 
sure seems to lie somewhere between 10 and 
20 cmH,O. Although the precise pressure threshold 
above which renal injury occurs remains undefined, 
these experiments are consistent with 14 cmH,O as 
the upper limit of normal renal pelvic pressure, as 
established previously in both rat and human studies. 


Optimal flow challenge to the collecting 
system 


The normal renal collecting system handles a wide 
range of urinary flow rates, as urine output varies 
under a variety of normal physiologic conditions. A 
normal collecting system should be able to handle this 
normal range of flow rates without an undue rise in 


pressure. In an ‘obstructed’ collecting system, on the 
other hand, there is an abnormally high resistance, 
causing elevated pressures whenever the flow rate 
exceeds its limited capacity for fluid transport. The 
increase in pressure in an obstructed collecting system 
is directly proportional to the rate of flow and the 
degree of obstruction, according to the modified 
Poiseuille-Hagen law.! However, if the collecting 
system is presented with a flow challenge that is exces- 
sively high and unphysiologic, even normal collecting 
systems may potentially be overwhelmed and develop 
elevations in pressure beyond the physiologically 
normal limit. In performing upper tract urodynamic 
studies, the flow rate chosen to optimally challenge 
the collecting system should therefore reflect the max- 
imum urine output that the kidney is capable of gen- 
erating under normal physiologic conditions. 


Individualized infusion pressure-flow 
study 


The pioneering work in infusion pressure—flow stud- 
ies was carried out by Whitaker,® and the initial form 
of pressure—flow study is referred to as the Whitaker 
test. Whitaker advocated using a standard external 
infusion rate of 10 ml/min, with lower infusion rates 
of 2-5 ml/min for smaller children. An even higher 
infusion rate of 15 ml/min can be used in adults for a 
more stringent flow challenge. Intrapelvic pressures 
<10 cmH,O were interpreted as normal. Pressures 
>20 cmH,O were abnormal and those between 10 
and 20cmH,O were considered indeterminate. 
Although these concepts were sound in principle, 
there was no specific guideline to determine what 
infusion rate should be used for children of a given 
age and body size. Further work was therefore under- 
taken by Fung et al in an attempt to clarify the infu- 
sion rates used, to provide physiologically meaningful 
results.? Three patient parameters form the basis for 
the calculated estimate of the patient's maximum 
physiologic urine output: 


E body surface area 

E age-adjusted 90th percentile glomerular filtration 
rate (GFR) 

E the maximum percentage of the GFR one can 
physiologically excrete as urine. 


Both surface area!® and 90th percentile GFR 
(ml/min/1.73 m?) for the patients age (Figure 
29.3)44 can be obtained from population nomo- 
grams. Since the renal tubules proximal to the seg- 
ment sensitive to antidiuretic hormone reclaim about 
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Figure 29.3 Age-adjusted glomerular filtration rate (GFR, in ml/min per 1.73 m?) nomogram. (Adapted from 


McCrory."") 


80% of the water in the glomerular ultrafiltrate, under 
non-pathologic conditions the maximum physiologic 
diuresis cannot exceed approximately 20% of the 
GFR, even in the complete absence of antidiuretic 
hormone.!? The calculation can be summarized as: 


maximum physiologic urine output per kidney 
(ml/min) = 


surface area (m?) x age-adjusted GFR 
(ml/min/1.73 m?) x 20% of total GFR 


1.73 m? x number of kidneys 


Since the pressure—flow study is applied to one kidney 
at a time, the flow rate employed is based on the max- 
imum physiologic urine output per kidney: hence the 
correction factor ‘number of kidneys’. For patients 
who have a solitary kidney, compensatory hypertro- 
phy and hyperplasia need to be taken into account. 
This formula is directly applicable only if the GFR of 
the solitary kidney has compensated to a level similar 
to the population-normal total GFR. 

For a patient whose total GFR and differential 
renal function are known, maximum physiologic 
urine output can be derived directly with this for- 
mula. Maximum physiologic urine output for the 
kidney of interest would then be 20% of the mea- 
sured total GFR (ml/min) multiplied by the differen- 
tial renal function for that kidney (%): 


maximum physiologic urine output per kidney 
(ml/min) = 


measured total GFR (ml/min) x 20% of total 
GFR x differential renal function (%) 


When these calculations were performed for patients 
of different ages and body sizes, the appropriate infu- 
sion rate corresponding to the respective maximum 
physiologic urine output per kidney ranged from 
0.85 ml/min (appropriate for a 4-week-old infant) to 
16.31 ml/min (appropriate for a large 218-year-old 
patient) (Table 29.1). This tremendously wide range 
underscores the importance of individualizing the 
infusion rate used for each pediatric patient.? 

As previously noted, a non-obstructed system 
should maintain a peak renal pelvic pressure no higher 
than the upper limit of normal physiologically — i.e. 
maintain a peak renal pelvic pressure of <14 cmH,O. 
By contrast, a collecting system with significant 
obstruction can be expected to develop a peak renal 
pelvic pressure of >14 cmH,O. If the renal pelvic 
pressure remains well below 14 cmH,O at the indi- 
vidualized infusion rate, one can arbitrarily increase 
the infusion rate by 50% or 100% to challenge the 
collecting system drainage with a supraphysiologic 
flow rate to test the reserve capability of that collect- 
ing system. However, an elevated renal pelvic pres- 
sure (>14 cmH,0O) in this setting is not necessarily 
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indicative of significant obstruction, as the supraphys- 
iologic infusion rate represents a flow rate that 
exceeds the urine output from the kidney under phys- 
iologic conditions; instead, it would be an indication 
that the collecting system being tested is borderline 
for a significant degree of obstruction, with little addi- 
tional reserve capacity for handling higher urinary 
flow rates. 

These modifications from Whitaker’s original 
descriptions form the basis for the individualized 
infusion pressure—flow study. It is important to note 
that a urethral catheter is routinely used to keep the 
bladder empty during all pressure-flow studies to 
minimize the potential of renal pelvic pressure read- 


ings being artificially affected by a full bladder. 


Diuresis pressure—flow study 


Individualized adjusted infusion rates, as described in 
the individualized infusion pressure—flow study, help 
to ensure that the collecting systems being tested are 
challenged with appropriately infused flow rates. 
However, externally infused flow rates are, after all, 
from an extracorporeal source and are not physio- 
logic. In order to render the flow challenge in upper 
tract urodynamics more physiologic, it is possible to 
eliminate the need for an external infusion during the 
pressure-flow study, and instead challenge the col- 
lecting system with a diuresis induced by pharmaco- 
logic means, such as the intravenous administration of 
furosemide.!? Nephrostomy access is still necessary to 
measure renal pelvic pressure, as is urethral catheteri- 
zation. Instead of an external infusion, the patient 
receives an intravenous bolus of 15 ml/kg of a crystal- 
loid solution followed by 1 mg/kg of intravenous 
furosemide up to a maximum of 10 mg. Renal pelvic 
pressure is continuously monitored for 30 minutes 
after the furosemide administration (Figure 29.4), 
and urine output monitored every 5-10 minutes to 
ensure that an adequate diuresis has been induced. 
Similar to the individualized infusion pressure—flow 
study, a peak renal pelvic pressure of <14 cmH,O is 
considered normal whereas a peak renal pelvic pres- 
sure of >14 cmH,0O is considered obstructed. 

In a series of over 55 patients who received both 
the individualized infusion and the diuresis pres- 
sure-flow studies, peak renal pelvic pressures 
obtained from the two pressure—flow studies were 
found to be similar, agreeing in all but three cases. In 
these three patients, test results were either borderline 
positive or borderline negative, with the peak renal 
pelvic pressures differing by only 2-3 cmH,O.!8 


The diuresis pressure—flow study differs from the 
individualized infusion pressure-flow study in more 
ways than just how the flow challenge to the collect- 
ing system is generated. The externally infused flow of 
an individualized infusion study challenges the col- 
lecting system, but cannot measure how the kidney 
may have responded to the obstruction present in the 
collecting system. Based on our current understand- 
ing of how the kidney responds to obstruction, how- 
ever, the diuretic pressure-flow study not only 
provides information on the resistance present in the 
collecting system but also may help uncover compen- 
satory physiologic changes present in kidneys in 
response to physiologically significant obstruction. 

Based on our current understanding of renal 
obstruction, the collecting system pressure of a chron- 
ically obstructed kidney remains within the normal 
range.!4 In these obstructed kidneys, the normal col- 
lecting system pressure is a result of long-term com- 
pensatory changes occurring in the kidney, with 
reductions in renal blood flow and GFR proportional 
to the degree of outflow obstruction. In terms of the 
collecting system pressure at baseline conditions, a 
hydronephrotic kidney with a significantly obstructed 
collecting system is therefore indistinguishable from a 
non-obstructed kidney. However, the hydronephrotic 
kidney with ongoing significant obstruction main- 
tains normal renal pelvic pressure because of a state of 
equilibrium from changes in renal blood flow and 
GFR compensating for the outflow obstruction.!* In 
this compensated state of equilibrium, the renal blood 
flow and GFR decrease in the obstructed kidney just 
enough to compensate for the existing outflow 
obstruction at baseline conditions, and the collecting 
system has little or no reserve for handling any 
increase in urine flow. If such a kidney were to be 
challenged with a furosemide-induced diuresis, it is 
logical that an elevation in renal pelvic pressure would 
ensue. In a non-obstructed collecting system, by con- 
trast, experimental animal studies have documented a 
significant reserve capacity for handling diuresis 
beyond baseline urine output, while maintaining 
renal pelvic pressures below the upper limit of 
normal.® 

Furosemide-induced diuresis is therefore more than 
just a flow challenge to the collecting system; it is, in 
fact, also a means of ‘agitating’ the equilibrium estab- 
lished in the renal blood flow, GFR, and collecting 
system pressure of significantly obstructed kidneys. 
Thus, a positive diuresis pressure-flow study (peak 
renal pelvic pressure > 14 cmH,O) indicates not only 
a collecting system with an abnormally high resistance 
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Figure 29.4 Composite graph of a representative group of patients with hydronephrosis undergoing diuresis pres- 
sure-flow studies, where renal pelvic pressure is plotted against time. Renal pelvic pressure at time 0 represents 
baseline pressure. Intravenous furosemide, 1 mg/kg, up to a maximum of 10 mg, was given at time 0, and renal pelvic 
pressure was monitored for 30 minutes. The furosemide-induced diuresis consitutes the sole form of fluid challenge, 
and no infusion of fluid takes place during these studies. In the authors’ experience studying over 55 hydronephrotic 
kidneys to date (data not all plotted in this graph in order to maintain clarity), it has been consistently observed that 
the prediuresis baseline renal pelvic pressures remain relatively low, and do not exceed 10 cmH,O. The highest renal 
pelvic pressure recorded to date is 63 cmH,0O, observed in a patient with ureteropelvic junction (UPJ) obstruction and 
no evidence of contrast draining across the UPJ throughout the entire pressure—flow study. 


to flow but also that the kidney being tested is prob- 
ably in a compensated state of equilibrium, precari- 
ously maintaining a normal renal pelvic pressure at 
baseline conditions at the expense of decreased renal 
blood flow and/or GFR. 

In our current series of over 55 patients, positive 
studies correlate with those of patients who are symp- 
tomatic or show evidence of renal functional deterio- 
ration. These correlations suggest that a positive 
diuresis pressure—flow study is predictive of function- 
ally significant obstruction. Conversely, those with 
negative diuresis pressure—flow studies have shown 
no evidence of deterioration or required surgical 
intervention for symptomatic complaints at a follow- 


up of 2 years (Figure 29.5). 


Upper tract urodynamics and nuclear 
diuretic renography: similarities and 
differences 


Because of the relatively invasive nature of establish- 
ing percutaneous nephrostomy access, it is important 
to clarify whether the pressure—flow studies reveal 
uniquely important diagnostic information as com- 
pared to the more commonly used diuretic renogram. 
The protocols for the diuresis pressure—flow study are 
similar to those for diuretic nuclear renography: both 
modalities share the use of a urethral catheter to keep 
the bladder empty, the infusion of an intravenous 
crystalloid solution to ensure adequate patient hydra- 
tion, and the administration of 1 mg/kg of intra- 
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Figure 29.5 Male patient identified as having right hydronephrosis compatible with ureteropelvic junction (UPJ) 
obstruction, as shown by an intravenous pyelogram (a). Ultrasonography demonstrated marked right hydronephro- 
sis with significant thinning of the renal cortex (b), and normal left kidney (c). A percutaneous pressure-flow study 
was performed when the patient was 7 weeks of age. (d) Right antegrade nephrostogram in the prone position. The 
pressure-flow study was negative for significant obstruction, where the peak renal pelvic pressure was only 
5 cmH,0O, well below the upper limit of normal of 14 cmH,O, under both furosemide-induced diuresis and a supra- 
physiologic infusion rate of 200%. Despite significant cortical thinning and pelvicaliectasis, the patient was managed 
with an observational approach in view of the negative pressure-flow study. From his initial right differential renal 
function of 30%, it spontaneously improved to 52% 1 year later, and further increased to 58% at his 2-year follow- 
up. lt is unclear why his differential renal function increased to beyond 50%, but nevertheless the initial negative 
pressure-flow study appeared to be reliable in excluding significant UPJ obstruction. 


venous furosemide to challenge the collecting system pressure changes as urine flow increases, whereas 
with a diuresis. However, the key parameters assessed diuretic nuclear renography measures the washout 
by the two studies are fundamentally different: the ty semiquantitative measure of the rate of flow of 


diuresis pressure-flow study examines renal pelvic urine across the suspected site of obstruction. When 
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Diuresis pressure—flow study 
Peak renal pelvic pressure (cmH20) 


Figure 29.6 Correlation graph depicting diuretic nuclear renal scan t,,. against peak renal pelvic pressure recorded 
during diuresis pressure-flow studies. Whereas the basic protocols of the two forms of test appear similar, includ- 
ing similar intravenous hydration, furosemide administration, and the use of a bladder catheter, the results of the 
two tests have little correlation with each other, and these two variables are essentially independent of each other. 


we studied 46 hydronephrotic kidneys with both the 
diuresis pressure-flow study and diuretic nuclear 
renography, it was found that renal pelvic pressure 
alterations had little correlation with the washout t D 
and that these two variables were essentially indepen- 
dent of each other (Figure 29.6). Some of the kidneys 
examined in this study showed evidence of significant 
obstruction, with markedly increased collecting 
system pressure on the diuresis pressure-flow study, 
yet the washout ż} „ was normal. Conversely, some of 
the kidneys examined showed no evidence of signifi- 
cant obstruction, with normal renal pelvic pressure 
throughout, yet the washout +, was grossly elevated. 
A similar disparity between washout curve results and 
infusion pressure—flow study results was reported by 
Dacher et al;!5 however, those results that did not 
correlate were mostly from a specific group of post- 
operative patients with severely dilated collecting sys- 
tems. 


Resistance can be assessed only if both pressure and 
flow parameters are simultaneously taken into 
account. These differences observed between the 
washout ¢, 2 and the diuresis pressure—-flow study 
results support the concept that these parameters do 
not measure the same variables: namely, the washout 
ty) provides a semiquantitative measure of flow 
across the suspected site of obstruction, whereas the 
pressure-flow study result reflects the resistance 
within the collecting system being tested. Further 
studies and long-term clinical follow-up will be 
required to clarify the clinical significance of these dif- 
ferences. 


Fluoroscopic monitoring and ureteral 
opening pressure 


At the beginning of a pressure—flow study, it is help- 
ful to instill contrast into the renal pelvis to verify 
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Figure 29.7 Ureteral opening pressure is defined as the pressure at which antegrade contrast is first seen distal to 
the suspected site of obstruction. In this 4-year-old boy with left hydronephrosis, no contrast was seen to enter the 
ureter ((a) left antegrade nephrostogram in the prone position) until his left renal pelvic pressure reached 17 cmH,O 
(b). His ureteral opening pressure of 17 cmH,0O is compatible with significant ureteropelvic junction (UPJ) obstruction. 


proper positioning of the nephrostomy access. Before 
the instillation of contrast, however, an equivalent 
volume of urine should first be aspirated out, so that 
the baseline pressure dynamics of the renal pelvis 
remain essentially unchanged. With contrast present 
in the renal pelvis, it has the added advantage that 
subsequent renal pelvic pressure changes can then be 
correlated with dynamic anatomic alterations seen by 
periodic fluoroscopic monitoring. For example, the 
pressure at which antegrade contrast is first seen distal 
to the suspected site of obstruction can be measured. 
This parameter is defined as the ureteral opening pres- 
sure! (Figure 29.7). In our study of 52 renal units in 
43 patients, positive (obstructed) ureteral opening 


pressures (>14 cmH,O) had a 100% association 
with a positive individualized infusion pressure—flow 
study. When the ureteral opening pressure was nega- 
tive (<14 cmH,0), however, it was predictive of a 
negative individualized infusion pressure—flow study 
in only 57%.1¢ 

Antegrade infusion of contrast media also delin- 
eates the anatomic site of obstruction, and defines the 
ureter distal to the site of obstruction, which is useful 
in surgical planning (Figure 29.8). 

Finally, fluoroscopic monitoring may be helpful in 
assessing patients with intermittent obstruction sec- 
ondary to kinking of the ureteropelvic junction 
(UPJ). On initial infusion, the drainage may be rela- 
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Figure 29.8 Antegrade infusion of contrast media can 
be an effective tool for delineating the anatomic site of 
obstruction. (a) In this 10-year-old girl, a partial ureteral 
duplication is well visualized with percutaneous 
nephrostomy access established to the lower moiety 
only. (b) Possible anomalies at the ureteropelvic junc- 
tion (UPJ). (c) Possible anomalies at the UPJ, 
midureter, and ureterovesical can be seen in this 5.5- 
year-old boy with a history of posterior urethral valves. 
(d) Bilateral percutaneous pressure-flow studies can 
also be performed simultaneously. 
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tively efficient. As the flow rate increases, however, 
the renal pelvis becomes increasingly dilated, progres- 
sively displacing the UPJ. In intermittently obstruct- 
ing UPJs, this progressive dilation of the renal pelvis 


Figure 29.9 This 6-year-old girl was initially misdiag- 
nosed as having chronic gastrointestinal disorder 
when she presented with recurrent abdominal pain, 
nausea, and vomiting. When she underwent a percuta- 
neous pressure-flow study to evaluate her left 
hydronephrosis, contrast was seen to drain promptly 
across the ureteropelvic junction (UPJ) into the proxi- 
mal ureter early in the study (a). As the renal pelvis 
became progressively more distended, the drainage of 
contrast across the UPJ ceased entirely (b). Renal 
pelvic pressure continued to rise sharply, and the pres- 
sure-flow study was terminated at 40 cmH,O. No 
drainage of contrast was seen across the UPJ until fluid 
was aspirated out of the renal pelvis to decompress the 
grossly distended collecting system. When the renal 
pelvis dimensions returned towards their initial base- 
line, drainage across the UPJ resumed with a gush of 
contrast into the proximal ureter (c). This pattern of 
intermittent high-grade obstruction was presumed to 
be secondary to a kink at the UPJ that was accentuated 
by the renal pelvis becoming overdistended. Her recur- 
rent abdominal pain, nausea, and vomiting episodes 
(Dietl’s crisis) were successfully corrected by a dis- 
membered pyeloplasty. 


eventually causes the UPJ to kink, leading to an acute 
high-grade obstruction, with an ensuing progressive 
elevation in renal pelvic pressure. Little or no fluid 
moves through the UPJ. With cessation of infusion or 
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Table 29.2 Current percutaneous pressure-flow study protocol at University of Minnesota, Minneapolis, MN 


Patient is placed under general anesthesia with endotracheal intubation. 

With intravenous access established, antibiotic prophylaxis is given using 40 mg/kg of intravenous (i.v.) 
cefazolin up to a maximum of 1 g, provided that there is no history of allergic reaction, and hydration is 
begun with a minimum of 15 ml/kg of a crystalloid solution. 

In supine position, bladder catheter is inserted with the largest caliber catheter that the patient can accept. 
To facilitate placement of percutaneous nephrostomy needles, the bladder catheter may be plugged off at 
this stage to keep the bladder full and to maximize renal pelvic dilatation. 

The patient is turned to the prone position, and ultrasonographic examination is carried out to plan for 
nephrostomy access. 

The patient is sterilely prepared and draped. Under ultrasonographic guidance, two 22-gauge 2-inch 
angiocatheters (or other suitable catheters or needles) are inserted percutaneously into the renal pelvis to 
be examined. The bladder is emptied and the bladder catheter is connected to gravity drainage. 

To verify placement of the nephrostomy access and to establish a means to follow the progress of urine 
flow, radiographic contrast is injected into the renal pelvis via nephrostomy access. To preserve the 
baseline renal pelvic pressure dynamics, an equal volume of urine is first aspirated out before the injection 
of contrast. 


™ One of the nephrostomy accesses is capped off, and the other is connected to a pressure transducer with 


no flow going through the nephrostomy. 

The pressure transducer line is zeroed externally to the same level as the tip of the nephrostomy access 
within the renal pelvis. When connected to the nephrostomy access, the initial pressure reading 
represents the baseline renal pelvic pressure. 

Furosemide (1 mg/kg i.v., up to a maximum of 10 mg) is given to begin the diuresis pressure—flow study 
component. 

Renal pelvic pressure is continuously monitored for 30 minutes. Urine output is measured every 5 minutes 
to verify satisfactory overall response to i.v. hydration and furosemide. The peak renal pelvic pressure 
observed in this period determines whether the diuresis pressure-flow study is positive (peak renal pelvic 
pressure >14 cmH,0) for significant obstruction. 

During this 30-minute interval, fluoroscopy is used intermittently. The renal pelvic pressure at which 
radiographic contrast is first seen distal to the suspected level of obstruction constitutes the uretera/ 
opening pressure. 

If the diuresis pressure-flow study component is strongly positive for significant obstruction (peak renal 
pelvic pressure markedly above 14 cmH,0), an antegrade nephrostogram is performed to obtain the 
anatomic details necessary for guiding surgical repair, and the percutaneous pressure-flow study is 
concluded at this point. 

If the diuresis pressure—-flow study component peak renal pelvic pressure is close to or below 14 cmH,O, 
the individualized infusion pressure-flow study is performed next. The other capped-off nephrostomy 
access is connected to an infusion pump, infusing a radiographic contrast solution. The rate of infusion is 
individually calculated based on patient's age, weight, and height (see Table 29.1) or calculated based on 
the GFR of the kidney being tested, if known. 

If the resulting renal pelvic pressure is positive for significant obstruction (>14 cmH,O), an antegrade 
nephrostogram is performed to obtain the anatomic details necessary for guiding surgical repair, and the 
percutaneous pressure-flow study is concluded at this point. 

If the resulting renal pelvic pressure is negative for significant obstruction (< 14 cmH,0), a 
supraphysiologic rate of infusion is then used (150-200% of the individualized infusion rate) as a measure 
of the reserve capability of the collecting system to handle additional urine flow. 

Note: Regardless of whether the renal pelvic pressure rises above 14 cmH,0 at this point, the 
pressure-flow study is still considered negative for significant obstruction. 

If a lower tract abnormality, which causes excessively high intravesical pressure, coexists with the upper 
tract obstructive site, an initially negative study for significant obstruction (diuresis pressure-flow study) 
can be further challenged with the bladder filled to the peak naturally occurring intravesical pressure. This 
is carried out by connecting an i.v. solution drip to the bladder catheter, and the drip chamber is raised to 
a level that is the same height (in cm) as the peak intravesical pressure (in cmH,O). The desired 
intravesical pressure being simulated is reached when the drip slows to intermittent drops or stops 
altogether. The peak renal pelvic pressure recorded in this setting represents a combined effect of both 
the upper tract obstructive site and the lower tract anomaly on their corresponding upper tract 
urodynamics. 

Once all necessary urodynamic measurements have been completed, an antegrade nephrostogram is 
performed to obtain anatomic details necessary for guiding surgical repair. The renal pelvis is aspirated 
empty and the nephrostomy accesses are removed. The patient is turned back to supine position and 
awakened from anesthesia. The bladder catheter is removed once significant gross hematuria has been 
ruled out, and the patient is sufficiently awake to void. 

All patients who have percutaneous pressure-flow studies positive for significant obstruction are covered 
with oral antibiotic prophylaxis until successful surgical repairs have been achieved. 
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Figure 29.10 Schematic depiction of a typical intrarenal arterial waveform. Parameters and formula used for calcu- 
lating intrarenal resistive index (RI) are shown. (After Fung et al.4) 


diuresis, the process eventually reverses itself. This 
may require drainage from the renal pelvic nephros- 
tomy to speed up the decompression process. When 
intrapelvic volume reaches approximately the thresh- 
old at which the UPJ kinking initially occurred, the 
UPJ can be seen to suddenly open and renal pelvic 
pressure rapidly returns to normal thereafter (Figure 
29.9). 

Our current percutaneous pressure-flow study pro- 
tocol, which represents our effort in combining the 
strengths of the various components of a pressure- 
flow study as discussed above, is presented in Table 
29.2. 


Diuretic Doppler sonography and 
intrarenal resistive index 


The invasive nature of obtaining percutaneous access 
to the renal pelvis is one of the key factors preventing 
upper tract urodynamic studies from being performed 
on a more routine basis as part of the evaluation of 
hydronephrosis. Thus, it would be desirable to have a 
non-invasive method measuring parameters which 
reflect the collecting system pressure elevations in sig- 
nificantly obstructed renal units. The diuretic Doppler 
sonography study has the potential for being such a 
non-invasive study that is useful in upper tract urody- 
namic evaluations. 

Diuretic Doppler sonography is a non-invasive test 
wherein the renal unit is stressed by a pharmacologi- 
cally induced diuresis much like the diuretic pres- 
sure-flow study. Instead of monitoring renal pelvic 


pressure before and after the administration of 
furosemide, intrarenal resistive index (RI) is mea- 
sured at regular intervals during a diuretic Doppler 
sonography study.* Resistive index is calculated based 
on an arterial Doppler waveform (Figure 29.10), and 
is defined as: 


resistive index = 


peak systolic velocity — end diastolic velocity 
peak systolic velocity 


The resistive index is a measure of arterial resistance,!” 
and is usually expressed as a percentage. Intrarenal 
RIs are generally recorded from the arcuate or inter- 
lobar arteries.!8 

Initial enthusiasm for using intrarenal RI to assess 
hydronephrosis stemmed from the observation that 
obstructed kidneys tend to be associated with elevated 
intrarenal RIs.!? As obstructed kidneys are well docu- 
mented to eventually develop a compensatory 
decrease in renal blood flow, it seemed promising that 
intrarenal RI might reflect this important physiologic 
compensation. Kidneys that developed acutely rising 
renal pelvic pressure were observed to also develop a 
progressive increase in intrarenal RIs.4 This positive 
correlation suggested the possibility that instead of 
monitoring renal pelvic pressure during a relatively 
invasive diuresis pressure—flow study, intrarenal RIs 
could be monitored non-invasively instead (Figure 
29.11). 

However, using pressure—flow study results in 50 
patients as the standard, there was no discernible 
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(c) 


Left Kidney 16% 
Right Kidney 24% 
using images 2 to 3 


pattern that emerged from the diuretic Doppler sono- 
gram. The reproducibility of any given RI reading 
was found to be poor, with widely variable measure- 
ments from one reading to the next.29 

At present, there is no known diagnostic modality 
that can non-invasively and reliably demonstrate the 
changes in the upper tract urodynamics of obstructed 
as compared with normal collecting systems. 


Summary 


Prenatally detected hydronephrosis is a dynamic 
process, in which the initial presentation does not 


Figure 29.11 This male infant was diagnosed antena- 
tally to have bilateral hydronephrosis. Configuration of 
the collecting systems are as shown by intravenous 
pyelography (IVP) at 5 minutes (a), and by bilateral ret- 
rograde pyelography (6). The right kidney had a differ- 
ential renal function of 24% (c), and demonstrated a 
non-declining washout curve on furosemide nuclear 
renal scan (d) compatible with high-grade obstruction. 
The left kidney had a differential renal function of 76% 
(c) and t4/2 Of 3.2 minutes (d) compatible with normal 
non-obstructive drainage. Continued overleaf. 


necessarily correlate with the ultimate outcome. 
There is currently no standard test that is uniformly 
successful at predicting the prognosis of 
hydronephrotic kidneys, or delineating whether sur- 
gical intervention is necessary for the prevention of 
deterioration in renal function. Of the available meth- 
ods of assessment, upper tract urodynamics offers the 
most accurate, albeit more invasive, way of defining 
the mechanics of fluid handling by a hydronephrotic 
system. Of the parameters described, the resting or 
initial renal pelvic pressure, the maximum pressure 
obtained after induced diuresis, and the ureteral open- 
ing pressure appear to be of value in determining the 
resistance intrinsic to the collecting system, which in 
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Figure 29.11 Continued Resistive index (RI) of the right kidney was 0.82 (82%) (e) at baseline, but rose to 1.00 
(100%) with a complete cessation of diastolic flow after the administration of furosemide (A). 

This dramatic increase in RI is presumably due to the furosemide-induced diuresis causing an increase in renal 
arterial blood flow as reflected by the elevation in RI. Although this case illustrates how changes in RI can non-inva- 
sively reflect important alterations in a hydronephrotic kidney with significant obstruction, we subsequently found 
that there are tremendous variabilities in Rl measurements. This poor reproducibility of RI measurements renders 
the index unsuitable for reliably distinguishing non-obstructed from significantly obstructed hydronephrotic 
kidneys. 
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turn provides important information for the diagno- 
sis of obstruction. 

Not every individual who presents with 
hydronephrosis requires upper tract urodynamic 
studies. Obstruction can often be ruled out by less- 
invasive investigations, or the need to proceed to sur- 
gical relief of obstruction may be obvious. Upper 
tract urodynamic studies in the form of antegrade 
pressure-flow studies are particularly useful in those 
select patients in whom a clear diagnosis of obstruc- 
tion is not forthcoming, despite persisting or worsen- 
ing dilatation of the collecting system on anatomic 
studies, where the alternative is serial observation for 
signs of deterioration in renal function. Once deterio- 
ration in renal function is detected, subsequent treat- 
ment in correcting the obstruction in the collecting 
system may no longer be able to reverse the deterio- 
ration in renal function, but may merely stabilize it 
from further deterioration. The use of upper tract 
urodynamic studies in appropriately selected cases 
may therefore help the clinician detect and treat sig- 
nificantly obstructed kidneys, before deterioration in 
renal function occurs. 
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The surgical management of a kidney with obstruc- 
tion at the ureteropelvic junction (UPJ) has many 
nuances with respect to approach, degree of invasive- 
ness, and timing of surgery. The objectives remain the 
same: to relieve the obstruction and thus preserve or 
improve the overall renal function and to maintain 
normal development while lessening the morbidity to 
the patient and yet not compromise the surgical out- 
come. Pyeloplasties remain among the most reward- 
ing surgeries that we, as surgeons, perform. 

Once a surgeon diagnoses a UPJ obstruction, 
prompt intervention is necessary to relieve the 
obstruction, provide for appropriate drainage, and 
reduce the intrapelvic pressure and stasis that con- 
tribute to progressive renal damage. This is particu- 
larly important in the neonatal period in order to 
maximize functional renal development and increase 
the ultimate number of perfused and filtering 
nephrons.! In those kidneys where the differential 
function is less than 10%, a temporary nephrostomy 
tube or double-J stent placement may allow for dif- 
ferentiating kidneys with recoverable function from 
those with irreversible damage.” Renal biopsies may 
also be performed to identify diffuse glomerulosclero- 
sis that would indicate little chance for improved 
postpyeloplasty function.* No test, though, is reliable 
to predict renal recoverability. 


Technical points of pyeloplasty or 
simple nephrectomy 


A standard flank, anterior subcostal, or posterior 
lobotomy skin incision may be used to expose the 
kidney for pyeloplasty or nephrectomy. I recommend 
the flank approach with mobilization of the kidney 
for older patients. In older patients, the position of 
the kidney is more difficult to predict. If the incision 


is made too low or too high, the exposure may be dif- 
ficult. In the child, however, where the back muscles 
are less well developed, most pediatric urologists 
favor an anterior extraperitoneal approach or a dorsal 
lumbotomy incision. The anterior extraperitoneal 
approach is perfomed as follows. A subcostal incision 
is made after the patient is placed supine, with a roll 
placed transversely beneath the patient to elevate the 
flank (Figure 30.1). An incision is made from the 
edge of the rectus muscle to just below the tip of the 
12th rib. An intraoperative retrograde pyelogram 
allows one to identify precisely the position of the 
UPJ and aids in the placement of the incision. Each 
muscle layer encountered is split in the direction of 
the muscle fibers until the surgeon defines Gerota’s 
fascia by sweeping the peritoneum medially. The 
fascia is then incised posterior to the lateral aspect of 
the kidney. The renal pelvis is identified by medial 


Figure 30.1 Appropriate positioning of a patient for a 
left anterior subcostal incision. The tip of the 11th and 
12th ribs have been outlined and a 4 cm incision has 
been drawn. 
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retraction of the peritoneum and lateral traction of 
the kidney. If the pelvis is dilated, an angiocath can be 
inserted to decompress the pelvis and facilitate identi- 
fication of the UPJ. 

I tend to use the lumbotomy approach in infants 
and younger children. A transverse skin incision, 
which follows Langer’s lines to avoid postoperative 
spreading of the scar, is made with subsequent mobi- 
lization of the skin before a vertical incision through 
the lumbodorsal fascia allows the surgeon direct 
access to the renal pelvis. I try not to move the kidney 
too much (Figure 30.2). 

The closure is in one layer, which shortens opera- 
tive time. In the case of bilateral UPJ obstruction, the 
surgeon may approach both sides without reposition- 
ing the patient. The lumbotomy approach is con- 
traindicated if one is dealing with an incompletely 
rotated anterior renal pelvis. If there is an anomaly of 
position, the surgeon must locate the position of the 


Figure 30.2 Appropriate positioning of a patient for the 
left posterior lumbotomy approach. A curvilinear inci- 
sion is marked, which can be used, or a transverse skin 
incision can be employed. 


UPJ before planning the incision. If the obstructed 
pelvis is mostly intrarenal, small or high, then a lum- 
botomy approach may be more difficult. In addition, 
muscular patients with a steep angle between the 
spine and the 12th rib may also present difficulties 
with exposure of a small or high pelvis. If caught 
unprepared with a particularly superior renal pelvis, 
the 12th rib can be disarticulated and rotated cranially 
to improve exposure, but in these cases I usually favor 
an anterior approach. 

The flank approach is another option. The child is 
placed over the kidney rest in a flank position; the 
kidney rest is elevated and the operating room table is 
flexed. The incision is made anterior to the tip of the 
12th rib, or if necessary, a supracostal 12th rib inci- 
sion is made. Both the external oblique and latissimus 
dorsi muscles are divided. Next, the internal oblique 
and serratus posterior inferior muscles are divided. A 
transversalis muscle is often thin and can be separated 
with digital dissection. The peritoneum is identified 
and retracted medially. Gerota’s fascia is then encoun- 
tered and opened longitudinally to gain exposure to 
the perinephric space. Following identification of the 
renal pelvis and the ureter, the pyeloplasty is per- 
formed. 

In a redo pyeloplasty, the anterior transperitoneal 
approach is preferred. Once the colon is reflected, the 
anatomy can be rapidly identified and damage to the 
ureter, renal pelvis, or renal vessels can be avoided by 
exploring a scarred retroperitoneum through a poste- 
rior approach to the kidney. 

In the situation of a simple nephrectomy to remove 
a multicystic dysplastic kidney, any of the above- 
described approaches is applicable. If a small incision 
is utilized, decompression of the largest cysts will 
optimize exposure and allow for improved visualiza- 
tion of the renal hilum. Invariably the renal vascula- 
ture is atretic in most situations, but careful dissection 
will avoid meddlesome bleeding. Bipolar cautery can 
be advantageous for such a dissection. 


Surgical repair 


The successful pyeloplasty depends on a carefully 
designed anastomosis with care taken to ensure that 
the ureter and pelvis will lie in a normal anatomic 
position at the completion of the pyeloplasty. In the 
past, surgeons have described various techniques to 
repair the UPJ, with open approaches being divided 
into three main groups: the flap type, the incisional- 
intubated type, and the dismembered type. The 
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Figure 30.3 Foley Y-V plasty. 


Figure 30.4 Culp—-DeWeerd spiral flap ureteropelvioplasty. 


incisional techniques included incision through the 
strictured area with healing over a stent. This 
approach is no longer used with open repair. The 
older flap techniques maintained the continuity of the 
ureter and pelvis and included the Foley Y—V plasty 
and the Culp spiral flap. The Foley operation was 
designed for the correction of UPJ with a high 
ureteral insertion (Figure 30.3).° This technique 
cannot be used in conjunction with transposition of a 
lower pole vessel, nor does it allow for any reduction 
of the renal pelvis. If this redundant pelvis remains at 
the completion of the pyeloplasty, then a fixed kink 
with resultant obstruction may persist. Culp and 
DeWeerd’s spiral flap is created from the renal pelvis, 
which is then used to repair the defect at the UPJ. 
Such a flap is able to bridge the gap between the 
pelvis and healthy ureter over a distance of several 
centimeters (Figure 30.4).° Scardino and Prince” 
used a vertical flap that was designed in a situation of 


a dependent UPJ with a large, square-shaped 
extrarenal pelvis (Figure 30.5). 

The approach of dismembering the ureter was born 
out of necessity in the repair of a retrocaval ureter 
(Figure 30.6).? This technique was slow to gain pop- 
ularity because of the reluctance of surgeons to sever 
the apparent neural continuity between pelvis and 
ureter. Experimental work demonstrated that the 
arborization of blood vessels in the renal pelvis would 
ensure appropriate healing even with dismembering. 
Despite the theoretical risk of poor coordination of 
peristalsis across the incised and reconstructed UPJ, 
the reconstructed pelvis empties well following suc- 
cessful dismembered pyeloplasty. 

The renal pelvis and upper ureter must be carefully 
handled to maintain the integrity of the blood supply. 
The tissues surrounding the ureter should not be 
trimmed or separated from the ureter. Placement of 
several traction sutures in the renal pelvis and the 


482 Clinical pediatric urology 


Left kidney 


Possible 
excision of 
redundant 
pelvis 


(a) i ureteral 
i catheter 


Figure 30.5 Scardino-Prince vertical flap pyeloureteroplasty. (a) The length of the pelvic flap (1) should adequately 
traverse the segment of ureteral obstruction (2). (b) A pyelotomy incision is made in the lower pelvis along the 
medial border of the proposed pelvic flap incision. A 6 Fr catheter is used to cannulate the ureter and the tip of a 
#12 blade is inserted into the catheter. The catheter acts as a guide to make a clean, precise ureterotomy incision. 
(c) A 5-0 Prolene (Ethicon, Inc.) suture is placed within the ureteral wall at the lower angle of the ureterotomy. A 
rounded pelvic flap is fashioned and a second traction suture is placed in the tip of the flap. A 7-0 Maxon 
(Davis-Geck, Inc.) or comparable suture is used to sew the medial margin of the flap to the lateral ureteral margin. 
The mucosa margins should be identified for accurate approximation. (Adapted from Schaeffer and Grayhack.®) (d) 
The tip of the flap (c) is carefully sutured into the lower angle of the uterostomy (b). Any redundant pelvis may be 
excised and the anterior margins reapproximated (b and c, a and a). 


Figure 30.6 Anderson—Hynes dismembered pyeloplasty. (a) Two options: pelvis may be reduced in size or not. 
(b) and (c) Anastomosis alone is performed. (d) A reduction pyeloplasty is included. 


anterior aspect of the ureter facilitates this dissection segment. A fine pair of forceps will open the ureteral 
and minimizes the handling of the tissues. We then lumen as the ureter is divided using a straight pair of 
open the ureter opposite the traction suture distally Pott’s scissors. The forceps should spring apart once 


into the healthy tissue just below the poorly peristaltic the scissors meet the healthy ureter distal to the 
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obstructing segment. Bleeding from the cut edge of 
the urothelium, which is usually diminished in the 
region of the obstructed segment, will be brisk when 
the normal urothelium is opened distal to the obstruc- 
tion. As long as the renal pelvis is not reconstructed 
before examination of the ureter, if the aperistaltic 
segment is unusually long, a flap can be fashioned 
from the pelvis to help bridge a discontinuity between 
renal pelvis and distal ureter that may be created with 
removal of a long ureteral segment. A ventral rota- 
tional flap from the lower portion of the pelvis can be 
used to bridge a gap of 2-3 cm: more if the kidney is 
mobilized. Reduction of the renal pelvis is completed 
before beginning the anastomosis. Prior to the anas- 
tomosis, the interior of the renal pelvis should be 
inspected to precisely identify the anatomy of the 
renal pelvis and its relationship to the lower pole 
infundibula. In some cases, a very dilated pelvis may 
be associated with dilated, extrarenal infundibula. In 
these cases, it is possible to unknowingly create the 
ureteral pelvic anastomosis in such a manner that the 
lower pole infundibulum, rather than the renal pelvis, 
is anastomosed to the ureter. If this occurs, the upper 
portions of the collecting system will be bypassed and 
will fail to drain. If an infundibulum is divided, a 
Heineke—Mikulicz advancement can satisfactorily pre- 
vent this complication. In the face of aberrant lower 
pole vessels that contribute to the UPJ obstruction, 
the appropriate repair is to divide the ureter below the 
UPJ and perform a standard dismembered pyelo- 
plasty with reconstruction of the UPJ anterior to the 
offending vessel or vessels. 


Tissue handling, sutures, and stenting 


The judicious use of traction sutures allows for mini- 
mal handling of the pelvis and ureter. The more the 
surgeon handles (or mishandles) the tissue, the more 
postoperative edema will result. Without the use of 
urinary diversion, attention to atraumatic handling of 
the tissues becomes critical. In mobilizing the pelvis, 
similar care is required. An avascular plane is usually 
located outside the intrinsic blood supply of the 
pelvis, unless there has been significant preoperative 
infection or extravasation of urine around the kidney 
that makes mobilization of the pelvis more difficult. 
Monofilament absorbable suture is preferable for 
performing a dismembered pyeloplasty. I prefer 7—0 
Maxon suture (Davis—Geck, Inc.) for the majority of 
children, regardless of age. Construction of the anas- 
tomosis begins at the apex, with meticulous place- 


ment of sutures allowing for eversion of the mucosal 
edges and a watertight anastomosis. Some surgeons 
prefer interrupted sutures to prevent reduction of the 
anastomotic diameter; others employ a running clo- 
sure. Before completing the anastomosis, it is helpful 
to place a small angiocath or feeding tube in the renal 
pelvis to irrigate the reconstructed pelvis free from 
clotted blood. 

Antegrade placement of a double-J stent is fraught 
with hazard, particularly in infants. It is safe for the 
surgeon to place a small feeding tube several centime- 
ters below the anastomosis. If the tube is advanced to 
or through the intramural portion of the ureter how- 
ever, the catheter may traumatize the ureterovesical 
junction and raise a mucosal flap that can lead to a 
permanent obstruction requiring redo surgery. !° 
Either preoperative retrograde pyelography or ante- 
grade visualization of the ureter with placement of the 
catheter over a wire under fluoroscopic guidance may 
help prevent this complication.!? 

Surgeons continue to debate the use of internal 
stenting versus the use of nephrostomy tubes. A rou- 
tine dismembered pyeloplasty with minimal handling 
of the tissues may not warrant the placement of either 
nephrostomy tube or internal stent. Advances in 
instrumentation, sutures, and technique have enabled 
the construction of such a satisfactory anastomosis 
that even if transient leakage from the anastomosis 
occurs after surgery, a very satisfactory outcome is 
likely. A Penrose drain left in the proximity of the 
anastomosis to ensure that a perinephric urinoma 
does not occur is required in these cases. A child with 
persistent drainage from the Penrose drain can be dis- 
charged from the hospital with the drain still in place. 
For the most part, however, drainage gradually ceases 
after the first few days following surgery, and then the 
Penrose drain can be safely removed. 

The routine use of a nephrostomy tube is a very 
safe approach, with few complications.!? Selective use 
of a nephrostomy tube, particularly in the child with 
a solitary or poorly functioning kidney or a very small 
infant where the ureter may be not nearly as robust as 
in a toddler, is usually preferable. The nephrostomy 
tube not only prevents high renal pelvic pressures if 
there is transient edema at the anastomosis but also 
provides access for radiographic studies before 
removal of the tube. 

In a redo pyeloplasty, scarred urothelial tissue may 
result in greater difficulty when performing a water- 
tight anastomosis. For this reason, I recommend a 
nephrostomy tube along with a small silastic stent 
across the anastomosis for 3-5 days following 
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Figure 30.7 A MAG3 lasix renogram demonstrating 
normal right upper pole perfusion and excretion with 
delayed uptake and excretion to lower pole, consistent 
with lower pole UPJ obstruction. 


surgery. I remove the stent before the nephrostomy 
tube so that a subsequent nephrostogram can be per- 
formed to ensure that the anastomosis is patent before 
removal of the tube. 


Ureteropelvic obstruction in a duplex 
kidney 


A UPJ obstruction can occur in a duplex kidney. 
Although the obstruction can occur in either the 
upper or the lower pole, because the lower pole is 
nearly always dominant and associated with the renal 
pelvis, in practice the UPJ obstruction is nearly always 
encountered in the lower pole system. When this 
occurs, hydronephrosis is noted in the lower pole of a 
kidney on ultrasound, or a diuretic renogram shows a 
small, non-obstructed upper pole segment (Figure 
30.7). 

The anatomy of the duplication of the ureter dic- 
tates the type of procedure required. If the ureter is 
incompletely bifid and there is a long lower pole 
ureteral segment, then a standard dismembered 
pyeloplasty is appropriate. However, more com- 
monly, a high bifurcation of the ureter is present and 
the segment of the lower pole ureter distal to the 
obstruction may not be long enough to permit direct 
ureteropyelostomy. In this situation, the renal pelvis 
is anastomosed to the side of the upper pole ureter 
(Figure 30.8). The lower pole ureter may be opened 
with an incision that runs through the bifurcation 
with the upper pole ureter. The anastomosis is the 
same as for a single-system kidney except that an apex 
is present at either end of the lower pole pelvis. Metic- 


Figure 30.8 Anatomy of right lower pole UPJ obstruc- 
tion with atretic lower pole ureter. An end-to-side anas- 
tomosis between the lower pole renal pelvis and upper 
pole ureter is favored. 


ulous care with the suture placement at the apices is 
important because the anastomosis will be narrow at 
these two points. If the anastomotic sutures are 
placed in discordant positions, the lumen at either 
apex will be narrowed, resulting in surgical failure. 


Ureterocalicostomy 


In redo surgery, or in cases where the pelvis is 
intrarenal, or the relative length of the obstructed 
ureteral segment to the renal pelvis is unusually long, 
or if there is an unusually small intrarenal pelvis, the 
proximal ureter distal to the obstruction may be anas- 
tomosed to a dependent lower pole calyx instead of to 
the renal pelvis. Success depends upon amputation of 
an adequate portion of the renal parenchyma in order 
to facilitate the anastomosis between the calyx and the 
ureter. This procedure is therefore best suited for kid- 
neys with a large, dilated lower pole calyx with over- 
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Figure 30.9 Ureterocalicostomy of a kidney with an intra-renal pelvis and preserved lower pole parenchyma (a) 
lower pole arterial supply is ligated; (b) the lower pole is resected exposing dependent calyx; (c) anastomosis of 


ureter to calyx is accomplished without tension. 


lying parenchymal thinning. The calyx must be par- 
tially mobilized to create a tension-free, urothelium- 
to-urothelium anastomosis (Figure 30.9). There 
should be no remaining renal cortex at or below the 
level of the repair. Redundant renal capsule, omen- 
tum, or perinephric fat can then be used to cover the 
repair to minimize postoperative scarring. I recom- 
mend stenting of the anastomosis with a double pig- 
tail stent or nephroureteral stent in addition to a 
Penrose drain. 1° 


Outcome 


Adherence to sound surgical principles, minimal han- 
dling of the ureter at the time of the repair, and judi- 
cious use of internal stenting or nephrostomy tube 
drainage may all help to ensure a successful outcome. 
I have found that the use of bipolar cautery is useful, 
particularly around the renal hilum where the blood 
supply may be suspect. 

Postoperative imaging of the kidney depends on 
whether a nephrostomy tube or an internal double-J 
stent has been used. A nephrostogram performed 
10-14 days after surgery allows for visualization of 
the anastomosis. If a double pigtail ureteral stent is 
left indwelling, it is removed 2—6 weeks after the ini- 
tial procedure. A renal ultrasound is obtained 6-8 
weeks after pyeloplasty or following stent removal to 
ensure that the hydronephrosis (pelvicaliectasis) is 
improving. An overall decrease in the degree of pelvi- 


caliectasis over time is a good indication that the 
obstruction has been relieved. Long-term imaging at 
3 years may be carried out to look for the rare situa- 
tion of delayed scarring and narrowing of the UPJ. 
Modern open repairs can be performed with an over- 
all success rate exceeding 97%.14 


References 


l. Chevalier RL, El Dahr S. The case for early relief of 
obstruction in young infants. In: King LR, ed. Urologi- 
cal Surgery in Neonates and Young Infants. Philadelphia: 
WB Saunders, 1988: 95-118. 

2. Ransley P, Manzoni GA. Extended role of DTPA in 
assessing function and UPJ obstruction in neonates. 
Dialog Pediatr Urol 1995;8:16. 

3. Heloury Y, Schmitt P, Allouch G, Gruner M, Brueziere 
JT. Treatment of neonatal hydronephrosis by malforma- 
tion of the ureteropelvic junction: interest of percuta- 
neous nephrostomy. Eur Urol 1986; 12(4):224-9. 

4. Zhang PL, Peters CA, Rosen S. Ureteropelvic junction 
obstruction: morphological and clinical studies. Pediatr 
Nephrol 2000; 14:820-6. 

5. Foley FEB. New plastic operation for stricture at the 
ureteropelvic junction. J Urol 1937; 38:643-7. 

6. Culp OS, DeWeerd JH. A pelvic flap operation for cer- 
tain types of ureteropelvic obstruction: preliminary 
report. Mayo Clin Proc 1951; 26:483-8. 

7. Scardino PL, Prince CL. Vertical flap ureteropelvioplasty: 
preliminary report. South Med J 1953; 46:325-31. 

8. Schaeffer AJ, Grayhack JT. Surgical management of 
uteropelvic junction obstruction. In: Walsh PC, Stamey 
TA, eds. Campbell’s Urology, 5th edn. Philadelphia: WB 
Saunders, 1986. 


486 


Clinical pediatric urology 


10. 


Il. 


Anderson JC, Hynes W. Retrocaval ureter: a case diag- 
nosed preoperatively and treated successfully by a plastic 
operation. Br J Urol 1949; 21:209-12. 

Cserni T, Jozsa T, Csizy I et al. The danger of intraoper- 
ative antegrade cannulation of the ureter in infancy and 
early childhood. J Urol 2005; 173(3):967-8. 

Duel BP, Vates TS, Heiser D, Barthold JS, Gonzalez R. 
Antegrade pyelography before pyeloplasty via dorsal 
lumbar incision. J Urol 1999; 162:174—6. 


12. 


13. 


14. 


Austin PF, Cain MP, Rink RC. Nephrostomy tube 
drainage with pyeloplasty: is it necessarily a bad choice? J 
Urol 2000; 163(5):1528-30. 

Matlaga BR, Shah OD, Singh D, Streem SB, Assimos 
DG. Ureterocalicostomy: a contemporary experience. 
Urology 2005; 65(1):42-4. 

Lim DJ, Walker RD 3rd. Management of the failed 
pyeloplasty. J Urol 1996; 156:738—40. 


Laparoscopic nephrectomy and 


pyeloplasty 


Alaa El-Ghoneimi 


For decades pediatric urologists have been perform- 
ing laparoscopy for non-palpable testis. The passage 
from diagnostic to therapeutic indications has been a 
long and hesitating procedure for pediatric urologists. 
During the 1990s laparoscopic renal surgery was lim- 
ited to ablative indications and was used only in a lim- 
ited number of centers. In the early experience of the 
procedure, the indications for laparoscopy in pediatric 
urology were unclear and unproven compared with 
the advantages of open procedures. It is only in the 
last several years that laparoscopy has been considered 
an essential part of the armamentarium of pediatric 
urologists. 

This chapter will address first the established tech- 
nique of laparoscopic nephrectomy and secondly the 
developing and more challenging laparoscopic pyelo- 


plasty. 


Laparoscopic nephrectomy 


The first laparoscopic nephrectomy in adults was 
reported in 1991 by Clayman et al,! and 1 year later 
Ehrlich et al? reported their first series of pediatric 
cases. Since then, many authors have reported suc- 
cessful results of nephrectomy and nephroureterec- 
tomy in pediatrics, all advocating the transperitoneal 
approach.*4 Roberts? suggested the retroperitoneal 
approach to the kidney in 1976, reporting his experi- 
ence with retroperitoneal endoscopy with gas insuf- 
Retroperitoneal operative 
laparoscopy was described for the first time by Gaur® 
in 1992 and then by others in adult and pediatric 
urology. 79 The application of retroperitoneal laparo- 
scopic renal surgery in adults has increased,!!! and 
the technique has been adapted by pediatric surgeons 


and its use for pediatric patients is also expand- 
ing, 912-15 


flation in animals. 
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Most nephrectomies in children are performed for 
non-functioning kidneys secondary to obstructive 
uropathy, reflux, or ectopic implantation of the 
ureter. The laparoscopic approach is excellent for 
most of these cases. 12-16 

Currently, malignant renal tumors in children are 
not considered for laparoscopy. The most common 
renal tumor in children is nephroblastoma. These 
tumors are of large size, frequently extending outside 
the kidney, and with high risk of rupture during dis- 
section. Indications for nephrectomy in children are 
mainly for non-functioning kidneys secondary to 
obstructive uropathy or reflux. Although, laparo- 
scopic nephrectomy for multicystic dysplastic kidney 
(MCDK) is an easy and safe procedure, the indica- 
tions for nephrectomy are still debatable: the accept- 
able indications are increasing size of cysts or 
complications of hypertension or infection, both of 
which are unusual.!7 

Nephrectomy may be indicated in children with 
end-stage renal disease before transplantation when 
the primary renal disease is associated with hyperten- 
sion, severe nephrotic syndrome, or severe hemolytic 
uremic syndrome. During open surgery in these chil- 
dren, a large incision is necessary to control the renal 
pedicle and to extract a large kidney, and therefore the 
laparoscopic approach is particularly advantageous for 
this population.!® In a few cases of severe congenital 
nephrotic syndrome, simultaneous bilateral nephrec- 
tomy is indicated early in life. In our experience with 
13 simultaneous bilateral nephrectomies using a lat- 
eral retroperitoneal approach, 7 patients were under 1 
year of age.!° To avoid positioning the patient twice 
for bilateral nephrectomy, the procedure can also be 
performed through a posterior retroperitoneal 
approach, with the child positioned prone.?° In this 
specific group of pretransplant nephrectomy patients, 
a bag is recommended to retrieve the kidney, to 
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Figure 31.1 Patient positioning for right retroperitoneal laparoscopic renal surgery. The patient is placed lateral, with 
sufficient flexion of the operating table so as to expose the area of trocar placement (a), between the last rib and the 
iliac crest; for younger children, as shown, a lumbar support is sufficient for the exposure (b). The child is wrapped 
by two adhesive bands, one at the greater trochanter level and the other on the chest to keep the child at a per- 
pendicular angle to the table. The surgeon, assistant, and scrub nurse are all behind the child. The front of the child 
is left free for the monitor, which is placed cranial while doing the kidney dissection and caudal to proceed for the 
distal ureterectomy. Retroperitoneal access is achieved through the first incision (1), 15-20 mm in length, and one 
finger width from the lower border of the tip of the 12th rib. A second trocar (2) is inserted posteriorly in the cos- 
tovertebral angle. The third trocar (3) is inserted, in the anterior axillary line, a finger width from the top of the iliac 


crest. 


reduce postoperative retroperitoneal adhesions. These 
adhesions were noted during renal transplantation in 
children who underwent kidney fragmentation during 
extraction without a bag.!? Recently, Zuniga et al 
reported the first case of transperitoneal bilateral 
nephrectomy in a young child aged 6 months. This 
option has the advantages of limiting the number of 
trocars and of also being able to deal with large kid- 
neys in small children.?! 

Nephrectomy for xanthogranulomatous pyelo- 
nephritis is a challenging procedure because of the 
perirenal adhesions to the great vessels and to the sur- 
rounding viscera. Halachmi et al suggested the sub- 
capsular dissection of the upper part of the kidney to 
avoid lesions to the duodenum and the adrenals on 
the right side.?? 


Renal access 


The kidney can be accessed by a retroperitoneal or a 
transperitoneal approach. 


Retroperitoneal access 
Lateral approach 


The patient is placed lateral, with sufficient flexion of 
the operating table so as to expose the area of trocar 


placement, between the last rib and the iliac crest 
(Figure 31.1). In infants and young children (under 6 
years), our preference is to use lumber padding to lat- 
erally flex the patient without flexing the operating 
table. Retroperitoneal access is achieved through the 
first incision, 15-20 mm in length, and one finger 
width from the lower border of the tip of the 12th rib 
(see Figure 31.1b). The use of narrow retractors with 
long blades allows a deep dissection despite a short 
incision. Gerota’s fascia is approached by a muscle- 
splitting blunt dissection; it is then opened under 
direct vision, and the first blunt trocar (5 or 10 mm) 
is introduced directly inside the opened Gerota’s 
fascia (Figure 31.2). A working space is created by 
gas insufflation dissection, and the first trocar is fixed 
with a purse-string suture that is applied around the 
deep fascia to ensure an airtight seal and to allow trac- 
tion on the main trocar if needed to increase the 
working space. We prefer this type of fixation to the 
disposable self-retaining trocar, which we find to be 
relatively large and interfering with the mobility of 
instruments. A second trocar (5 mm) is inserted pos- 
teriorly in the costovertebral angle, in front of the 
lumbosacral muscle. A third trocar (5mm) is 
inserted, in the anterior axillary line, a finger width 
from the top of the iliac crest. To avoid transperi- 
toneal insertion of this trocar, the working space is 
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Figure 31.2 Gerota’s fascia is approached by a muscle- 
splitting blunt dissection; it is then opened under direct 
vision, and the first blunt trocar is introduced directly 
inside the opened Gerota’s fascia to start insufflation 
without the need for a balloon to create the working 
space. The psoas muscle is the landmark after opening 
the Gerota’s fascia; it must remain on the bottom of the 
screen during surgery. 


fully developed and the deep surface of the anterior 
wall muscles is identified before trocar insertion. 
Insufflation pressure does not exceed 12 mmHg, and 
the CO, flow rate is progressively increased from 1 to 
3 L/min. Access to the retroperitoneum and creation 
of the working space are the keys to success in 
retroperitoneal renal surgery. Age is not a limiting 
factor for this approach. Young children have less fat 
and the access is easier; our youngest child was 3 
weeks old. 


Prone posterior approach 


The access begins with an incision in the costoverte- 
bral angle at the edge of the paraspinous muscles. The 
secondary trocars are placed just above the iliac crest, 
one medially at the edge of the paraspinous muscles, 
and one laterally at the posterior clavicular line.?’ In a 
randomized prospective study on 36 complete and 19 
partial nephrectomies, Borzi?* compared the lateral to 
the posterior retroperitoneal approach in children. 
There was no significant difference in the operative 
time. 

The author’s preference is for the lateral approach; 
it permits any type of renal surgery at any age, with 
good exposure to the distal ureter. 


Figure 31.3 Patient positioning and trocar placement 
for transperitoneal laparoscopic renal surgery. The 
child is positioned with the surgeon standing in front of 
the abdomen (a) (opposite side of the kidney). The first 
port, for the laparoscope, is inserted under vision 
through the umbilicus. The two operating ports are 
inserted in the midline line above and below the 
umbilicus (6). A fourth trocar may be placed in the mid- 
clavicular line, if needed for exposure. 


Other techniques to access the retroperitoneal 
space 


Since the description by Gaur,® balloon dissection has 
been the method applied by most urologists. Disad- 
vantages of the balloon are the cost of the disposable 
material and the possible complications related to 
rupture of the balloon.”° On the other hand, balloon 
dissection allows creating a working space without 
opening Gerota’s fascia, which is important for radi- 
cal removal of malignant tumors in adults. 
Capolicchio et al?ć described a modification of lat- 
eral access. They recommend the insertion of the first 
trocar through the costovertebral angle. This modifi- 
cation helped them to avoid an accidental peritoneal 
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tear during access through the first lateral incision, 
and also allowed a smaller incision for the laparo- 
scope. 

Micali et al?” reported the use of the Visiport visual 
trocar to access retroperitoneal space directly, which 
was originally described by Kavoussi. The advantage 
of this method is the possibility of using a small inci- 
sion for the first trocar, which is helpful in recon- 
structive surgery but not in ablative surgery as the first 
incision is needed for organ retrieval. 


Transperitoneal access 


Several options exist in terms of patient positioning. 
The most frequently described is the flank position.”# 
The pneumoperitoneum is created through an open 
umbilical approach. The child is positioned with the 
surgeon standing in front of the abdomen (opposite 
side of the kidney) (Figure 31.3a). The most frequent 
configuration has been with the umbilical port and 
two operating ports in the midline above and below 
the umbilicus (Figure 31.3b). A fourth trocar may be 
placed in the mid-clavicular line, if needed for expo- 
sure. The kidney is exposed by medial mobilization of 
the colon. 


Nephrectomy by lateral retroperitoneal 
approach 


The landmarks of the retroperitoneal space are first 
identified in order to be oriented with the retroperi- 
toneal exposure. The psoas muscle is the posterior 
landmark, and should remain in the bottom of the 
screen. The kidney remains attached anteriorly to the 
peritoneum, and should remain upward on the 
screen. The renal pedicle is identified and approached 
posteriorly (Figure 31.4); it is dissected close to the 
junction with the aorta and vena cava, to avoid multi- 
ple ligations of branches of the renal vessels. On the 
left side, the vein is ligated distal to the genital and 
adrenal branches. On the right side, the vein is short 
and a careful dissection at its junction with the vena 
cava will avoid confusion with dissecting the vena 
cava. After dissecting the renal artery, and then the 
vein, the vessels are clipped, ligated, or coagulated. 
The choice of method depends on the vessel diameter 
and the surgeon’s experience. In general, small arter- 
ies of MCDK can be coagulated using bipolar cautery 
or the harmonic scalpel, whereas the most common 
method is to double ligate the artery proximally by 
two clips and distally by one. The vein is generally 
clipped in the same way. If the diameter is longer than 
the length of the clip, the vein is first ligated by 


Figure 31.4 Retroperitoneal exposure and ligature of 
the renal pedicle. The landmarks of the retroperitoneal 
space are first identified in order to be oriented with 
the retroperitoneal exposure. The kidney (K) remains 
attached anteriorly to the peritoneum, and should 
remain upward on the screen. The renal pedicle is 
identified and approached posteriorly. In this picture, 
the artery is already ligated and sectioned. The left 
renal vein (RV) is dissected to identify the adrenal (Ad 
V) and the genital (Gen V) veins. 


resorbable intracorporeal knot; the diameter is thus 
reduced, and the ligature is secured by juxtaposed 
clips. The use of staples, as described in adult nephrec- 
tomy, needs a 12 mm port and is not required for 
smaller pediatric patients. The ureter is then identified 
and dissected as far as necessary. In the absence of 
reflux, the ureter is coagulated and divided at the 
lumbar level (especially in pretransplant nephrec- 
tomy, the native ureter might be used for the trans- 
plantation). In the presence of reflux, the dissection is 
followed distally, the vas deferens is identified in 
males, and the ureter is ligated as close as possible to 
the ureterovesical junction. During this distal dissec- 
tion, the surgeon moves towards the head of the 
child, and the screen goes towards the feet of the 
child. Early in our experience, we were using a fourth 
trocar to dissect and ligate the distal ureter.!? Cur- 
rently, we use an endoloop, or, if the ureter is large, a 
transparietal suture, to fix the ureter to the abdominal 
wall to facilitate its distal dissection and ligation. A 
fourth trocar is still used if the dissection is not suffi- 
ciently close to the bladder, and it is inserted at the 
edge of the lumbosacral muscle close to the iliac crest. 
As the peritoneum is very close to the ureter in this 
distal part, its dissection is left at the end of the pro- 
cedure to avoid an early peritoneal tear. 
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Figure 31.5 Kidney retrieval after retroperitoneal nephrectomy. The kidney can be extracted either directly through 
the main incision or inside an endoscopic specimen bag. (a) The endobag is introduced through the first trocar and 
the kidney is placed inside the bag. Morcellation of the kidney by an artery forceps under direct vision allows kidney 
retrieval without the need to extend the incision. (6) An 18 cm length polycystic kidney. The extraction bag was rup- 
tured and the kidney retrieval was done by morcellating the kidney directly under the incision. 


The last part of dissection is the anterior surface of 
the kidney. The kidney is dissected from the peri- 
toneum very close to its capsule in the cleavage plane 
of areolar tissue. Usually no hemostasis is necessary in 
this plane, whereas, in inflammatory adherent kid- 
neys, a sharp dissection with bipolar coagulation may 
be necessary. In the rare cases of xanthogranuloma- 
tous pyelonephritis, we carry out the dissection of the 
adherent kidney through the subcapsular plane to 
avoid injury to intraperitoneal structures.78 


Kidney retrieval 


The kidney is usually retrieved through the main inci- 
sion (Figure 31.5). A 5mm telescope is inserted 
through the accessory port, and a toothed grasping 
forceps is introduced through the first port to extract 
the kidney. The kidney is grasped at one of the poles, 
and pulled in this axis, to pull on the smallest diame- 
ter of the kidney. In most cases, the kidney can be 
divided under vision during extraction through the 
muscle wall. In cases of severe pyelocaliceal dilatation 
or MCDK, direct evacuation by puncture helps in 
organ retrieval. An endoscopic specimen bag is used 
for infected or large kidneys, and the kidney is mor- 
cellated inside the bag. Our current preference is for 
using the bag routinely for extraction to avoid extend- 
ing the incision and spilling the parenchyma in the 
retroperitoneum, which might produce more postop- 
erative inflammation. This is particularly important in 
the pretransplant group where we have to minimize 
all the factors that might increase postoperative 


retroperitoneal adhesions. In our experience these 
adhesions can render the vascular dissection during 
transplantation more difficult. If nephrectomy is con- 
current with other lower urinary tract procedures, it is 
done first and the kidney is placed near the bladder 
without transecting the ureter. Retrieval is done 
through the Pfannenstiel incision. 


Laparoscopic pyeloplasty 


Open pyeloplasty remained the standard treatment 
for both adult and pediatric patients until the mid 
1980s, when the morbidity associated with the flank 
incision led urologists to explore less-invasive alterna- 
tives. In the 1990s, the endourologic management of 
ureteropelvic junction (UPJ) obstruction became the 
treatment of choice in the adult population. Although 
the postoperative morbidity is significantly less after 
endoscopic procedures, the success rate does not 
exceed 80%.?? 

Laparoscopic pyeloplasty was introduced in adults 
in 1993.30.31 In the initial report of 5 cases, the oper- 
ative time ranged from 3 to 7 hours. The procedure 
has gained in popularity, and more recent series have 
reported a success rate of over 95%.3? Laparoscopic 
pyeloplasty in children has followed the same evolu- 
tion as nephrectomy. The procedure was first 
described through a transperitoneal approach. Tan*? 
reported the first pediatric series of transperitoneal 
laparoscopic dismembered pyeloplasty in 18 children 
aged 3 months to 15 years old. Mean operative time 
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Figure 31.6 Retroperitoneal laparoscopic pyeloplasty learning curve. The figure represents the global experience of 
the author in retroperitoneal laparoscopic pyeloplasty. Each point corresponds to one child; 52 cases are consecu- 
tive from 1999 to 2004. Cases needing conversion to open surgery (4 cases, 8%) are not included as points on the 
operative time curve. Note the trendline (uninterrupted line) showing the progressive decrease of the mean opera- 


tive time. 


was 89 minutes. Two patients with persistent 
obstruction underwent repeat laparoscopic pyelo- 
plasty. 

Yeung et alt have reported their initial experience 
with retroperitoneal dismembered pyeloplasty in 13 
patients, one of whom required open conversion. The 
mean operative duration was 143 (range 103-235) 
minutes. The longer time needed for the retroperi- 
toneal approach is probably related to the limit of the 
working space, which renders suturing more difficult. 

In our experience with 50 retroperitoneal laparo- 
scopic pyeloplasties in children, aged between 22 
months and 15 years, we had to convert to open 
surgery in 4 cases because of technical difficulties 
during suturing.3536 Mean hospital stay was 2 days, 
and return to full activities was within 5 days after 
surgery. After a mean follow-up of 18 months (range 


6 months to 3 years), we had to redo 1 case for early 
persistent postoperative obstruction. The learning 
curve is significant; the mean operative time was 
reduced from 4 hours to 3 hours and there was no 
need for conversion in our last 35 cases.*° The short- 
est operative time in our experience is 120 minutes, 
and our last 4 cases were under 150 minutes (Figure 
31.6). An aberrant crossing vessel was found in 24 
cases and dismembered pyeloplasty enabled ureteral 
transposition in all of them without conversion 
(Figure 31.7). In our current practice, children <2 
years old are operated through a posterior lum- 
botomy to avoid the technical difficulties of suturing 
in young children through the retroperitoneal 
approach. We used a transperitoneal approach only in 
5 cases of pyeloplasty in horseshoe kidney (unpub- 
lished data). 


Figure 31.7 Left retroperitoneal pyeloplasty. A 14-year-old boy with left hydronephrosis complicated by hyperten- 
sion. (a) The retroperitoneal laparoscopic exposure identified the aberrant crossing vessel, lying anterior to the 
ureteropelvic junction (UPJ). K, kidney. (6) Dismembered pyeloplasty allowed transposing the UPJ anterior to the 
vessel, with reduction of the dilated pelvis. 
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Pyeloplasty should be the best demonstration of the 
advantage of robot-assisted surgery in overcoming 
the difficulties encountered during laparoscopic sutur- 
ing. Craig Peters*”~*° has presented the first prelimi- 
nary results of laparoscopic 
transperitoneal pyeloplasty in children. Olsen and Jor- 
gensen have reported their unique experience on 
retroperitoneal robotic-assisted pyeloplasty.404! They 
compared a group of 8 children operated on by the 
robotic-assisted procedures to a previous group of 15 
children operated on by the standard procedure with 
laparoscopic instruments. The median operative time 
with the robotic-assisted procedures was lower than 
with standard equipment (172 minutes vs 210 min- 
utes); the shortest operative time with robotic assis- 
tance was 110 minutes. The first impression is that 
robotic assistance makes suturing easier and may 
allow extending advanced laparoscopic reconstructive 
surgery to a larger number of surgeons without pre- 
vious expertise in advanced laparoscopic surgery. 
However, in our experience, teaching laparoscopic 
pyeloplasty was not feasible when the surgeon did not 
already have an advanced experience in laparoscopy.*” 

Soulie et alt have compared retroperitoneal 
laparoscopic pyeloplasty vs open pyeloplasty with a 
minimal incision in 53 consecutive non-randomized 
adults. The mean operating time (165 minutes vs 145 
minutes) was similar in both groups. Incidence of 
complications, hospital stay, and functional results 
were equivalent for both groups, but the return to 
painless activity was more rapid with laparoscopy in 
younger patients. Bauer et al** carried out a similar 
study, with no difference in the postoperative out- 
come between laparoscopic pyeloplasty and open 
pyeloplasty. In a recent review, we could not find any 
comparative study in children. Recently, we have 
compared retroperitoneal laparoscopic pyeloplasty vs 
open pyeloplasty in 37 consecutive children.*° The 
mean operative time was 96 minutes (range 50-150) 
and 219 minutes (range 140-310) for the open 
surgery and the laparoscopy groups, respectively (p 
<0.0001). Mean hospital stay was 2.4 days (range 
1-5) and 5 days (range 3-7) for the laparoscopy and 
the open surgery groups, respectively (p <0.0001). 
The use of analgesics was less in the laparoscopy 
group, but this result needs to be confirmed in a ran- 
domized prospective study. 

Midterm confirm that 
retroperitoneal laparoscopic pyeloplasty is a safe and 
feasible approach in children. Although the technique 
is highly demanding, it has the advantage of duplicat- 
ing the principles of the gold standard open approach. 


robotic-assisted 


results dismembered 


The transperitoneal approach may be better adapted 
in young infants, and some experienced laparoscopists 
prefer a transperitoneal approach in all children. Long 
operative times may be reduced with experience and 
possibly with robotic assistance. 


Technique of laparoscopic retroperitoneal 
pyeloplasty*® 


The same access is used, as described for nephrec- 
tomy. Yeung et alt used different positioning accord- 
ing to the side of the kidney: semiprone for the right 
side and semilateral for the left side. We currently use 
a three-trocar technique (see Figure 31.1): the first 
trocar is 3 or 5 mm for the laparoscope (at the tip of 
the 12th rib); the second trocar of 3 mm is inserted in 
the costovertebral angle; and the third trocar of 3 mm 
is inserted in the top of the iliac crest. The kidney is 
approached posteriorly and the renal pelvis is first 
identified. The pyeloureteral junction is identified and 
a minimal dissection is done to free the junction from 
connective tissue. Small vessels are divided using 
bipolar electrocoagulation. Care is taken not to sec- 
tion ureteral blood vessels. A stay stitch is placed at 
the junction. Aberrant crossing vessels are identified. 
The renal pelvis is partially divided using scissors at 
the most dependent part and gentle traction on the 
stay suture helps to define this point. Keeping the 
traction, the ureter is partially divided and incised ver- 
tically for spatulation. The traction suture helps to 
mobilize the ureter, so the scissors can be in the axis 
of the ureter, usually introduced through the last 
trocar. The anterior surface of the kidney is left adher- 
ent to the peritoneum, so that the kidney is retracted 
medially without the need for individual kidney 
retraction. The ureteropelvic anastomosis begins 
using a 6—0 absorbable suture, with a tapered 3/8 
circle needle, placed from the most dependent portion 
of the pelvis to the most inferior point or vertex of the 
ureteral spatulation. The suture is tied using the intra- 
corporeal technique, with the knots placed outside the 
lumen. The same stitch is used to run the anterior wall 
of the anastomosis. The UPJ is kept intact for traction 
and stabilization of the suture line, and removed just 
before tying the last suture on the pelvis. This stay 
suture may be fixed to the psoas muscle to give sta- 
bility and to facilitate the suturing. A double-pigtail 
stent is inserted through the costovertebral angle 
trocar, and if there is doubt, its position in the blad- 
der is assured under fluoroscopy. The posterior 
ureteropelvic anastomosis is then performed. To 
avoid a second general anesthesia to remove the stent, 
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we are currently inserting a  transanastomotic 
pyelostomy stent. The stent is closed on the first post- 
operative day and removed at 1 week in the outpa- 
tient clinic. We still proceed with double-pigtail stent 
in the cases with intrarenal pelvis because of the tech- 
nical difficulties associated with the pyelostomy stent 
in these cases. The pelvis is trimmed if needed. In 
cases of aberrant crossing vessels (see Figure 31.7), 
the technique is slightly different. After placement of 
the stay suture, the ureter is completely divided and 
the UPJ and the pelvis are delivered anterior to the 
vessels with the help of the stay suture; then the anas- 
tomosis is performed as described. A Foley catheter is 
left in the bladder for 24 hours postoperatively. 


Technique of laparoscopic transperitoneal 
pyeloplasty 


The same approach is used as described for the 
nephrectomy. Steps of the pyeloplasty are identical to 
the retroperitoneal approach. A traction suture may 
be inserted through the anterior abdominal wall to 
stabilize the suture line. 

We have used the transperitoneal approach only in 
cases of UPJ obstruction in a horseshoe kidney. The 
anterior position of the UPJ in this specific anatomic 
variant makes it easier using the anterior transperi- 
toneal approach. 
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Wilms’ tumor 


Michael L Ritchey and Fernando A Ferrer 


Introduction 


Nephroblastoma, or Wilms’ tumor, is an embryonal 
tumor that develops from remnants of immature 
kidney. It is the most common renal tumor of child- 
hood. Current survival of children with Wilms’ tumor 
is excellent, and emphasis is now on reducing the 
morbidity of treatment for low-risk patients. Unfor- 
tunately, there is still a subset of high-risk patients 
with poor survival for whom new treatment strategies 
are needed. This chapter reviews the epidemiology, 
pathology, and recent advances in the understanding 
of the biology of Wilms’ tumor. The current manage- 
ment of children with all stages of nephroblastoma is 
discussed in detail. 


Epidemiology 


The overall annual incidence of Wilms’ tumor is 
approximately 7.6 cases per million children under 15 
years of age, or about 500 new cases annually in the 
United States. Wilms’ tumor accounts for 6-7% of all 
childhood cancers.!? It typically affects young chil- 
dren (median age 3.5 years), although older children 
and occasionally even adults can be affected. Wilms’ 
tumor occurs at an earlier median age in children with 
bilateral tumors, 29.5 months for boys and 32.6 
months for girls. The disease occurs nearly equally in 
girls and boys worldwide, but the frequency is slightly 
higher among girls in the United States.3 

Children with Wilms’ tumor frequently have asso- 
ciated congenital anomalies or recognizable syn- 
dromes. Syndromes associated with a predisposition 
to develop Wilms’ tumor may be divided into those 
characterized by overgrowth and those lacking over- 
growth. Syndromes with overgrowth features include 
hemihypertrophy, which may occur alone or as part 
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of the Beckwith-Wiedemann syndrome (BWS). BWS 
is a rare disorder consisting of developmental anom- 
alies characterized by excess growth at the cellular, 
organ (macroglossia, nephromegaly, hepatomegaly), 
or body segment (hemihypertrophy) levels. The 
incidence of tumor development in BWS is 10-20%, 
including Wilms’ tumor, adrenocortical neoplasms, 
and hepatoblastoma. The risk of Wilms’ tumor devel- 
opment in patients with hemihypertrophy and BWS 
is estimated to be in the order of 4-10%,>-8 with 21% 
of those children presenting with bilateral disease.? 
Data from the BWS registry suggest that nephro- 
megaly is a strong risk factor for the subsequent 
development of Wilms’ tumor.!° The mean age at 
diagnosis of Wilms’ tumor in hemihypertrophy 
patients is similar to that of the general Wilms’ tumor 
population.!! Other overgrowth syndromes, such as 
the Perlman and the Simpson—Golabi-Behmel syn- 
dromes, are also associated with the development of 
Wilms’ tumor.!?13 
Genitourinary anomalies (hypospadias, cryp- 
torchidism, renal fusion anomalies) are present in 
4.5% of patients with Wilms’ tumor.!* One specific 
association of male pseudohermaphroditism, renal 
mesangial sclerosis, and nephroblastoma is the 
Denys-Drash syndrome.!516 Although the classic 
presentation is that of ambiguous genitalia, up to 
40% of children appear phenotypically female.!7 
Genetic studies indicate that Denys—Drash syndrome 
is associated with mutations of the 11p13 Wilms’ 
tumor gene.!© Roughly 1% of Wilms’ tumor patients 
are diagnosed with the WAGR (Wilms’ tumor, 
aniridia, genital anomalies, and mental retardation) 
syndrome.!® Most affected individuals have a consti- 
tutional deletion on chromosome 11 and the inci- 
dence of Wilms’ tumor formation in these children is 
42%. Children with WAGR present at an earlier age, 
have lower birth weights, and an increased incidence 
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of bilateral disease.!? Wilms’ tumors have been 
reported in association with neurofibromatosis, 
Sotos’s syndrome, and Klippel-Trénaunay—Weber 
syndrome.?° 

There is an increased risk of Müllerian duct anom- 
alies in girls with Wilms’ tumor.?! Approximately 
10% of girls will have abnormalities such as duplica- 
tion of the cervix or uterus, or bicornuate uterus. 
Patients with horseshoe kidney have been noted to 
develop Wilms’ tumor at a higher than expected 
rate.22,23 Wilms’ tumor has been reported in patients 
with multicystic dysplastic kidney, but there is not 
sufficient evidence that this occurs at an incidence 
greater than for children with two normal kid- 
neys.?4:25 

Periodic imaging with renal ultrasound has been 
recommended in children with hemihypertrophy, 
BWS, and aniridia, with the hope that the tumor will 
be discovered at an earlier stage. A review of BWS 
patients reported to the National Wilms’ Tumor 
Study Group (NWTSG) has found more stage I 
tumors,” and high-risk children undergoing periodic 
screening have more stage I tumors and small tumor 
diameters.*° There were not enough patients in these 
retrospective reviews to determine if early detection 
had an impact on patient survival. Craft et al reported 
on 13 high-risk children undergoing screening with 
abdominal ultrasound and did not find any significant 
difference in stage distribution compared with chil- 
dren not undergoing screening.?” The recommended 
screening interval is every 3—4 months.?°29 Not all 
new lesions are Wilms’ tumor, as there is an increased 
incidence of non-malignant renal lesions in children 
with BWS.3931 Nephrectomy has been performed for 
benign disease due to false-positive screening. 


Biology and genetics 


The role of genetic alterations in Wilms’ tumor devel- 
opment has been intensely studied. Most Wilms’ 
tumors arise from somatic mutations. These muta- 
tions are present in the tumor tissue only and cannot 
be transmitted to the progeny of the affected individ- 
ual. A much smaller percentage of Wilms’ tumors 
(~10%) appear to be the result of germline muta- 
tions. These mutations arise in the actual germ cells of 
the patient and can be inherited, although in some 
cases they can occur de novo. Patients with germ cell 
mutations are characterized by syndromic conditions, 
associated congenital anomalies, family history of 
tumor, and tumors that occur at an earlier age.*? It 


was this group of patients that prompted Knudson to 
suggest that his ‘two-hit’ theory, originally developed 
by studying children with retinoblastoma, might also 
apply to Wilms’ tumor.33-34 

The Knudson model predicts that two genetic 
events are required for tumor formation.** Individu- 
als with a genetic predisposition carry an initial lesion 
in their germline, either inherited from a parent or 
resulting from a de-novo germline mutation. In these 
individuals, all body cells have already been affected 
by the first event. Consequently, only one new event 
in any one cell is required for tumor development. By 
contrast, in individuals that are not genetically predis- 
posed (sporadic cases), two relatively rare indepen- 
dent events are required in the same cell. Subsequent 
genetic studies in a number of tumors have confirmed 
the Knudson model, demonstrating that the two pos- 
tulated ‘genetic hits’ constitute the inactivation of 
both alleles of a tumor suppressor gene.*° The clear- 
est example of tumorigenesis following the inactiva- 
tion of both copies of a single tumor suppressor gene 
is the development of retinoblastoma following the 
inactivation of the retinoblastoma gene RBI. By con- 
trast, the ‘two-hit’ theory which was so elegantly con- 
firmed in patients with retinoblastoma, has not stood 
the test of time in Wilms’ tumor. Today it is recog- 
nized that the biologic pathways leading to the devel- 
opment of the majority of Wilms’ tumor are complex 
and probably involve several genetic loci.3?34 

Observation that patients with aniridia, genital 
anomalies, and mental retardation were at a high risk 
for Wilms’ tumor led to cytogenetic studies that iden- 
tified a heterozygous deletion at band 11p13 of chro- 
mosome 11. Using cloning techniques, the WTI gene 
was identified.3°8 Chromosome 11p13 encompasses 
various genes, including PAX6, abnormalities of 
which can be responsible for aniridia.2? WTI is 
expressed in the normal developing kidney and abnor- 
mally expressed in some Wilms’ tumor specimens. 
WTI encodes a zinc finger transcription factor that is 
thought to function as a classic tumor suppressor 
gene. A partial list of genes that are targets of WTI 
regulation include EGFR, PDGF, IGF, N-Myc, PAX 
2, MDR-1, and P-21, all notable for their association 
with tumorgenesis.4° WTI mutations have been 
shown to occur in human DNA from sporadic Wilms’ 
tumor, as well as the germline of patients with a 
genetic predisposition to cancer. 

Although at first, WTI was considered a classic 
tumor suppressor gene, i.e. loss of both copies of the 
gene are required for tumor development, it has now 
become clear that specific alterations in only one of 
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the two WT] alleles may contribute to abnormal cell 
growth and associated genitourinary abnormalities.** 
Normal function of WTI is necessary for genitouri- 
nary development. Mutations at the WTI locus, par- 
ticularly in males, may confer extensive genitourinary 
defects, most notably male pseudohermaphro- 
ditism.!°4! The affected gonads and kidneys in 
patients with the Denys—Drash syndrome are het- 
erozygous for germline mutations. Denys—Drash syn- 
drome, characterized by pseudohermaphroditism, 
renal failure, and Wilms’ tumor, is the result of point 
mutations in the binding domain of WTI.!° The 
resulting phenotype is far more severe than that 
observed in children with a constitutional deletion of 
one WTI allele (i.e. WAGR patients) and suggests 
that the mutated protein can inhibit the activity of the 
wild-type protein, resulting in a ‘dominant negative’ 
effect.42 A spectrum of phenotypes can be demon- 
strated by patients with the Denys—Drash syndrome, 
depending on the type of WT] mutation.*? Interest- 
ingly, renal dysfunction once thought to be limited to 
those with Denys—Drash syndrome, is now known to 
occur years after treatment in patients with WAGR 
syndrome. !? 

In addition to WAGR and Denys—Drash patients, 
germline mutations have also been found in familial 
Wilms’ tumor. Families harboring a constitutional 
WTI abnormality constitute only a small percentage 
of the reported affected pedigrees.4? Germline WT1 
mutation has been correlated with a predominantly 
stromal pathology.“ Constitutional mutations of 
WTI are rarely seen in patients with non-syndromic, 
unilateral tumors in the absence of genitourinary 
abnormalities.*? 

In summary, the majority of Wilms’ tumors do not 
have genetic alterations at chromosome 11p13. 
Germline WTI mutations are associated with geni- 
tourinary anomalies. No increased risk of mutation is 
found in patients with nephrogenic rests, bilateral 
Wilms’ tumor, or a family history of Wilms’ tumor.*° 

A second potential Wilms’ tumor gene, WT2, has 
been identified on chromosome 11p15, based on the 
observation of loss of heterozygosity at this site,4647 
but the actual gene responsible remains to be deter- 
mined. Much like the association between WT] at 
chromosome 11p13 and the WAGR syndrome, WT2 
has been linked to the BWS.*648 BWS is an over- 
growth disorder that is associated with a 5-10% risk 
of Wilms’ tumor.*° Recent studies suggest that 
abnormal expression of embryonal growth factor 
encoded by the insulin-like growth factor-2 gene 
(IGF2) is involved in the pathophysiology of BWS.*? 


Loss of heterozygosity at chromosomes 16q (pre- 
sent in 20% of all Wilms’ tumors) or lp (seen in 10% 
of tumors) has been suggested to be a predictor of 
poor outcome in children with Wilms’ tumor.50-52 
However, the prognostic significance of these features 
has been questioned.*? 

Abnormalities of chromosome 7p have been 
reported in patients with Wilms’ tumor. Cytogenetic 
analysis of individuals with constitutional deletions in 
chromosome 7p who have demonstrated a loss of the 
second allele in tumor tissues suggests that this may 
be the site of another, as yet unidentified, tumor sup- 
pressor gene.** Alterations of the p53 tumor suppres- 
sor gene located on chromosome 17p have been 
noted in approximately 75% of anaplastic tumors, 
suggesting an important role in the development of 
anaplasia.>*5° By acting as a down-regulator of cell 
proliferation, and a positive regulator of cellular 
apoptosis, p53 is known to play a significant role in 
tumor suppression. Malkin et al suggested that the 
absence of p53 is an indicator of advanced disease in 
Wilms’ tumor, regardless of the presence of anaplastic 
changes.” Monosomy at chromosome 22 has also 
been linked to the biology of Wilms’ tumor. Bown et 
al have reported a significant decrease in tumor-free 
survival at 5 years in patients demonstrating mono- 
somy of chromosome 22.53 


Histopathology 


Wilms’ tumor usually compresses the adjacent normal 
renal parenchyma, forming a pseudocapsule com- 
posed of compressed, atrophic renal tissues. This 
intrarenal pseudocapsule can be helpful to distinguish 
Wilms’ tumor from other renal tumors. Most tumors 
are soft and friable, with necrotic or hemorrhagic 
areas frequently noted. This consistency increases the 
chance of intraoperative tumor rupture that can pre- 
dispose to local tumor recurrence. Wilms’ tumor is 
characterized by tremendous histologic diversity. The 
classic triphasic pattern includes varying proportions 
of three cell types: blastemal, stromal, and epithelial. 
The proportion of each of these components varies, 
with some tumors consisting of only biphasic or even 
monomorphous patterns. These different compo- 
nents respond differently to treatment, which can 
have an impact on outcome (see below discussion 
under preoperative chemotherapy).°® In addition to 
expressing a variety of cell types found in a normal 
developing kidney, Wilms’ tumor often contains tis- 
sues such as skeletal muscle, cartilage, and squamous 
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epithelium. These heterotopic cell types probably 
reflect the primitive developmental potentials of 
metanephric blastema that are not expressed in 
normal nephrogenesis. Most Wilms’ tumors are uni- 
centric, but 12% are multicentric unilateral tumors.!! 
Extrarenal locations are rare and are thought to arise 
from displaced metanephric elements or mesonephric 
remnants. 

One important observation was the identification 
of tumors with unfavorable histologic features that 
were associated with increased rates of relapse and 
death.5? These unfavorable features occurred in 
approximately 10% of patients, but accounted for 
almost half of the tumor deaths in early NWTSG 
studies.° Anaplasia is defined by the presence of 
gigantic polyploid nuclei within the tumor sample. It 
is rare in the first 2 years of life but the incidence 
increases to 13% in children > 5 years old.®! Anapla- 
sia is a feature of Wilms’ tumor that is clearly associ- 
ated with resistance to chemotherapy. There has been 
a similar incidence of anaplasia in the NWTSG study 
(5%) and in the International Society of Pediatric 
Oncology (SIOP) study (5.3%).°? Anaplasia has been 
further divided into focal and diffuse patterns to 
reflect the different prognosis of anaplasia that is pre- 
sent throughout the kidney or in an extrarenal loca- 
tion. Focal anaplasia requires that cells with anaplastic 
nuclear changes be confined to sharply restricted foci 
within the primary tumor.® Diffuse anaplasia is diag- 
nosed when anaplasia is present in more than one 
portion of the tumor or is found in any extrarenal or 
metastatic site. When the anaplastic component is 
completely removed (stage I), the outcome is gener- 
ally excellent.“ This suggests that anaplasia is more a 
marker of chemoresistance than inherent aggressive- 
ness of the tumor. When anaplastic changes are not 
present, the tumor is referred to as being of favorable 
histology (FH) because of the generally good out- 
come for these patients. Clear cell sarcoma of the 
kidney (CCSK) and rhabdoid tumor of the kidney 
(RTK) were previously grouped as unfavorable his- 
tology Wilms’ tumors. They are now recognized as 
separate malignant entities (see below).°°-°7 

More than one-third of kidneys resected for Wilms? 
tumor contain precursor lesions, known as nephro- 
genic rests.°8 Nephrogenic rests represent the abnor- 
mal persistence into postnatal life of embryonal cells 
that can produce a malignancy (Figure 32.1). Two 
distinct categories of nephrogenic rests exist, based on 
the position of these lesions within the renal lobe. 
Perilobar nephrogenic rests (PLNRs) are confined to 
the periphery of the renal lobe. Intralobar nephro- 


Figure 32.1 Perilobar nephrogenic rest composed of 
blastemal cells just beneath the renal capsule (hema- 
toxylin and eosin, x40). 


genic rests (ILNRs) occur anywhere in the kidney, 
including the renal sinus and collecting system. There 
are biologic differences distinguishing PLNR from 
ILNR (Table 32.1). Nephrogenic rests have a varied 
life and most do not form Wilms’ tumor. A rest can 
undergo maturation, sclerosis, involution, and com- 
plete disappearance. PLNRs have been detected in 
1% of kidneys in infants on postmortem examination; 
most of these rests apparently undergo involution.® 
ILNR can become cystic and be indistinguishable 
from renal dysplasia. 

Hyperplastic nephrogenic rests can produce a renal 
mass easily mistaken for a small Wilms’ tumor.°? 
Biopsy of a hyperplastic rest is of little value in distin- 
guishing this lesion from a Wilms’ tumor unless the 
interface between the rest and normal kidney is 


Table 32.1 Clinical features of ILNR and PLNR 


ILNR PLNR 

Associated WAGR BWS 

syndromes Denys-—Drash Hemihypertrophy 
Genitourinary Perlman 
anomalies 

Median age of 23 months 36 months 

Wilms’ tumor 

development 

Wilms’ tumor Stroma Blastema, 


histology predominant epithelial 


predominant 


WAGR = Wilms’ tumor, aniridia, genitourinary, 
and retardation; BWS = Beckwith-Wiedemann 
syndrome; ILNR = intralobar nephrogenic rest; 
PLNR = perilobar nephrogenic rest. 
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included. Wilms’ tumor will have a pseudocapsule at 
the interface, with the normal parenchyma compress- 
ing the normal elements. Neoplastic induction of cells 
of a nephrogenic rest can produce Wilms’ tumor and 
possibly other benign or malignant renal neoplasms. 
The Wilms’ tumor will have a spherical shape, 
whereas hyperplasic rests will be more elliptical or 
lenticular in shape. Magnetic resonance imaging 
(MRI) may be of some value in distinguishing 
between the two lesions, but this needs to be con- 
firmed prospectively in large numbers of patients.” 

The presence of multiple or diffuse nephrogenic 
rests will lead to the diagnosis of nephroblastomato- 
sis. The term nephroblastomatosis was originally used 
to describe massive bilateral nephromegaly in which 
the reniform shape was preserved.7! Nephroblastom- 
atosis can be subclassified according to the rest cate- 
gories present: e.g. diffuse hyperplastic PLNRs, in 
which the majority of the cortical surface of one or 
both kidneys is composed of hyperplastic nephro- 
genic rests. The entire nephrogenic zone is involved, 
with a thick rind capping the entire kidney. These 
patients are prone to Wilms’ tumor development and 
bilateral lesions are common. Perlman et al have 
reviewed 52 cases of diffuse hyperplastic PLNRs 
reported to the NWTSG pathology center.”* Wilms’ 
tumor developed in 23 patients at a median of 30 
months. Of children receiving adjuvant therapy at 
diagnosis, 17/33 (52%) developed a Wilms’ tumor. 

Multiple rests in one kidney usually implies that 
nephrogenic rests are present in the other kidney.°8 
Children younger than 12 months diagnosed with 
Wilms’ tumor who also have nephrogenic rests have a 
markedly increased risk of developing contralateral 
disease.’ They need regular imaging surveillance to 
detect contralateral recurrence.”4 The occurrence of 
metachronous Wilms’ tumor in patients previously 
treated with conventional chemotherapeutic regimens 
suggests that nephrogenic rests are not always eradi- 
cated. 


Presentation, preoperative evaluation, 
and staging 


Most children with Wilms’ tumor present with an 
asymptomatic abdominal mass. Other signs and 
symptoms at diagnosis are abdominal pain, gross 
hematuria, and fever. Occasionally, a child will pre- 
sent with an acute abdomen due to tumor rupture, 
with hemorrhage into the peritoneal cavity. Other 
atypical presentations may result from compression or 


invasion of adjacent structures: e.g. extension of the 
tumor into the renal vein and inferior vena cava 
(IVC). Varicocele, hepatomegaly due to hepatic vein 
obstruction, ascites, and congestive heart failure are 
found in fewer than 10% of patients with intracaval 
or atrial tumor extension.”° Hypertension is present 
in 25% of cases and has been attributed to elevated 
plasma renin levels.” During the physical examina- 
tion, it is important to note any physical findings of 
associated Wilms’ tumor syndromes such as aniridia, 
hemihypertrophy, and genitourinary anomalies. 

The preoperative evaluation can generally be com- 
pleted in 48 hours. Emergent operation is not neces- 
sary unless there is evidence of active bleeding or 
tumor rupture. Laboratory evaluation should include 
a complete peripheral blood count, platelet count, 
renal function tests, liver function tests, serum cal- 
cium, and urinalysis. Elevation of the serum calcium 
can occur in children with congenital mesoblastic 
nephroma and RTK. Acquired von Willebrand’s dis- 
ease has been found in 8% of newly diagnosed Wilms’ 
tumor patients.”” 

The preoperative imaging evaluation of children 
with a solid abdominal mass has evolved over the 
years. The first study obtained is often a renal ultra- 
sound that can determine if the mass is predominantly 
solid or cystic. Contrast-enhanced computed tomog- 
raphy (CT) or MRI of the abdomen is obtained next. 
All of the solid renal tumors of childhood have simi- 
lar radiographic features. However, defining the exact 
histology is not as important as establishing that there 
is a solid renal tumor present, which will help the sur- 
geon plan for a major cancer operation.”® Another 
important role of imaging studies is to establish the 
presence of a functioning contralateral kidney prior to 
nephrectomy. 

The radiologist should exclude intracaval tumor 
extension, which occurs in 4% of Wilms’ tumor 
patients (Figure 32.2).”5 This can usually be excluded 
on ultrasound, but MRI is the study of choice if 
extension of tumor into the IVC cannot be excluded 
by ultrasound.” 

There is some controversy regarding the utility of 
preoperative imaging for tumor staging.”480:81 Accu- 
rate staging of children with Wilms’ tumors is essen- 
tial to define tumor extent prior to initiating 
treatment, as outcome is highly correlated with 
stage.8? However, the staging system used in 
NWTSG studies relies on surgical findings and patho- 
logic examination (Table 32.2). It would be a great 
asset if imaging provided reliable information regard- 
ing local extension of tumor beyond the renal capsule 
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Figure 32.2 Magnetic resonance imaging scan demon- 
strating tumor extension into the inferior vena cava. 


or into regional lymph nodes. The local tumor burden 
(e.g. regional lymph node involvement) determines 
the intensity of the chemotherapy regimen and 
whether a child receives abdominal irradiation. How- 
ever, prospective correlation with pathologic findings 
has not been done. Preoperative CT can certainly 
identify regional adenopathy, but enlarged benign 
retroperitoneal lymph nodes are common in children. 
Correlation between pathologic findings and lymph 
node evaluation at surgical exploration in Wilms’ 
tumor patients has found high false-positive and false- 
negative error rates.? It is unlikely that CT or MRI 
will be more accurate than surgical inspection of the 
regional lymph nodes. 

Detection of extrarenal tumor extension into the 
perirenal fat and into adjacent structures is also prob- 
lematic. Most children identified as having possible 
invasion of the liver on CT are found at the time of 
surgical exploration to have hepatic compression, 
rather than hepatic invasion.** Therefore, determina- 
tion of inoperability must be made at surgical explo- 
ration. Non-opacification of the kidney on CT may 
result from tumor obstruction of the collecting 
system, complete replacement of the renal 
parenchyma with neoplasm, or intravascular tumor 
extension.”° Plain chest radiographs may be obtained 
to determine whether pulmonary metastases are pre- 
sent. However, most centers obtain a CT of the chest 
in the initial evaluation of children with Wilms’ 
tumor. This can detect small lesions missed on chest 


Table 32.2 NWTS-5 staging system for Wilms’ 
tumor 


Stage I: The tumor is limited to the kidney and 
was completely excised. The renal capsule has an 
intact outer surface. The tumor was not ruptured 
or biopsied prior to removal (fine-needle 
aspiration biopsies are excluded from this 
restriction). The vessels of the renal sinus are not 
involved. There is no evidence of tumor at or 
beyond the margins of resection. 


Stage II: The tumor extends beyond the kidney, 
but was completely excised. There may be 
regional extension of tumor (i.e. penetration of 
the renal capsule or extensive invasion of the 
renal sinus). The blood vessels outside the renal 
parenchyma, including those of the renal sinus, 
may contain tumor. The tumor was biopsied 
(except for fine-needle aspiration), or there was 
spillage of tumor before or during surgery that is 
confined to the flank, and does not involve the 
peritoneal surface. There must be no evidence of 
tumor at or beyond the margins of resection. 


Stage lll: Residual non-hematogenous tumor is 
present, and confined to the abdomen. Any one 
of the following may occur: (1) Lymph nodes 
within the abdomen or pelvis are found to be 
involved by tumor (renal hilar, para-aortic, or 
beyond). (Lymph node involvement in the thorax, 
or other extra-abdominal sites would be a 
criterion for stage IV.) (2) The tumor has 
penetrated through the peritoneal surface. (3) 
Tumor implants are found on the peritoneal 
surface. (4) Gross or microscopic tumor remains 
postoperatively (e.g. tumor cells are found at the 
margin of surgical resection on microscopic 
examination). (5) The tumor is not completely 
resectable because of local infiltration into vital 
structures. (6) Tumor spill not confined to the 
flank occurred either before or during surgery. 


Stage IV: Hematogenous metastases (lung, liver, 
bone, brain, etc.), or lymph node metastases 
outside the abdominopelvic region are present. 


Stage V: Bilateral renal involvement is present at 
diagnosis. An attempt should be made to stage 
each side according to the above criteria on the 
basis of the extent of disease prior to biopsy or 
treatment. 


X-ray, although the management of such lesions is 
debated.°.87 Additional imaging studies are helpful 
under specific conditions. For example, a radionuclide 
bone scan and X-ray skeletal survey should be 
obtained postoperatively on all children with 
CCSK.¥8 Brain imaging, using MRI or CT, should be 
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obtained on all children with CCSK or with RTK, as 
both are associated with intracranial metastases.°? 

The NWTSG has long recommended formal explo- 
ration of the contralateral kidney in all children under- 
going nephrectomy for presumed unilateral Wilms’ 
tumor. This has been considered necessary to identify 
lesions that might be missed on preoperative imaging. 
If lesions are identified intraoperatively, biopsy alone 
of the lesions is advised and definitive surgical resec- 
tion is deferred (for both kidneys). Review of NWTS- 
4 patients with bilateral Wilms’ tumor found that 7% 
of lesions were missed on preoperative imaging stud- 
ies.2° Most lesions were managed with biopsy alone, 
yet extended follow-up of the children has not 
demonstrated any relapses.°! The majority of these 
children had nephrectomy of the more involved 
kidney at diagnosis before exploration of the con- 
tralateral kidney. This was also noted in a recent 
report of NWTS-5 patients.” The conclusion of the 
latest report was that routine exploration is not nec- 
essary, provided that preoperative imaging with thin 
slices on multidetector helical CT scanners or MRI is 
performed.?! 


Surgery 


The surgeon has an important role in the manage- 
ment of a child with Wilms’ tumor. Careful removal 
of the tumor without rupture or spill is mandatory to 
decrease the risk of local abdominal relapse.” Com- 
plete tumor resection also improves patient survival. 
Another important surgical objective is determining 
tumor extent. As noted above, staging of the tumor is 
surgical. A transperitoneal approach is preferred to 
allow thorough exploration of the abdominal cavity. 
Exploration of the contralateral kidney is no longer 
mandated prior to nephrectomy if the preoperative 
CT or MRI demonstrate a normal kidney.?! If explo- 
ration is needed, the colon is reflected and Gerota’s 
fascia opened so that the kidney can be inspected on 
all surfaces. Any abnormalities of the kidney should 
be biopsied to exclude Wilms’ tumor or nephrogenic 
rests. 

Palpation of the renal vein and IVC should be per- 
formed to exclude intravascular tumor extension prior 
to vessel ligation. Radical nephrectomy is performed 
with partial ureterectomy. Formal lymph node dissec- 
tion is not required but lymph node sampling is an 
integral step during surgery for Wilms’ tumor.*? 
Lymph node metastases (stage HI) have an adverse 
outcome on survival. Failure to sample lymph nodes 


has been identified as a risk factor for local relapse in 
stage I patients, suggesting inadequate staging.?* 

One should not overlook the morbidity of surgery 
that can produce both acute and late complications. A 
review of NWTS-4 patients undergoing primary 
nephrectomy found an 11% incidence of surgical 
complications.”4 The most common complications 
were hemorrhage and small bowel obstruction. Risk 
factors associated with increased surgical complica- 
tions are higher local tumor stage, intravascular exten- 
sion, en bloc resection of other visceral organs, and 
incorrect preoperative diagnosis.78 


Treatment and outcome 


The development of effective systemic chemotherapy 
in the 1960s rapidly changed the outcome and 
approach to treatment of Wilms’ tumor.” Random- 
ized clinical trials have been conducted by NWTSG, 
SIOP, and the United Kingdom Children’s Cancer 
Study Group (UKCCSG) to determine the appropri- 
ate role for each of the therapeutic modalities avail- 
able. Patients are stratified into different treatment 
groups based on extent of disease and histopathologic 
features. The goals of these trials are to allow a reduc- 
tion in the intensity of therapy for most patients, 
while maintaining overall survival, and to decrease 
potential late sequelae. For example, radiation therapy 
(XRT), once administered routinely to all children, is 
now reserved for those with advanced stage disease or 
specific adverse prognostic features. 


National Wilms’ Tumor Study Group 


The first two NWTSG studies, NWTS-1 
(1969-1973) and NWTS-2 (1974-1978), showed 
that postoperative local irradiation was unnecessary 
for group I patients.°©°” The combination of vin- 
cristine (VCR) and dactinomycin (AMD) was noted 
to be more effective than the use of either drug alone, 
and the addition of doxorubicin (DOX) improved 
survival for higher-stage patients. Important findings 
of NWTS-1 and -2 were identification of unfavorable 
histologic features and other prognostic factors that 
allowed refinement of the staging system, stratifying 
patients into high-risk and low-risk treatment 
groups.°> It was recognized that the presence of 
lymph node metastases had an adverse outcome on 
survival.?°.97 Children with lymph node metastases as 
well as those with diffuse tumor spill were found to 
be at increased risk of abdominal relapse. Therefore, 
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such patients were from then on classified as having 
stage II disease and given whole abdominal irradia- 
tion.8? These findings were incorporated into the 
design of NWTS-3 to try and decrease the intensity of 
therapy for the majority of low-risk patients. 

In NWTS-3 (1979-1986), patients with stage I, 
FH Wilms’ tumor were treated successfully with 
either a 10- or 18-week regimen of VCR and AMD.*? 
This considerably decreased the 
chemotherapy administered and the total duration of 
treatment. The 4-year relapse-free survival was 89%, 
and the overall survival was 95.6%. Stage I FH 
patients treated with AMD and VCR without post- 
operative XRT had an equivalent survival (4-year 
overall survival of 91.1%) to patients who received 
the same treatment plus DOX with or without XRT. 
This demonstrated that the cardiotoxic drug DOX is 
not necessary for the successful treatment of this 
group of patients. This also demonstrated that XRT 
could now be omitted for the majority of children 
with Wilms’ tumor. For stage HI FH patients, 10.8 
Gy of abdominal irradiation was shown to be as effec- 
tive as 20 Gy in preventing abdominal relapse if DOX 
was added to VCR and AMD. The 4-year relapse-free 
survival for stage III patients was 82% in NWTS-3 
and the 4-year overall survival was 90.9%. Patients 
with stage IV FH tumors received abdominal (local) 
irradiation based on the local tumor stage. In addi- 
tion, they all received 12 Gy to both lungs. In combi- 
nation with VCR, AMD, and DOX, the 4-year 
relapse-free survival was 79% and the overall survival 
was 80.9%. There was no statistically significant 
improvement in survival when cyclophosphamide 
was added to the three-drug regimen. 

The goals of NWTS-4 (1986-1994) were to con- 
tinue improving treatment results while decreasing 
the cost of therapy through modification of the sched- 
ule of drug administration. ‘Pulse-intensive’ chemo- 
therapy regimens, employing single doses of AMD 
and DOX, were compared with regimens using 
divided doses of the drugs. Pulse-intensive regimens 
utilized simultaneous administration of agents at less 
frequent intervals to decrease the number of clinic 
visits and hence the cost of cancer treatment. In addi- 
tion, treatment durations of approximately 6 and 15 
months were compared in patients with stages I-IV 
FH tumors. NWTS-4 demonstrated that, while the 
administered drug dose-intensity was greater on 
pulse-intensive regimens, these regimens produce less 
hematologic toxicity than the standard regimens.*? 
Patients treated with pulse-intensive regimens 
achieved equivalent survival compared with those 


amount of 


treated with standard chemotherapy regimens. 100 


Treatment with 6 months of chemotherapy was as 
effective as 15 months. 

Children with anaplastic Wilms’ tumors were ran- 
domized in NWTS-3 and NWTS-4 to receive VCR, 
AMD, DOX, or those three drugs with the addition 
of cyclophosphamide. The results were analyzed after 
the tumors were reclassified using the criteria of Faria 
et al.°? There was no difference in outcome between 
the regimens for children with focal anaplasia, who 
had a prognosis similar to that for favorable histology 
patients.1°! For stage II-IV diffuse anaplasia, the 
addition of cyclophosphamide to the three-drug regi- 
men improved the 4-year relapse-free survival (27.2% 
vs 54.8%). 

Treatment recommendations used in NWTS-5 
(1995-2003) are outlined in Table 32.3. Treatment 
of patients with stage I or II FH tumors, and stage I 
anaplastic Wilms’ tumor was the same. They received 
a pulse-intensive regimen of VCR and AMD for 18 
weeks. Patients with stage III FH and stage I-I 
focal anaplasia were treated with AMD, VCR, and 
DOX, and 10.8 Gy XRT. Patients with stage IV FH 
tumors received abdominal irradiation based on the 
local tumor stage and 12 Gy to both lungs. 

NWTS-5 was a single-arm therapeutic trial without 
any randomization for therapy. Prospective collection 
of information regarding biologic features of the 
tumors was part of this study. A collection of banked 
tumor specimens is available to evaluate new prognos- 
tic factors that may be identified in the future. Most 
importantly, the clinical outcome is available for 
patients for whom there are banked specimens. One of 
the primary goals of the study was to verify the prelim- 
inary findings that loss of heterozygosity (LOH) for 
chromosomes l6q and Ip is useful in identifying 
patients at increased risk for relapse and death.5! 
Among patients with stage I-I FH tumors, the rela- 
tive risk (RR) of relapse and death were increased for 
LOH Ip only (RR = 2.2 for relapse; RR = 4.0 for 
death), for LOH 16q only (RR = 1.9 and RR = 1.4), 
and for LOH for both regions (RR = 2.9 and RR = 
4.3) in comparison with patients lacking LOH at either 
locus.>2 The risks of relapse and death for patients with 
stage II-IV FH tumors were increased only with 
LOH for both regions (RR = 2.4 and RR = 2.7). 
These results demonstrate that LOH for these chro- 
mosomal regions can now be used as an independent 
prognostic factor, together with disease stage, to target 
intensity of treatment to risk of treatment failure. 

A unique aspect of the NWTS-5 trial was that a 
select group of patients <2 years of age with stage I 
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Table 32.3 Treatment schema used in National Wilms’ Tumor Study-5 


Radiotherapy Chemotherapy? 
Stage | and Il, favorable histology None Regimen EE-4A 
Stage | focal or diffuse anaplasia 
Stage I, favorable histology, age <2 years, tumor weight <550 g None Regimen EE-4A 
Stage Ill and IV, favorable histology Yes Regimen DD-4A 
Stage II-IV, focal anaplasia 
Stage II-IV, diffuse anaplasia Yes Regimen | 
Stage I-IV clear cell sarcoma of the kidney 
Stage I-IV rhabdoid tumor of the kidney Yes Regimen RTK 


a 1998 modification to original protocol: 


E Regimen EE-4A: pulse-intensive dactinomycin, vincristine (18 weeks) 

E Regimen DD-4A: pulse-intensive dactinomycin, vincristine, doxorubicin (24 weeks) 

E Regimen |: dactinomycin, vincristine, doxorubicin, cyclophosphamide, and etoposide (24 weeks) 
E Regimen RTK: carboplatin, etoposide and cyclophosphamide (24 weeks) 

E Stage IV/FH patients are given radiation based on the local tumor stage. 


FH tumors, weighing <550 g, were managed with 
surgery alone. This was based on preliminary obser- 
vation of favorable outcomes on small numbers of 
such patients when postoperative adjuvant therapy 
had been omitted.!°2 Also a review of NWTSG 
patients had found excellent outcomes for such 
patients, albeit with postoperative chemotherapy.! 
This portion of the study was closed when the 
number of tumor relapses exceeded the limit allowed 
by the design of the study. However, the 2-year over- 
all survival of this cohort was 100% due to the high 
rate of retrieval of the relapsed patients. 104 These 
results suggest that such an approach should continue 
to be evaluated in future trials. 


International Society of Pediatric 
Oncology 


The clinical protocols conducted by SIOP differ from 
the NWTSG in that therapy is given before surgery. 
This approach usually results in tumor shrinkage, 
reducing the risk of intraoperative rupture or spill.1 
It is also postulated that the neoadjuvant therapy will 
treat micrometastases, leading to a more favorable 
stage distribution at the time of surgery. A greater 
number of patients have ‘postchemotherapy stage P 
tumors. This postchemotherapy stage is used to strat- 
ify patients for treatment. 

The first two SIOP studies answered questions 
with regard to the use of prenephrectomy XRT.105 


The third SIOP study, SIOP-5, showed that 4 weeks 
of AMD and VCR was as effective as prenephrec- 
tomy XRT in avoiding surgical tumor rupture and 
increasing the proportion of patients with low-stage 
disease.!°° SIOP-6, the fourth SIOP study on Wilms’ 
tumor, demonstrated that patients with postnephrec- 
tomy stage I disease can safely be treated with 18 
weeks of AMD and VCR.!°” Those patients with 
stage II lymph node-negative disease, however, were 
shown to have a higher rate of relapse if postoperative 
abdominal irradiation was omitted. It was concluded 
that these children require more intensive post- 
nephrectomy chemotherapy, including the use of an 
anthracycline.!” Finally, SIOP-6 confirmed the need 
for a three-drug chemotherapy regimen following 
nephrectomy for those with more advanced stage dis- 
ease, i.e. stage II lymph node positive and stage III. 
The fifth SIOP Wilms’ tumor trial, SIOP-9 
(1987-1991), evaluated the duration of prenephrec- 
tomy chemotherapy. The number of postchemother- 
apy stage I was similar after either 4 or 8 weeks of 
therapy (64% vs 62%) and 2-year event-free survival 
(EFS) was equivalent.!°8 Also, there was no signifi- 
cant additional tumor shrinkage benefit after 4 weeks 
of preoperative chemotherapy.!°8 Children with stage 
ITNO disease were treated with VCR, AMD, and an 
anthracycline for 27 weeks without XRT, whereas 
children with IIN1 and II disease were given the 
same regimen and abdominal irradiation. The 2-year 
EFS and overall survival (OS) for stage INNO was 
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84% and 88% and for stage INI and II was 71% 
and 85%, respectively. There were 59 children with 
stage I-IV tumors who had complete tumor necrosis 
induced by chemotherapy, and 98% of these children 
had no evidence of disease at 5 years. 109 The latest 
SIOP study on Wilms’ tumor, SIOP 93-01 
(1993-2000), evaluated a reduction in postoperative 
therapy for patients with stage I intermediate risk and 
anaplastic Wilms’ tumor.!!° Patients were random- 
ized to receive either 4 or 18 weeks of postoperative 
chemotherapy with AMD and VCR. Two-year EFS 
was 91.4% after 4 weeks and 88.8% after 18 weeks of 
therapy, demonstrating that survival can be main- 
tained while shortening the duration of postnephrec- 
tomy therapy. The current SIOP 2001 study is 
evaluating the ability to stratify patients for treatment 
based on postchemotherapy histologic findings.58 


United Kingdom Children’s Cancer Study 
Group 


The UKCCSG has also conducted trials of children 
with Wilms’ tumor.!!"!!3 The UK approach is to 
biopsy the tumor prior to treatment. They have noted 
a 12% incidence of non-Wilms’ tumors in patients 
with the typical features of Wilms’ tumor on imaging 
study.!!4 Overall, there was 1% of benign lesions on 
biopsy, similar to rates found in SIOP studies. !°8 The 
UKW1 and UKW2 studies evaluated the single-agent 
vincristine for treatment of stage I FH tumors. 111-112 
The OS of 96% compares well with two-drug 
chemotherapy, but age >4 years was considered an 
adverse prognostic factor.!!4 


Preoperative chemotherapy vs immediate 
nephrectomy 


In summary, there is a different philosophical 
approach between the pediatric cancer cooperative 
groups. Both the NWTSG and SIOP tumor staging 
systems are designed to stratify patients into low-risk 
and high-risk groups. The goal is to select out high- 
risk patients for more intense therapy, while minimiz- 
ing treatment and thus morbidity for low-risk 
patients. Both groups want to reduce the number of 
patients receiving irradiation and doxorubicin to 
avoid the late effects of treatment (see below). Cur- 
rently, approximately 50% of SIOP patients are 
treated with an anthracycline and 17% undergo irra- 
diation, whereas approximately 35% of NWTSG 
patients have received both therapies.!15-116 The 
NWTSG trials have relied on surgical and pathologic 


staging following immediate nephrectomy. Preopera- 


tive treatment can produce dramatic reduction in the 
size of the primary tumor, decreasing the morbidity 
of surgery (Figure 32.3).!47 However, the staging 
information obtained following prenephrectomy 
chemotherapy may inadequately define the risk of 
relapse.!°”7 The current SIOP and UK approach is 
using the histologic response of the tumor to preop- 
erative therapy to decide postoperative treatment. 
The current strategy in North America will be to use 
biologic prognostic factors to stratify patients for 
therapy. 

There are situations where preoperative chemother- 
apy is routinely recommended. This includes children 
with bilateral Wilms’ tumors,!!9:!?° tumors inoper- 


Figure 32.3 (a) Magnetic resonance imaging scan of a 
large inoperable Wilms’ tumor. (b) After 6 weeks of 
chemotherapy, the same tumor has dramatically 
decreased in size. (Reproduced with permission from 
Richey et al.118) 
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able at surgical exploration,!*! and tumor extension 
into IVC above the hepatic veins.!??-!*4 The latter 
two conditions are associated with an increased risk 
for surgical complications if primary nephrectomy is 
undertaken.”8 The preoperative 
chemotherapy in patients with bilateral tumors is to 
preserve renal parenchyma. This is important because 


renal failure is a significant risk in patients with bilat- 
125,126 


rationale for 


eral disease. 


Vascular extension 


For vena caval involvement below the level of the 
hepatic veins, the caval thrombus can be removed via 
cavotomy after proximal and distal vascular control is 
obtained. Generally, the thrombus will be free-float- 
ing, but if there is adherence of the thrombus to the 
caval wall, the thrombus can often be delivered with 
the passage of a Fogarty or Foley balloon catheter. If 
the thrombus extends above the level of the hepatic 
veins, preoperative chemotherapy can shrink the 


and thrombus, facilitating complete 
31.122127 


tumor 
remov: 


Inoperable tumor 


A tumor should not be judged inoperable based on 
imaging studies alone. Preoperative imaging can 
overestimate local tumor extension and inoperability 
should only be determined on surgical exploration. It 
is also important to remember that the misdiagnosis 
rate of renal masses after assessment by diagnostic 
imaging is still 5%.108-1!4 Tf the tumor is found to be 
unresectable, pretreatment with chemotherapy almost 
always reduces the bulk of the tumor, and renders it 
resectable!?!,!?8 (see Figure 32.3). Patients who are 
staged by imaging studies alone are also at risk for 
understaging.!08 A patient determined to have an 
inoperable tumor should be considered stage III and 
treated accordingly. 12 

Repeat imaging is performed after 6 weeks of 
chemotherapy. Experience in SIOP has shown that 
maximal reduction in tumor volume occurs in the first 
8 weeks.!8 After there has been adequate shrinkage 
of the tumor, definitive resection can be completed. A 
clinically good response (by imaging) 1s usually asso- 
ciated with a pathologically good response in terms of 
regressive histologic changes.58:129 The converse is 
not always true. The distribution of histologic sub- 
types is different following preoperative chemother- 
apy compared with primary surgery, with 
differentiation of the occurring after 
chemotherapy. Stromal and epithelial predominant 


tumor 


tumors are found more often after preoperative 
chemotherapy.**!79 These histologic subtypes may 
demonstrate a poor clinical response to therapy but 
have an excellent prognosis if the tumor is completely 
excised. Patients with progressive disease have a very 
poor prognosis and these patients will require treat- 
ment with a different chemotherapeutic regimen. !?! 


Bilateral disease 


Synchronous bilateral nephroblastoma occurs in 
about 5% of children with Wilms’ tumor, with 
metachronous lesions developing in only 1% (Figure 
32.4).119,130,131 Therapy of children with bilateral 
Wilms’ tumor (BWT) is directed towards preserva- 
tion of renal parenchyma to avoid renal insufficiency. 
A review of NWTSG patients with BWT found that 
9.1% of synchronous bilateral tumors and 18.8% of 
metachronous bilateral tumors have developed renal 
failure.!25 The most common etiology for renal fail- 
ure was the need for bilateral nephrectomy for persis- 
tent or recurrent tumor in the remaining kidney after 
initial nephrectomy. NWTSG investigators noted that 


Figure 32.4 Computed tomography scan demonstrat- 
ing bilateral Wilms’ tumor: (a) before chemotherapy; 
(6) 6 weeks after chemotherapy, showing a marked 
reduction in the size of the masses. 
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nephrectomy could be avoided entirely in almost 50% 
of the group of patients undergoing initial biopsy fol- 
lowed by chemotherapy. 

The initial management, therefore, is chemother- 
apy. Repeat imaging is done 6 weeks later to assess 
response of the tumors. Experience in SIOP has 
shown that maximal shrinkage occurs after 4—6 weeks 
of chemotherapy. As noted above, one cannot predict 
the histology of the tumor by response (on imaging) 
to the chemotherapy.**!79 Differentiated tumors may 
show a poor clinical response to therapy, but have an 
excellent prognosis if the tumor is completely excised. 
Tumors with complete necrosis and predominantly 
regressive changes can also increase in size during 
therapy.°* Tumors not responding to therapy require 
open biopsy to exclude anaplasia. 

At the time of the second-look procedure, partial 
nephrectomy or wedge excision of the tumor should 
be considered, but only if complete tumor resection 
with negative margins can be obtained and part of 
either or both of the kidneys can be salvaged. If the 
tumors are not amenable to partial resections, patients 
with persistent viable tumor are then treated with a 
different chemotherapeutic regimen. The patient 
should be reassessed after an additional 12 weeks of 
chemotherapy to determine the feasibility of resec- 
tion. If it appears that either or both of the kidneys 
can be salvaged, partial nephrectomies or wedge exci- 
sions of the tumors are performed. Radical nephrec- 
tomy is performed to remove the kidney with too 
extensive tumor involvement when only one of two 
can be preserved. Bilateral nephrectomies and dialysis 
may rarely be required when the tumors fail to 
respond to chemotherapy and radiation therapy. The 
recommended interval between successful completion 
of treatment of the Wilms’ tumor and renal trans- 
plantation varies. Some clinicians advocate a waiting 
period of 2 years to ensure that the patient does not 
develop metastatic disease; others have found that a 
l-year interval is sufficient. 13? STOP investigators 
have noted that late relapses have occurred in patients 
with BWT more than 4 years post-treatment and rec- 
ommended long-term follow-up. 13 I 


Partial nephrectomy in unilateral tumors 


The success of renal preservation in BWT has 
prompted some centers to recommend renal sparing 
surgery for unilateral tumors. 133-135 They cite concern 
about the late occurrence of renal dysfunction in chil- 
dren who have undergone unilateral nephrectomy. 
There is both clinical and experimental evidence of 


hyperfiltration damage of remnant nephrons after a 
loss of renal mass. Following treatment for unilateral 
Wilms’ tumor, some patients develop proteinuria and 
a decrease in creatinine clearance.!36137 However, 
other investigators have failed to confirm these find- 
ings. 138-132 A review of NWTSG patients found that 
the incidence of renal failure in children with unilat- 
eral tumors is 0.25%.1?5 Most of those patients had 
the Denys—Drash syndrome with intrinsic renal dis- 
ease, which often progresses to end-stage disease even 
in the absence of tumor. More recently, other sub- 
groups of patients at increased risk for renal insuffi- 
ciency have been identified.!2° Patients with the 
WAGER syndrome have a markedly increased risk of 
renal failure. Breslow et al!2© found a 38% risk of 
renal failure that occurred at a median of 14 years 
from diagnosis. They also noted an increased risk for 
renal failure in children presenting with genitourinary 
anomalies and Wilms’ tumor. In summary, the risk of 
developing renal failure following treatment appears 
to be quite low for most children with unilateral 
Wilms’ tumor, although continued long-term follow- 
up of this cohort of children is necessary. 

Screening of patients at an increased risk for the 
development of Wilms’ tumor (e.g. BWS, hemihy- 
pertrophy, aniridia) will occasionally detect a small 
lesion inviting the possibility of a renal sparing proce- 
dure.?? There is an increased incidence of metachro- 
nous Wilms’ tumor development in patients 
undergoing unilateral nephrectomy if nephrogenic 
rests are found in the kidney adjacent to the tumor.” 
Children with BWS, hemihypertrophy, and aniridia 
do have an increased incidence of nephrogenic rests in 
comparison to patients with unilateral Wilms’ tumor 
not associated with congenital anomalies.© 

The majority of Wilms’ tumors are too large for a 
partial nephrectomy at initial presentation. Therefore, 
pretreatment with chemotherapy is usually necessary if 
renal sparing surgery is to be considered.133-135 Staging 
of the patient after chemotherapy could lead to inaccu- 
racy, as discussed above. Some clinicians advocate enu- 
cleation of the tumor to allow parenchymal sparing 
procedures for even centrally located tumors where 
partial nephrectomy with a rim of renal tissue would be 
inadvisable.1*4 However, anaplastic histology must be 
excluded before consideration of enucleation. The pos- 
sible benefits of renal parenchymal conserving surgery 
must be evaluated against the potential risks of such 
procedures. Partial nephrectomy and enucleation 
increase the risk for positive surgical margins. A review 
of children with BWT enrolled in NWTS-4 found that 


the incidence of local recurrence was 7.5% following 
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partial nephrectomy and 14% after enucleation. !4° 


Although OS was comparable, patients with residual 
disease and recurrences required additional therapy to 
attain a similar outcome. 

In summary, parenchymal sparing procedures for 
patients with unilateral Wilms’ tumor are controver- 
sial. It seems reasonable to consider partial nephrec- 
tomy for patients with BWT, tumor in a solitary 
kidney, and renal insufficiency. For other children, this 
option should be approached with caution. The data 
reviewed above suggest a fivefold increase or 5% inci- 
dence of the development of metachronous Wilms’ 
tumor in children in these high-risk categories. Does 
this risk justify the routine use of preoperative 
chemotherapy to facilitate partial nephrectomies in all 
patients with BWS, hemihypertrophy, or aniridia 
found to have unilateral tumors? As noted in the dis- 
cussion above, there is a risk for undertreatment and 
potentially increased risk of local recurrence. These 
risks must be weighed against the possible benefit of 
decreasing the incidence of renal failure. 


Late effects of treatment 


Each therapeutic modality used in the management of 
Wilms’ tumor can result in both acute and delayed 
toxicities. Numerous organ systems are subject to the 
late sequelae of anticancer therapy. Late effects of 
cancer therapy are predictable, based on treatment 
modalities used, age of patient at treatment, and time 
elapsed since therapy. Clinicians must now become 
familiar with the spectrum of problems that face these 
children as they grow into adulthood. Long-term 
follow-up of treatment-related complications has 
been an integral role of the NWTSG. One of the 
major objectives of the pediatric cancer cooperative 
groups has been to reduce the intensity of treatment 
in order to prevent or lower the morbidity of multi- 
modal therapy without reducing efficacy. 141 

Children treated for Wilms’ tumor are at increased 
risk for second malignant neoplasms (SMNs). 
NWITSG investigators reported that 15 years after ini- 
tial (Wilms’ tumor) diagnosis, the cumulative inci- 
dence of an SMN is 1.6% and increasing steadily. 142 
This is more than eight times the expected incidence. 
The risk of developing leukemia or lymphoma is great- 
est in the first 8 years after treatment. The risk of 
developing a solid tumor continues to increase over 
time. Most tumors occur in previously irradiated areas, 
but prior treatment for relapse, and use of DOX were 
also associated with an increased incidence of SMNs. 


Congestive heart failure is a known complication of 
treatment with an anthracycline.!4% The frequency is 
directly proportional to the cumulative dose of DOX 
received. In addition to the acute cardiotoxicity, 
reports are surfacing of cardiac failure up to 20 years 
after treatment.!#4 In a preliminary review of patients 
entered on NWTS-1, -2, and -3, the frequency of con- 
gestive heart failure was 1.7% among DOX-treated 
patients.45 The risk was increased if the patient 
received whole lung irradiation. In light of these find- 
ings, all children who undergo treatment with these 
modalities should undergo periodic re-evaluation. 

Growth disturbances are known complications of 
cancer therapy in children. Spinal irradiation can 
result in severe reduction in spinal growth.!*° Simi- 
larly, chemotherapeutic agents can have a direct effect 
on chondrocytes, resulting in resistance to endoge- 
nous growth hormone and subsequent growth 
impairment. 147 Hogeboom et al studied the impact of 
treatment on stature in Wilms’ tumor patients.!48 
They concluded that while reductions in stature 
directly correlated to total radiation dose and age at 
treatment, currently recommended radiation doses 
should not result in a clinically significant impact. 

Damage to reproductive systems can lead to prob- 
lems with hormonal dysfunction and/or infertility. 
Gonadal radiation in males can result in temporary 
azoospermia and hyogonadism.!4? The effect on the 
testis is dose related, and the prepubertal germ cells 
also appear to be radiosensitive. In a follow-up of 10 
men treated for Wilms’? tumor in childhood, 
oligospermia or azoospermia was found in 8.150 The 
Leydig cells are more radioresistant than the germ 
cells, but higher doses can produce damage resulting 
in inadequate production of testosterone. This can 
result in delayed sexual maturation. 

Chemotherapeutic agents can interfere with testic- 
ular function, particularly alkylating agents. Acute 
toxicity with germ cell depletion occurs in all age 
groups. Some long-term studies suggested that pre- 
pubertal testes are resistant to chronic toxicity.151 
However, recent studies have indicated that prepu- 
bertal testes are not protected from chemotherapy- 
induced damage.152-153 One report found that 12 of 
19 prepubertal males treated for a variety of solid 
tumors were sterile as a result of treatment. 153 

Female Wilms’ tumor patients who received 
abdominal radiation have a 12% incidence of ovarian 
failure.!°4 Of 16 women who received whole abdomi- 
nal irradiation, all had evidence of ovarian failure and 
75% were amenorrheic.!55 As with the testis, the effect 
on the ovaries is dose dependent. Chemotherapy- 
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induced damage to the ovaries is most often associated 
with alkylating agents. A decrease in the number of 
follicles is seen in prepubertal girls treated with 
chemotherapy.!°° Premature menopause is a common 
complication of female childhood cancer survivors. 57 
It is usually associated with radiation therapy and/or 
treatment with alkylating agents. Byrne et al demon- 
strated that women receiving alkylating agents were 
9.2 times more likely to enter premature 
menopause. 157 Although further studies are needed to 
assess the extent of the problem, it appears prudent to 
counsel survivors at risk that a delay in first pregnancy 
may preclude having children.!58 In the future, cryo- 
preservation and reimplantation of oocytes may be a 
viable alternative for these patients. 

Several studies have addressed the risk of pregnancy 
in survivors after childhood cancer therapy. As noted 
above, girls with Wilms’ tumor appear to have a 
higher incidence of Miillerian anomalies, causing 
some authors to suggest postpubertal level 2 ultra- 
sound evaluation to detect these abnormalities prior 
to pregnancy.?! Women with prior abdominal radia- 
tion have the greatest potential for adverse pregnancy 
outcomes. In a study of patients treated for Wilms’ 
tumor, an adverse outcome occurred in 3% among 
non-irradiated women compared with 30% of 
women who received abdominal irradiation.5? Peri- 
natal mortality rates are higher, and infants are more 
likely to have low birth weights. The potential muta- 
genic effects of anticancer therapy are of concern. 
Most studies have found no increase in the incidence 
of congenital anomalies and no cases of Wilms’ tumor 
in the offspring of survivors. 159-160 

Most children treated for Wilms’ tumor undergo 
unilateral nephrectomy as part of the initial treatment. 
As noted above, there is risk of dysfunction of the 
solitary remaining kidney. Impairment of renal func- 
tion may be related to irradiation, administration of 
nephrotoxic chemotherapeutic agents, or hyperfiltra- 
tion of the remaining nephrons. Initially, there is 
compensatory hypertrophy that develops in this 
kidney. 161.162 The data are conflicting regarding renal 
compensatory hypertrophy in patients who receive 
whole abdominal irradiation. Walker et al found no 
difference in renal lengths between patients treated 
with chemotherapy and radiation vs chemotherapy 
alone.!©! However, a more recent report used ultra- 
sound to calculate renal lengths and found that 
patients receiving radiation had poor compensatory 
growth. 162 

The kidney is sensitive to the effects of radiation. 
Radiation doses to the kidney should be limited to 


12-15 Gy. Mitus and colleagues correlated functional 
impairment with the renal radiation dose in a review 
of 100 children treated for Wilms’ tumor.163 The inci- 
dence of impaired creatinine clearance was signifi- 
cantly greater for children receiving >12 Gy to the 
remaining kidney and all cases of overt renal failure 
occurred in patients who had received >23 Gy. Clin- 
ical signs of radiation nephritis may occur very acutely 
or begin months or years after therapy is discontin- 
ued.!63 Direct radiation nephrotoxicity is the usual 
cause, with injury to the intrarenal vasculature. 
Nephrotoxicity related to chemotherapy is well docu- 
mented. Studies in children have demonstrated that 
alkylating agents in particular are associated with 
renal tubular dysfunction related to drug metabo- 
lites.16t Unfortunately, Mesna has not been protective 
against these effects. A recent study by Bardi et al has 
suggested that high-risk Wilms’ patients receiving 
agents such as cyclophosphamide may be at risk for 
early, subclinical, renal dysfunction, as evidenced by 
elevated levels of cystatin C, a measure of glomerular 
function, and elevated N-acetyl-B-D-glucosaminidase 
along with microalbuminuria.!© The latter are both 
indicators of proximal tubular dysfunction. The long- 
term significance of these findings remains to be 
determined. 


Other renal tumors of childhood 


Cystic partially differentiated 
nephroblastoma 


Cysts are common in Wilms’ tumor and range in size 
from microscopic to several centimeters in diameter. 
Tumors composed of only cysts with immature 
nephrogenic elements and blastema within the deli- 
cate septa are designated cystic partially differentiated 
nephroblastoma. The majority of these lesions occur 
in the first year of life.166 These lesions are indistin- 
guishable radiographically from solitary multilocular 
cyst described below. Surgery is curative in almost all 
patients, with recurrence the result of incomplete 


resection. 167-168 


Muttilocular cystic nephroma 


Multilocular cystic nephroma, also known as solitary 
multilocular cyst, is an uncommon, benign renal 
tumor with a bimodal incidence. This tumor is dis- 
tinguished by the finding of only mature cell types 
within the septa of the cyst wall. Fifty percent of the 


multilocular cysts reported in the literature have been 
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found in children younger than 4 years; boys pre- 
dominate in a ratio of 2:1. The second peak incidence 
occurs in adults, and, unlike the pediatric cases, are 
usually in women.! 

Cystic nephromas are commonly found incidentally 
on radiographic studies, but may present as an 
abdominal mass found on routine physical examina- 
tion. Whereas the majority of cases of multilocular 
cystic renal disease have been unilateral, there are rare 
reports of bilateral cases.!7? The gross appearance of 
the tumor is its most distinguishing feature. The cut 
surfaces reveal a well-circumscribed multilocular 
tumor composed of cysts ranging from several mil- 
limeters to several centimeters in greatest diameter. 
The tumor is well encapsulated, compressing the sur- 
rounding renal parenchyma. 

Multilocular cystic nephroma is a benign lesion 
which is cured by nephrectomy. Recurrence has 
occurred following incomplete excision by partial 
nephrectomy. If partial nephrectomy is considered, 
frozen section is indicated to exclude cystic, partially 
differentiated nephroblastoma.!° 


Congenital mesoblastic nephroma 


Congenital mesoblastic nephroma (CMN) is the most 
common renal tumor in infants, with a mean age at 
diagnosis of 3.5 months.!7! The typical presentation 
is a newborn with an abdominal mass, but in recent 
years a number of cases have been recognized prena- 
tally, with polyhydramnios a frequent prenatal find- 
ing.172173 Tumor induction is postulated to occur at 
a time when the multipotent blastema is predomi- 
nately stromagenic.!”4 The neoplasm is distinct from 
Wilms’ tumor and has three histologic subtypes: clas- 
sic, cellular, and mixed (showing areas of both classi- 
cal and cellular). The classic subtype, 24% of cases, is 
characterized by interlacing sheets of bland spindle 
cells. Classic CMN resembles infantile fibromatosis. 
The cellular variant, 66% of cases, has a solid sheet- 
like growth pattern and cells with little cytoplasm and 
frequent mitoses.!75-!77 The cellular variant is virtu- 
ally identical histologically to congenital fibrosar- 
coma. Molecular studies have found a similar 
translocation in both tumors that fuses the ETV6 
(TEL) gene from chromosome 12p13 with the chro- 
mosome 15q25  neurotrophin-3 receptor gene, 
NTRK3.178 

Imaging studies cannot reliably distinguish CMN 
from other renal mass lesions. Abdominal CT shows 
a heterogeneous solid mass arising from the kidney 
(Figure 32.5). Complete excision is curative for most 


Figure 32.5 Computed tomography scan of an infant 
with congenital mesoblastic nephroma. 


patients with CMN.!7! Local recurrence and metasta- 
sis can occur, particularly with the cellular variant of 
CMN.!7°176 The pathology specimen will often iden- 
tify extension of tumor into the hilar or perirenal soft 
tissue; therefore, complete surgical resection is impor- 
tant.!77 The risk of recurrence is thought to be less in 
children under 3 months of age at diagnosis, but 
metastases have been reported in a few infants.!7? 
Neither chemotherapy nor radiation therapy is rou- 
tinely recommended,!”! but consideration for adju- 
vant treatment should be given to patients with 
cellular variants that are incompletely resected.!”° 
There are reports demonstrating response of both 
inoperable and recurrent tumors to chemother- 
apy. 180,181 


Clear cell sarcoma of the kidney 


This tumor is also known as the ‘bone-metastasizing 
renal tumour of childhood’ because of its predilection 
for these sites.°%!82 There are also an increased 
number of brain metastases with this entity. 183 CCSK 
accounts for 3% of renal tumors reported to the 
NWTSG. Unlike anaplastic Wilms’ tumor, even stage 
I CCSK lesions are associated with increased rates of 
relapse. There are no reports of children with bilateral 
CCSK. Studies have demonstrated that the use of 
DOX is associated with a significant improvement in 
outcome for these children.82-184 Patients with CCSK 
were treated on NWTS-5 with a regimen combining 
VCR, DOX, cyclophosphamide, and etoposide in an 
attempt to further improve the survival of this high- 
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risk group, but results of that trial are pending. All 
patients with CCSK require irradiation to the tumor 
bed. 


Rhabdoid tumor of the kidney 


RTK was first identified by NWTSG pathologists in 
1978.5 This is a highly malignant tumor of the 
kidney and accounts for 2% of renal tumors regis- 
tered to the NWTSG.®289 The tumor derives its name 
from the resemblance to rhabdomyoblasts, but it is 
not derived from myogenic cells; the cell of origin is 
unknown. This tumor is typically seen in infants and 
very young children, with a median age of 13 months. 
Infants with RTK often have concurrent brain 
tumors. It is difficult to ascertain if these are metas- 
tases or two distinct primary tumors.!®> Recent stud- 
ies suggest that there is a common genetic basis for 
renal and extrarenal rhabdoid tumors in infants.!8° 
There is a deletion or mutation in the tumor suppres- 
sor gene INI-1 on chromosome 22 that predisposes 
to the development of this tumor. Staining for the 
products of the INI-J gene can be useful, as RTK is 
consistently negative.!8”7 The prognosis of patients 
with rhabdoid tumor remains dismal with conven- 
tional chemotherapeutic regimens, with over 80% of 
children dying within 1 year of diagnosis.188 In 
NWTS-5, children with all stages of rhabdoid tumor 
were treated with carboplatin, cyclophosphamide, 
and etoposide; they also received abdominal irradia- 
tion, but results of that trial are pending. 


Renal cell carcinoma 


Only 5% of renal cell carcinomas occur in children.!8? 


These patients generally present after age 5 years, and 
it is the most common renal malignancy in the second 
decade of life.!9° Survival of children with renal cell 
carcinoma is dependent on the ability to completely 
resect the tumor. Raney et al found that all children 
with stage I lesions survived;!?! OS was about 50%. 
Age is also a prognostic factor, with improved sur- 
vival in children younger than 11 years," A recent 
report suggested that local lymph node involvement 
does not predict a poor outcome compared with adult 
renal cell carcinoma.!9? Renal cell carcinomas in chil- 
dren also differ in their morphology and molecular 
characterization. There is a higher percentage of 
TFE3 (transcription factor micro E3 binding protein) 
‘translocation’ carcinomas and ‘unclassified’ carcino- 
mas in the first two decades of life.!93 There is also a 
lower frequency of clear cell carcinomas and VHL 
(von Hippel-Lindau gene) alterations compared with 


adults. These tumors do not appear responsive to 
chemotherapy or radiation therapy. 
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The diagnosis of a renal tumor in children is always 
accompanied by great apprehension in the family and 
caregivers. Preoperative management has been exten- 
sively described in the previous chapter. The surgeon 
is an important member of the team managing such 
patients. A detailed and well-organized surgical plan 
not only facilitates complete tumor removal without 
spillage but also ensures accurate staging and 
improves patient survival. Surgical approaches can 
differ depending on the suspected diagnosis and 
patient age.! In order to decide on the best surgical 
strategy, several anatomic and physiologic points 
should be considered and deserve further discussion. 


Anatomic relationships 


Adjacent organs 


The kidneys are located in the lumbar fossa sur- 
rounded by a layer of perinephric fat, which is cov- 
ered by a thin fascial layer called Gerota’s fascia. 


Organs and structures adjacent to the kidneys are: 


E Posteriorly: diaphragm, psoas major, and quadra- 
tus lumborum muscles. 
E Anteriorly: 
Right kidney: liver, hepatic flexure of the colon, 
second portion of the duodenum, adrenal gland. 
Left kidney: spleen, body of the pancreas, stom- 
ach, splenic flexure of the colon, adrenal gland. 


Renal vasculature 


The kidney has four vascular segments, termed apical, 
anterior, posterior, and basilar. A relative avascular 
plane exists between the junction of the anterior and 
posterior segments. This is the preferred line of inci- 
sion whenever parenchymal incisions are necessary. 


Arterial blood supply 


Each segment is supplied by one or more arterial 
branches. Ligation of one of these branches results in 
devascularization of the corresponding renal segment 
since they are end arteries without collateral circula- 
tion. Multiple renal arteries occur unilaterally in 23% 
and bilaterally in 10% of the population. 

The kidney is susceptible to ischemia due to a very 
active aerobic metabolism. Experimental studies indi- 
cate that a warm ischemic time of up to 30 minutes 
can be sustained without significant functional loss.3 
Renal proximal tubular cells are the most sensitive to 
ischemia during arterial occlusion and may be dam- 
aged transiently or permanently depending on the 
duration and severity of the injury. When a long sur- 
gical period of ischemia is expected, external surface 
cooling or perfusion of the kidneys with cold solution 
instilled into the renal artery is required. External sur- 
face cooling is the more practical and less invasive of 
the two methods. It is preferable to keep the entire 
kidney covered with ice for 10-15 minutes after arte- 
rial occlusion. Temperatures of 20-25°C can be 
maintained using this method and animal and 
humans studies have shown that hypothermia to this 
degree allows for complete renal protection from arte- 
rial occlusion for up to 3 hours.* Generous preopera- 
tive and intraoperative hydration and the avoidance of 
unnecessary renal artery manipulation or traction are 
additional measures to protect against ischemic renal 
injury. The administration of mannitol 10-15 min- 
utes prior to arterial occlusion is also beneficial, since 
it increases renal plasma flow, decreases intrarenal vas- 
cular resistance, minimizes cellular edema, and pro- 
motes an osmotic diuresis when renal circulation is 
re-established.*© When renal ischemia is necessary for 
surgery, it is preferable to occlude the artery alone 
since the simultaneous occlusion of the artery and 
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vein seems to produce additional venous congestion 
and more renal damage." 


Venous drainage 


Multiple renal veins are less common than multiple 
renal arteries. The right renal vein is shorter than the 
left and has no tributaries. The left renal vein is longer 
and has a thicker muscular layer. Injuries to the right 
renal vein occur more easily, given its thinner wall. Both 
renal veins enter the inferior vena cava (IVC) laterally. 
The left adrenal and gonadal veins are significant 
branches, draining into the left renal vein, and their 
presence has important implications for extensive vascu- 
lar resections. Occlusion of the left renal vein at the level 
of the IVC will not significantly impair venous drainage 
of the left kidney, since collateral venous drainage can 
develop via the tributaries of the left renal vein. Involve- 
ment of the IVC by tumor thrombus has variable clini- 
cal repercussion, depending on the side as well as the 
level of involvement. Lower extremity edema, a varico- 
cele, dilated superficial abdominal veins, proteinuria, 
pulmonary embolism, a right atrial mass or non-func- 
tion of the involved kidney are all clinical signs sugges- 
tive of intravascular tumor extension.” Transabdominal 
color Doppler ultrasonography and magnetic resonance 
imaging (MRI) are the preferred studies when evaluat- 
ing for intravascular tumor extension.’ Tumor throm- 
bus extending to the IVC is variable, and the more 
cephalad the extension the more difficult the surgical 
resection will be. Fortunately, the tumor thrombus does 
not usually invade the wall of the IVC and can be 
removed with the affected kidney using a simple veno- 
tomy. When the thrombus does involve the wall of the 
IVC, resection of the involved segment is required. 
Resection of the infrarenal segment of the IVC can usu- 
ally be done safely, since a rich collateral circulation 
develops in most cases. With right-sided renal tumors, 
the suprarenal portion of the IVC can also be safely 
removed since venous drainage from the left kidney can 
occur via the gonadal and adrenal tributaries. A similar 
resection cannot be performed for left renal tumors, 
since there is no significant collateral venous circulation 
for the right renal vein once drainage to the IVC is 
interrupted. Knowledge of these anatomic particulari- 
ties has great importance when planning the surgical 
strategy for renal tumors with vascular involvement. 


Collecting system 


Each renal segment contains one or more major cal- 
ices draining the corresponding portion of the kidney. 


In total, 8-10 major calices open into the renal pelvis. 
An understanding of the caliceal anatomy is required 
when performing partial nephrectomy if one is to 
adequately repair the collecting system if it is entered 
during tumor resection. 


Preoperative evaluation 


Laboratory investigations 


All children should have a preoperative hemoglobin 
level, a white blood cell (WBC) count with differen- 
tial, and a platelet count. Acquired von Willebrand’s 
disease can occur in up to 8% of patients, and con- 
sideration may be given to performing a bleeding 
time.” Renal function should be assessed with serum 
electrolytes, along with a serum creatinine and blood 
urea nitrogen (BUN) level. Liver function testing 
should include serum aspartate aminotransferase 
(AST), serum alanine aminotransferase (ALT), total 
bilirubin, and alkaline phosphatase. The serum cal- 
cium level should be checked, since it may be elevated 
in children with congenital mesoblastic nephroma 
and rhabdoid tumor of the kidney.? Urinalysis and 
urine culture complete the laboratory investigations. 
Patients with suspected or proven urinary tract infec- 
tion should receive 48 hours of antibiotic therapy 
since severe bacteremia can occur following manipu- 
lation of an infected kidney. 


Radiologic imaging 


The goal of preoperative imaging is to evaluate local 
extension of the mass, assess for possible contralateral 
lesions, confirm adequate contralateral renal function, 
and evaluate for possible vascular invasion. Ultra- 
sonography can confirm the organ of origin and the 
solid nature of the lesion. Doppler assessment of the 
renal vein and IVC is essential when evaluating for 
intravascular tumor extension.” Computer tomogra- 
phy (CT) can assess the degree of local involvement 
and regional extension. The contralateral kidney 
should also be carefully assessed for additional masses 
and adequate function. Three-dimensional recon- 
struction of CT images is important when a partial 
nephrectomy is planned.!° MRI is excellent for map- 
ping intravascular tumor extension and can be used 
when the ultrasound results are inconclusive.® Chest 
radiographs and a chest CT are performed to identify 
pulmonary lesions. 

Certain investigations are necessary only with spe- 
cific types of tumors. Renal cell carcinoma and clear 
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cell carcinoma tend to metastasize to bone. Conse- 
quently, patients should undergo a bone scan and 
skeletal survey.!! Brain metastases can occur with 
both clear cell sarcoma and rhabdoid tumor of the 
kidney; therefore, a head MRI or CT scan should be 


performed in these patients. ! 


The surgical management of Wilms’ 
tumor 


Patient preparation 


Proper patient preparation and positioning is essential 
for an optimal surgical outcome. The incision should 
allow for unhindered access to the tumor mass, enable 
the surgeon to accurately assess the abdomen for stag- 
ing purposes, and allow the surgeon to deal appropri- 
ately with potential complications should they 
develop. The typical incision is transverse, extending 
from the tip of the 12th rib on the affected side to the 
lateral margin of the opposite rectus muscle. Some 
surgeons prefer to extend the incision further, by 
taking it to the tip of the 12th rib on the opposite 
side. 

The placement of intravenous (IV) lines in the 
lower extremities should be avoided. This is particu- 
larly important when tumor thrombus extends into 
the renal vein or vena cava and surgical management 
is anticipated. The placement of an arterial line is rec- 
ommended to accurately measure mean arterial blood 
pressure. This is especially important in patients with 
large tumors or vascular involvement. 

Most solid renal tumors in children are malignant. 
The most prevalent diagnosis in younger patients is 
Wilms’ tumor. Renal cell carcinoma occurs more 
commonly in older children and adolescents. Patient 
age therefore has potential implications when plan- 
ning the surgical strategy. Preoperative management, 
as well as the timing for surgical intervention in chil- 
dren with Wilms’ tumor, has been discussed earlier. 


Surgical principles 


Adequate exposure is essential and is usually achieved 
via a transabdominal, transperitoneal incision. Prior 
to nephrectomy, a complete abdominal exploration 
should be performed and the kidneys palpated and 
inspected completely to exclude bilateral pathology. 
The entire abdominal cavity is inspected in order to 
rule out macroscopic metastatic disease and to pro- 
vide surgical staging. Gerota’s fascia of the contralat- 
eral kidney should be opened, and both the anterior 


and posterior renal surfaces inspected. This must be 
performed routinely, since preoperative imaging may 
miss approximately 6% of bilateral Wilms’ tumors 
(although the necessity for contralateral exploration is 
controversial, as survival rates are not different in 
those with contralateral metachronous tumor). Most 
of these missed tumors are <2 cm, and their removal 
has an excellent outcome.!*4 Suspicious areas within 
the kidney parenchyma noted on preoperative imag- 
ing should be biopsied. Chemotherapy should be the 
initial approach when bilateral Wilms’ tumor is 
encountered. Suspected residual tumor is removed 
following chemotherapy.!>!° Similarly, areas suspi- 
cious for abdominal metastases should be biopsied 
and marked with small titanium clips. At the time of 
surgical resection, clipping is recommended to mark 
areas of possible residual tumor and resection mar- 
gins. Biopsy of the tumor prior to nephrectomy 
should be avoided in order to prevent tumor spillage. 


Nephrectomy 


The left colon is reflected to achieve adequate renal 
exposure and access to the great vessels. Division of 
the splenocolic ligament facilitates colonic mobiliza- 
tion and avoids excessive traction and possible splenic 
injury. On the right side, the colon and duodenum are 
mobilized in order to get adequate access to the IVC 
and aorta. 

Exposure and ligation of the renal vessels should be 
attempted, if technically feasible, prior to mobilizing 
the kidney, in order to reduce the risk of hematoge- 
nous tumor dissemination. As previously mentioned, 
the renal vein is shorter on the right, and care must be 
taken to avoid injury to the IVC. The right renal 
artery can be dissected either lateral to the vena cava 
or between the vena cava and aorta. The latter 
approach can be helpful with large tumors that extend 
medially. The renal vein is longer on the left and 
passes over the aorta. Tributaries of the left renal vein 
include the gonadal, adrenal, and lumbar veins, and 
care must be taken to avoid their inadvertent injury. 
The left renal artery is located by retracting the renal 
vein. Early ligation of the renal vessels may not be 
possible with large tumors, and a technically difficult 
or dangerous dissection should not be attempted. 

Biopsies should not be taken prior to tumor resec- 
tion in order to avoid tumor spillage. Rupture of the 
renal capsule or tumor spillage into the peritoneum 
will upgrade the tumor stage. Gerota’s fascia should 
be removed with the kidney, since extension into the 
perinephic fat can occur and is an important factor 
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when staging the disease. The adrenal gland may be 
preserved if it is not adjacent to the tumor mass. The 
presence of an upper pole tumor usually requires 
removal of the ipsilateral adrenal gland. Ureteral liga- 
ture is performed as distal as convenient, but com- 
plete resection of the ureter is not necessary. 

Radical resection of involved organs should be 
undertaken only if complete resection of tumor is 
possible. If complete resection is not technically pos- 
sible, a tumor biopsy should be performed. Since 
tumor often adheres to and compresses surrounding 
organs without actual invasion, chemotherapy can be 
used to shrink the tumor and subsequently allow 
resection with preservation of adjacent structures. 
Titanium clips should be used to mark suspicious 
areas, resection margins, and residual tumor in order 
to guide future radiologic investigation or radiation 
planning. Clips should not be used for hemostasis, 
and the number used should be kept to a minimum. 


Inoperable tumors 


Occasionally a tumor is found involving vital struc- 
tures and is considered inoperable. It is important to 
keep in mind that large tumors may give the mislead- 
ing appearance of extension into adjacent organs. 
They often compress or adhere to these structures 
without true invasion and are amenable to complete 
resection. This notwithstanding, consideration on the 
part of the surgeon should include the feasibility of 
safe removal of these large tumors. Intraoperative 
rupture and peritoneal spillage upstage the disease 
when they occur and necessitate postoperative radia- 
tion. This is usually worse for prognosis than biopsy, 
chemotherapy, and eventual resection. Unresectable 
tumors should be considered stage III and treated 
accordingly. !7 


Lymph node sampling 


A formal lymph node dissection is not required.!* In 
addition to assessing for hilar lymph node involve- 
ment, routine lymph node sampling should be per- 
formed from the iliac, para-aortic, and celiac regions. 
All suspicious lymph nodes require excision. 


Intravascular invasion 


Careful palpation of the renal vein and IVC can reveal 
evidence of intravascular invasion. Intracaval tumor 
extension occurs in 4% of patients.” This is particu- 
larly important to keep in mind when patients present 
with lower extremity edema, varicocele, dilated super- 


ficial abdominal veins, proteinuria, pulmonary 
embolism, a right atrial mass, or non-function of the 
involved kidney. 

Intravascular tumor extension should be removed en 
bloc with the kidney if possible. Left-sided renal 
tumors with IVC involvement present a greater techni- 
cal challenge than similar right-sided tumors. The right 
renal vein lacks significant tributaries to provide collat- 
eral venous drainage in the absence of the IVC. Tumor 
extension above the hepatic veins can be treated with 
preoperative chemotherapy. Tumor thrombus unre- 
sponsive to chemotherapy and involving the vena cava 
above the hepatic veins should be resected with the 
assistance of the cardiac surgery team, especially if atrial 
involvement is present. A midline thoracoabdominal 
incision is required in such cases. A chevron transab- 
dominal incision is preferred when there is renal vein or 
infrahepatic vena caval involvement. The renal artery 
and ureter are ligated and divided, and the entire 
kidney is mobilized outside Gerota’s fascia. The kidney 
is left attached only by the involved renal vein. It is 
important to avoid excessive mobilization of the renal 
vein and IVC in order to avoid displacement of the 
tumor thrombus. The IVC is dissected and controlled 
above and below the renal veins and any additional 
small tributaries are also controlled and ligated. The 
contralateral renal vein is controlled as well. The ante- 
rior surface of the renal vein is incised over the throm- 
bus and the incision is then continued posteriorly 
beneath the thrombus. In the majority of cases there is 
no attachment of the thrombus to the wall of the vena 
cava, and gentle traction on the kidney extracts the 
thrombus. At this point it is important to release the 
suprarenal vena cava and apply positive pulmonary 
pressure. This maneuver ensures that small remaining 
fragments of the thrombus are flushed from the vena 
cava, which is then repaired.? 

When the thrombus is invading the wall of the vena 
cava, an en bloc resection is mandatory. Resection of 
the infrarenal portion of the vena cava can usually be 
performed safely because of the rich collateral circula- 
tion that develops in most cases. Resection of the 
suprarenal portion of the vena cava is also possible, 
but some important principles must be taken into 
consideration. For right-sided tumors, this resection 
can be accomplished provided ligation of the left renal 
vein is performed adjacent to the vena cava. This 
allows collateral circulation from the gonadal and 
adrenal veins to drain the left kidney. For left-sided 
tumors, a similar resection cannot be performed since 
right-sided renal venous drainage lacks a similar col- 
lateral network. 
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Tumor spillage and rupture 


Peritoneal soiling during resection classifies the 
patient as stage III. It is important to define whether 
soiling is diffuse or local. Percutaneous needle biopsy 
is considered local spillage. An incisional biopsy at the 
time of surgery is considered local spillage unless the 
operating surgeon considers peritoneal soiling to have 
occurred. Tumor spillage is considered when the pri- 
mary tumor capsule is violated or tumor is cut across 
during the dissection of adherent organs, lymph 
nodes, or intravascular tumor thrombus. Tumor rup- 
ture disseminates tumor cells throughout the peri- 
toneal cavity. Bloody peritoneal fluid is a sign of 
major spillage. It is also important to describe if an 
intraoperative develops, since the 
hematogenous spread of tumor cells is presumed to 
occur in this case and necessitates a stage II classifi- 
cation. Finally, when tumor penetrates the renal cap- 
sule such that the free surface communicates with the 
peritoneum, major spillage is considered. It is very 
important to describe precisely how spillage occurs 


and to define it as local or diffuse. 


hematoma 


Partial nephrectomy 


Partial nephrectomy is not routinely indicated for 
Wilms’ tumor except in the presence of bilateral dis- 
ease or tumors in a solitary kidney. Partial nephrec- 
tomy in these situations is performed following an 
initial biopsy and course of chemotherapy to reduce 
tumor size. Partial nephrectomy can also play a role in 
the management of patients with underlying condi- 
tions predisposing to Wilms’ tumor such as Beck- 
with—Wiedemann syndrome or WAGR syndrome. !? 
Children with a solitary kidney or renal failure are also 
candidates.!2 The surgical principles for performing 
partial nephrectomy are described in detail later. 


Pathology specimen 


All surgical specimens should be submitted fresh and 
intact. Fixing the specimen in formalin should be 
avoided. The specimen should not be bivalved, since 
the capsule may retract and compromise the accuracy 
of staging on the basis of capsular invasion (i.e. dis- 
tinguishing stage I from stage I disease). 


Surgical outcome 


The surgical outcome following nephrectomy for 
Wilms’ tumor is very good. Despite the resection of 
large tumors approached primarily without preopera- 
tive reductive chemotherapy, the complication rate is 


9.8%. Intestinal obstruction is the most common com- 
plication and occurs more commonly in patients under- 
going preoperative chemotherapy. Not surprisingly, 
surgeons accustomed to regularly performing nephrec- 
tomies generate the lowest complication rates.?? 


Renal cell carcinoma 


Wilms’ tumor typically presents between 1 and 5 
years of age, with 90% of tumors being diagnosed 
before age 7. Adolescent and adult Wilms’ tumor 
does occur but is uncommon. Renal cell carcinoma 
(RCC) occurs infrequently in children and presents at 
a mean age of 9-10 years.?! Notably, in children 
between the ages of 10 and 20, the incidence of RCC 
has been shown to be similar to the incidence of 
Wilms’ tumor.?? 

No consensus has been reached as to the definitive 
form of therapy for RCC, but radical nephrectomy 
has been the main surgical approach. Primary treat- 
ment with partial nephrectomy has been reported in 
one pediatric case.?3 The adult form is aggressive and 
responds poorly to chemotherapy. Some authors have 
suggested a less aggressive course for the pediatric 
form of the disease, even when associated with posi- 
tive lymph nodes. Like the adult form, however, dis- 
seminated disease predicts a poor outcome.?!,24 


Nephrectomy 


When an RCC is suspected, a subcostal transperi- 
toneal or extraperitoneal flank incision may be con- 
sidered and does not appear to influence survival 
rates.2° Should a Wilms’ tumor be encountered, ade- 
quate staging including lymph node sampling and 
perhaps inspection of the contralateral kidney is nec- 
essary. A subcostal incision can be easily extended in 
this case. Certain anatomic variables, such as a narrow 
subcostal angle, may make a midline transperitoneal 
approach more appropriate. Certainly, any case 
potentially requiring vascular access to the superior 
vena cava or right atrium should be approached via a 
midline approach, since the incision can be extended 
as a median sternotomy. A transverse transperitoneal 
or chevron incision gives good exposure to the lateral 
and superior aspects of the kidney in addition to the 
great vessels. 

Radical nephrectomy for RCC is performed fol- 
lowing the same principles as described for Wilms’ 
tumor. This also applies to the surgical approaches for 
tumors with vascular invasion. An important differ- 
ence in the tumor biology of these two lesions has 
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important implications on the surgical approach to 
RCC, however. RCC responds poorly to both 
chemotherapy and external beam radiation. As a con- 
sequence, complete surgical resection is mandatory in 
order to optimize chances for a long-term cure.7° 
Quek et al?” reviewed their experience with 99 adult 
patients having intravascular tumor extension. The 
tumor extended to the renal vein in 31 patients, infra- 
hepatic vena cava in 22 patients, intrahepatic vena 
cava in 34 patients, and right atrium in 12 patients. 
Overall 2- and 5-year survival rates following exten- 
sive resection were 54% and 33%, respectively. They 
advocated an aggressive surgical approach for those 
patients with clinically confined tumors with isolated 
venous tumor thrombus extension.2” There are no 
similar studies in pediatric patients. 


Partial nephrectomy 


The main difference in the initial surgical approach to 
RCC in comparison to Wilms’ tumor lies in the appli- 
cation of partial nephrectomy: partial nephrectomy 
for Wilms’ tumor is deferred until completion of an 
initial course of chemotherapy, whereas partial 
nephrectomy for RCC can be used as the primary sur- 
gical approach in appropriately selected cases. An ade- 
quate resection should leave 1 cm margins of normal 
parenchyma surrounding the tumor. It is important 
to remember that data on the success of partial 
nephrectomy for RCC have been collected from series 
in adults. Nevertheless the 90-100% cancer-specific 
survival obtained in adults with lesions of <4 cm is 
encouraging. 10 

Most cases of partial nephrectomy necessitate tran- 
sient ischemia to the kidney. Certain points are 
important to understand before proceeding with the 
surgery. Renal tolerance to warm ischemia is approx- 
imately 30 minutes, as derived from canine studies.? 
Cold ischemia is tolerated for up to 3 hours.?® Prior 
to partial nephrectomy, the core temperature of the 
kidney should therefore be lowered by placing it on 
ice for 10-15 minutes after clamping the artery.* 
Immediately after renal artery occlusion, there is an 
accumulation of monophosphate nucleotides pro- 
duced by ATP degradation within the kidney. Pro- 
gressive loss of ATP depletes cellular energy reserves, 
causing dysfunction of the cellular membrane, influx 
of water and salt, cellular edema, and ultimately cellu- 
lar death. Proximal tubular cells are the most predis- 
posed to injury during ischemia, whereas glomeruli 
and blood vessels are more resistant.2? When the renal 
artery and vein are occluded simultaneously, renal 


damage is more pronounced.*° Solitary kidneys and 
kidneys with extensive collateral circulation seem to 
better tolerate longer periods of renal ischemia.31-32 
Experimental studies indicate that manual renal com- 
pression to control intraoperative hemorrhage seems 
to cause more renal injury than simple arterial occlu- 
sion." Protective factors that can be used to reduce 
ischemic damage include adequate hydration, avoid- 
ing hypotension, minimizing arterial manipulation, 
and the administration of mannitol 5-15 minutes 
prior to arterial occlusion.® 

Advances in renal imaging can allow for detailed 
reconstruction of renal anatomy when preparing for 
partial nephrectomy. Specific indications for partial 
nephrectomy for RCC include solitary kidney, com- 
promised renal function, the presence of a benign dis- 
ease that could compromise future renal function, or 
bilateral tumors.3% Further studies clarified success of 
partial nephrectomy in patients with localized disease 
<4 cm and a normal contralateral kidney.435 The 
major disadvantage of partial nephrectomy for RCC 
is the risk of missing multifocal disease predisposing 
to local tumor recurrence. This can occur in 4-6% of 
patients.?#,36.37 The technical success rate is excellent, 
and operative morbidity and mortality is low. Long- 
term cancer-free survival for low-stage disease is com- 
parable to radical nephrectomy. The overall incidence 
of local recurrence is low, at 0-10%. For tumors 
<4 cm, local recurrence rates are even less, at 0-3%. 
The risk of local recurrence depends primarily on the 
initial local pathologic tumor stage. The reported 
incidence of multifocal renal cell carcinoma is approx- 
imately 15%, but it also depends on tumor size, his- 
tology, and stage. The pathologic risk of multifocal 
disease is <5% when the maximal diameter of the pri- 
mary tumor is <4 cm.10 

An extraperitoneal flank incision is preferred for 
partial nephrectomy. Optimal exposure is accom- 
plished without the need to remove a rib in most 
children. The kidney is mobilized, leaving Gerota’s 
fascia intact. Arterial control is not necessary for 
small peripheral lesions. Temporary arterial occlusion 
is recommended for larger lesions. Occlusion of both 
the renal vein and artery can further minimize bleed- 
ing for large lesions or for those that are centrally 
located. After occluding the renal vessels, the kidney 
should be surface-cooled in ice slush for 10-15 min- 
utes. It is not advisable to perfuse the renal artery 
with cold solutions, because of the risk of tumor dis- 
semination.2 Depending on the characteristics of the 
lesion, partial nephrectomy can be performed using 
simple enucleation, polar segmental nephrectomy, 
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wedge resection, transverse resection, or extracorpo- 
real partial nephrectomy. In every case, regardless of 
the technique used, it is essential to remove the 
tumor completely, leaving a small surrounding 
margin of grossly normal renal parenchyma. Intraop- 
erative ultrasonography can be helpful in delineating 
tumor margins and enabling a complete safe resec- 
tion. This is especially helpful in central or poorly 
defined lesions. As the resection is carried through 
the renal parenchyma, arterial and venous branches 
are identified and suture ligated to minimize exces- 
sive bleeding following vascular unclamping. The 
collecting system should be repaired with absorbable 
sutures if entered. Frozen section biopsies of the 
tumor bed should be obtained following resection. 
Further resection is required if tumor is identified in 
the biopsy specimens. 


Segmental polar nephrectomy 


Segmental polar nephrectomy is performed in 
patients with a tumor mass confined to the upper or 
lower pole of the kidney. The arterial and venous 
branches supplying the corresponding pole are first 
ligated and divided. An ischemic line of demarcation 
generally appears, outlining the limits of the segment 
to be excised. For obvious reasons it is not possible to 
spare the renal capsule, as it overlies the tumor area. 
Simple, interrupted 2-0 or 3-0 chromic sutures are 
placed in the renal edges and perirenal fat or Oxycel 
secured within the defect. 


Wedge resection 


Wedge resections are necessary for non-polar, periph- 
eral lesions. As significant bleeding can occur during 


Figure 33.1 (a) Renal cell carcinoma in a 12-year-old child with tuberous sclerosis. The renal artery has been tem- 
porarily occluded and the kidney cooled with ice slush. Note that perinephric fat is left attached to the tumor. (b) A 
wedge partial nephrectomy performed in the midpole of the kidney. The arterial and venous branches suture ligated 
during the excision of the tumor. (c) The tumor is removed with a margin of normal parenchyma around the periph- 
ery of the lesion. (d) The renal artery has been unclamped and the kidney revascularized. Oxycel has been placed 
in the renal defect. 
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this procedure, it is advisable to control the renal 
artery with the application of surface hypothermia. 
The procedure is then carried out in a fashion similar 
to that described above for segmental nephrectomy 
(Figure 33.1). 


Transverse resection 


Transverse resection is used for large tumors involv- 
ing the upper or lower renal pole. It is important to 
identify the major arterial and venous branches close 
to the hilum in this situation. Following ligation and 
division of the vessels, the ischemic portion of the 
kidney along with the tumor and a margin of normal 
tissue are removed. 


Central tumors 


Central tumors present a technically more challenging 
problem. Preoperative imaging with three-dimen- 
sional CT reconstruction is mandatory to outline the 
vascular anatomy. The dissection is carried out close 
to the central renal vessels and, consequently, signifi- 
cant arterial and venous bleeding may occur. Both the 
renal artery and vein need to be transiently occluded.? 
Only the smaller arterial branches providing blood 
supply to the tumor area should be clamped and 
divided. Arteries supplying the normal parenchyma 
should be carefully spared, since they are end arteries 
and their division will permanently devascularize the 
corresponding normal renal segment. Intraoperative 
ultrasonography can be a valuable tool in identifying 
central tumors, which are not easily palpable and con- 
sequently difficult to localize. 


Simple enucleation 


Simple enucleation is sometimes indicated in patients 
having received preoperative chemotherapy for bilat- 
eral Wilms’ patients with von 


Hippel—Lindau disease and multiple low-stage encap- 
38-40 


tumor or 
sulated tumors. 


Extracorporeal partial nephrectomy 


Extracorporeal partial nephrectomy and renal auto- 
transplantation is a good option for tumors involving 
the renal hilum. Although this procedure has the 
advantage of providing a bloodless surgical field and 
allowing for a precise dissection, the surgical time is 
increased since a vascular anastomosis is required. It is 
preferable to leave the ureter attached during surgery 
if possible, but if necessary it can be divided. Care 
must be taken to avoid injury to the vascular supply 


of the ureter and pelvis during removal of tumors 
close to the hilum or those involving the lower pole. 


Complications of partial nephrectomy 


Complications of partial nephrectomy include hemor- 
rhage, urinary fistula formation, ureteral obstruction, 
renal insufficiency, and infection. 


Congenital mesoblastic nephroma 


Nephrectomy for infants with congenital mesoblastic 
nephroma (CMN) should be performed with great 
care to avoid leaving behind residual tumor. This is 
particularly important for cellular variants of CMN 
and infants older than 3 months of age. Special atten- 
tion should be given to the dissection of the renal 
hilum, which is the most common location for inva- 


sion and local recurrence.*!+2 
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Douglas A Husmann 


Similarities and differences in 
evaluating pediatric versus adult 
traumatic injuries 


General comments 


Whether the incidence of renal injury following blunt 
abdominal trauma is increased in the pediatric com- 
pared with the adult patient population is controver- 
sial. Hypothetically, the pediatric kidney is believed 
to be more susceptible to trauma due to a decrease in 
the physical renal protective mechanisms found in 
childhood: i.e. a slightly lower renal position in the 
abdomen, an immature thoracic cage, and weaker 
abdominal musculature. Statistical evaluations to con- 
firm that children have an increased risk of renal 
injury have revealed mixed results and the question 
remains unresolved.!> What is known, however, is 
that pre-existing congenital renal abnormalities are 
found 3-5-fold more commonly in pediatric patients 
undergoing a screening computed tomography (CT) 
scan for trauma than the adult population.?~*° Classi- 
cally, patients with a pre-existing genitourinary (GU) 
abnormality present with a history of hematuria dis- 
proportionate to the severity of trauma. In the pedi- 
atric population the most common pre-existing GU 
anomalies found, listed in decreasing frequency, are: 
ureteropelvic junction (UPJ) obstruction, hydro- 
ureteronephrosis secondary to reflux, horseshoe 
kidney, non-obstructing, non-refluxing hydronephro- 
sis/hydroureteronephrosis, and primary obstructing 
megaureter.?~+ 


Traumatic induced hematuria 


In children, hematuria is unreliable for determining 
the extent of renal injury; indeed, some studies have 
failed to find any evidence of either gross or micro- 
scopic hematuria in up to 70% of children sustaining 
grade 2 or higher renal injuries (Table 34.1). In 
essence, post-traumatic hematuria cannot be used as 
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the sole determinant in deciding whether or not to 
screen the child for the presence of a GU injury.”® 


Indications for imaging the genitourinary 
tract following trauma 


In the adult, radiographic assessment of the GU tract 
is recommended following all penetrating trauma, as 
well as blunt trauma, victims that have one of four cri- 
teria: 


1 A significant deceleration (motor vehicle accident 
(MVA), fall from >15 feet) or high-velocity injury 
(strike to the back or flank with a high-velocity for- 
eign object, i.e. football helmet, baseball bat, etc.). 

2 Significant external trauma resulting in fractures of 
thoracic bony structures, spine, pelvis, and femur, 
bruising of the torso/perineum and/or signs of 
peritoneal irritation. 

3 Gross hematuria. 

4 Microscopic hematuria (>50 red blood cells per 
high-power field (RBCs/HPF)) associated with 
shock (systolic blood pressure <90 mmHg).+?-!2 


Clinicians debate about whether the adult screening 
criteria outlined above apply to children.7:!9.!3-!7 This 
controversy is based on three separate concerns. First, 
hypotension in children is not a reliable indicator of 
the severity of the injury. Children often have normal 
blood pressure in spite of significant blood loss. In 
children, a fall in serial hemoglobin or hematocrit 
value is a better determinant of blood loss than 
hypotension.'* Secondly, there is not a consensus 
opinion in the literature regarding the definition of an 
associated injury in the child. For example, does an 
isolated closed head injury indicate the need for a 
screening abdominal CT?” Finally, there is no stan- 
dard definition of a deceleration or high-velocity 
injury with some authors neglecting to include the 
latter criteria in their list of indications for abdominal 
three-dimensional imaging. 

To help end this controversy, in 2004 Santucci and 
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associates reviewed all of the previous data regarding 
traumatic renal injuries in children.!° In this excellent 
review article, they found that use of adult screening 
criteria is highly accurate and applicable in children. 
We currently recommend the same radiographic 
screening criteria noted in the first paragraph of this 
section be used in both children and adults. 


Radiographic and endoscopic 
assessment and treatment of 
genitourinary injuries 


Abdominal and pelvic computed 
tomography and single-shot intravenous 


pyelography 


The patient’s hemodynamic stability determines 
whether, when, and occasionally what type of imag- 
ing studies should be done. In the clinically stable 
patient, a triphasic abdominal and pelvic CT scan 
(precontrast study, followed by a study immediately 
after injection of contrast, and then a 15-20 minute 
delayed study) is the most sensitive method for diag- 
nosis and classification of GU trauma (see Table 34.1 
for classification of renal trauma*78:10,11,15,16) 

In the clinically unstable patient, a single-phase CT 
scan is frequently obtained, with the images taken 
immediately following injection of contrast. In our 
experience, this test is beneficial in determining renal 
perfusion and the presence of major renal fractures, 
but will be unable to accurately determine the pres- 
ence of urinary extravasation and will miss the major- 
ity of the isolated ureteral injuries.™!81° In the 
unstable patient requiring emergent laparotomy, with 
no preoperative imaging studies obtained, once the 
patient is stabilized in the operating room, a single- 
shot intravenous pyelogram (IVP) (2 ml/kg intra- 
venous bolus of contrast), with the X-ray taken 10-15 
minutes following injection of contrast, may be of 
benefit. In our experience, this study frequently 
results in a poor imaging of the urinary tract. These 
unstable patients usually have a history of profound 
hypotension, associated with poor renal perfusion 
and subsequently poor excretion and visualization of 
contrast. The main benefit of a single-shot IVP may 
be to detect a normally functioning contralateral 
kidney if unilateral nephrectomy is a consideration. 
As an alternative to the single-shot IVP, the patient 
can be resuscitated and a delayed CT evaluation is 
obtained. If necessary, a definitive surgical repair of 


Table 34.1 Grading of renal injuries 


any GU injury is subsequently deferred for 12-24 
hours.420 


Indications and use of arteriography 


Up to 25% of grade 3-4 renal trauma managed by 
non-operative protocols will require angiography and 
selective angioinfarction of bleeding vessels for persis- 
tent or delayed renal hemorrhage.*!?? Clinical signs 
of persistent bleeding are hematuria associated with 
blood clots in the voided or catheterized bladder and 
a falling serial hemoglobin. Orthostatic blood pres- 
sure alterations are a late finding in the pediatric 
patient population.#?!,23-25 Delayed hemorrhage clas- 
sically develops 10-14 days post injury, but may 
occur up to 1 month following the traumatic insult. 
Delayed hemorrhage usually arises from the develop- 
ment of arteriovenous (AV) or pseudoaneurysm mal- 
formations.*?#-75 Unlike AV malformations arising 
from a renal biopsy, AV malformations following 
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renal fractures rarely, if ever, resolve spontaneously: 
nearly all require active intervention.*+?%-75 

Superselective angiographic embolization of iso- 
lated renal artery branches for persistent or delayed 
hemorrhage has a success rate approaching 80%. This 
is the preferred treatment method for persistent or 
delayed bleeding. Surgical exploration is reserved for 
angiographic embolization failure.+?*?5 Occasion- 
ally, angiographic embolization is used to treat persis- 
tent urinary fistulas. In this clinical scenario, a 
functionally transected renal fragment following a 
grade 3, 4, or 5 renal injury is completely separated 
from the renal collecting system, and a persistent uri- 
nary fistula develops despite management by a 
double-J stent and/or a percutaneous nephrostomy 
tube. In these unusual patients, selective angiographic 
embolization can be performed to resolve the urinary 
fistula by necrosing the isolated functional renal frag- 
ment.*26 

Postembolization syndrome (fever, flank pain, and 
an adynamic ileus) is a well-recognized and self-limit- 
ing condition that occurs after angiographic 
embolization. Symptoms usually resolve by the 5th 
postembolization day 27-30 Bacterial seeding of 
either the necrotic renal tissue or the hematoma from 
the angiographic intervention must be ruled out in 
patients with postembolization fever. It is therefore 
mandatory to obtain blood and urine cultures if a 
febrile response develops postembolization. If the 
fever persists for 25 days following angiographic 
infarction or if a patient becomes clinically labile, the 
clinician should consider a repeat CT scan with possi- 
ble aspiration and culture of the hematoma/uri- 


noma. 430 


Indications and use of retrograde 
pyelography and percutaneous drainage 


In patients with a history of trauma, two indications 
exist for performing retrograde pyelography. First, to 
rule out the presence of a partial/total ureteral disrup- 
tion and secondly to aid in placement of a double-J 
ureteral stent for the management of a symptomatic 
urinoma.?6-1831 Most post-traumatic urinomas are 
asymptomatic. Approximately 75% of the urinomas 
spontaneously resolve.431-34 Occasionally, the urine 
collection is associated with persistent flank pain, ady- 
namic ileus, and/or low-grade temperature. In these 
cases we manage these patients with endoscopic inter- 
vention with cystoscopy, retrograde pyelography, and 
placement of a ureteral stent.3! Although percuta- 
neous drainage and internal stenting are both effica- 


cious, the major advantages to internal drainage 
include improvements in quality of life during conva- 
lescence, specifically avoidance of external catheter 
care, and the reduced risk of inadvertent tube dis- 
lodgment.*31,32,35 Ą disadvantage 
drainage is that stent placement and removal requires 
general anesthesia in the child. In addition, smaller 
ureteral stents (4-5 Fr) placed in young children 
occasionally become blocked with debris and blood 
clot from the dissolving hematoma. We recommend 
placement of percutanous nephrostomy tubes to 
manage urinomas in one of three situations: 


of internal 


1 Patients who have failed attempts at endoscopic 
management. 

2 Patients who are unstable and therefore not candi- 
dates for general anesthesia. 

3 Patients with persistent gross hematuria in whom 
we are afraid that the small-caliber ureteral stent 
will become occluded.31-32 


Indications and use of DMSA and follow- 
up radiographic imaging following renal 
trauma 


We do not recommend follow-up renal imaging for 
grade l-2 renal injuries. In patients with grade 3, 4, 
and 5 renal injuries, a repeat CT scan with delayed 
images should be obtained 2-3 days after the trau- 
matic insult. This study assesses the extent of the 
hematoma/urinoma and functions as a baseline evalu- 
ation in case delayed hemorrhage occurs.+° Addi- 
tional repeat CT scans are considered if fever, flank 
pain, and hematuria persist or increase.© A 3-month 
follow-up CT scan is ordered in all grade 3, 4, and 5 
renal injuries. This latter study is used to verify reso- 
lution of a perinephric hematoma/urinoma and to 
define the anatomic configuration of the residual 
functioning renal parenchyma. 

Nuclear renal scanning using technetium 99m 
dimercaptosuccinic acid (®Tc DMSA) allows the 
physician to determine renal cortical function and dif- 
ferential renal function. Serial DMSA scans obtained 
post trauma have revealed that little if any renal 
parenchyma recovers function 7 days following 
injury; therefore, a DMSA scan obtained more than 1 
week after the injury provides a valid estimate of sub- 
sequent renal function.*°37 We suggest that all 
patients with grade 3 injuries with devitalized frag- 
ments, all grade 4 and 5 renal injuries, and all patients 
with persistent post-traumatic hypertension should be 
evaluated with a quantitative radionuclide scintigra- 


phy, preferably DMSA. The study should be per- 
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formed at least 1 week after the traumatic insult.*+° 


Provided the serum creatinine is normal, a differential 
renal function exceeding 30% suggests satisfactory 
function that would prevent renal failure in the event 
that the uninjured kidney is lost.434+37 


Effect of etiology on the management 
of traumatic genitourinary injuries 


Blunt versus penetrating genitourinary 
trauma 


The etiology of the traumatic injury plays an impor- 
tant role in determining the management of the 
patient. In North America, blunt trauma, usually 
high-velocity, or sudden deceleration injury causes 
approximately 90% of renal injuries in children. 
Fewer than 2% of the children with blunt renal 
trauma will require radiographic or surgical interven- 
tion, 46833 

Approximately 10% of traumatic pediatric renal 
injuries result from penetrating trauma. In the presence 
of penetrating trauma, the physician should immedi- 
ately triage the patient into one of two groups, depend- 
ing on the source of the penetrating trauma: either a 
stab/low-velocity penetrating-wound group or a high- 
velocity penetrating-wound group.*°*® Although pen- 
etrating trauma results in the risk of wound 
contamination by outside material, several studies have 
shown that a selective non-operative approach to the 
management of patients with stab wounds and, in very 
select cases, low-velocity gunshot wounds, can be safely 
implemented.*7*.38 In hemodynamically stable patients 
with a penetrating wound posterior to the anterior axil- 
lary line, intravenous antibiotics are initiated and a 
screening triphasic abdominal and pelvic CT is 
obtained. In these patients surgical exploration/ 
laparoscopy is indicated for persistent blood loss, the 
presence of air in the peritoneum, signs of developing 
peritonitis, or radiographic findings consistent with a 
ureteral injury.+233841 

Gunshot wounds to the trunk are associated with a 
GU injury approximately 15% of the time.” In 
patients with GU trauma secondary to a gunshot 
wound, the kidney is the site of injury in approxi- 
mately 60% of the patients, the bladder in 20%, the 
urethra in 5%, the ureter in 2%, and 13% will have 
two or more GU injuries.3®42 If a GU structure is 
traumatically damaged as a result of a gunshot 
wound, the likelihood of associated organ injury is 
approximately 90%,71,9942 Although the majority of 


blunt renal trauma and the majority of penetrating 
renal trauma from stab wounds are amenable to com- 
plete radiographic staging and non-operative manage- 
ment, rarely are gunshot wounds to the kidney 
amenable to non-operative management. In most 
cases, gunshot wounds to the abdomen result in a 
hemodynamically unstable patient with multiple asso- 
ciated organ injuries that require urgent laparotomy. 
The need for emergent surgery excludes the ability to 
adequately stage the renal injury.?!.27-° If the patients 
with a gunshot wound can undergo adequate radi- 
ographic staging, isolated grade 1 or 2 renal injuries 
can be managed successfully with a non-operative 
approach, with minimal complications?! (Table 
34.2). 

Gunshot wounds caused by high-velocity missiles 
(>350 m/s) deserve special consideration. The kinetic 
energy of a high-velocity bullet creates a surrounding 
energy wave 30-40 times the missile diameter. In 
addition, the missile will frequently yaw or tumble 
during penetration; the combination of blast injury 
and missile tumbling results in extensive damage to 
the surrounding tissues at a large distance from its 
path. With high-velocity gunshot wounds to the 
torso, radiographic and/or surgical evaluation at the 
time of the assault may not reveal the presence of a 
GU injury. In some patients with a high-velocity 
injury, the renal pelvis and/or ureter will appear intact 
or perhaps only slightly contused at the time of the 
radiographic examination and/or surgical exploration. 
As the high-velocity blast injury matures, necrosis of 
the ureter or portions of the renal pelvis may develop, 
the extent of the GU injury finally coming to atten- 
tion as urinary extravasation develops as a result of 
delayed necrosis. Blast injuries to the urinary drainage 
system may only be apparent 3-5 days after the 
injury, when an increase in urine output from surgi- 
cally placed drains is recorded.443:44 


Management of renal trauma 


Multiple studies have found that the nephrectomy 
rate in patients with traumatic renal injuries was 
higher with surgical exploration than with non-oper- 
ative management.*+38,4547 These reports hypothe- 
size that hemorrhage from the severely injured kidney 
is tamponaded (controlled) by an intact Gerota’s 
fascia. Surgical exploration would disrupt the fascia, 
resulting in uncontrollable renal bleeding thereby 
increasing the need for emergency nephrectomy. This 
hypothesis is controversial. Current studies using the 
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Table 34.2 Consensus recommendations for management of renal trauma 


Clinical findings and/or grade of renal injury 
Grade 1 or 2 renal injury, irrespective of traumatic etiology 
Isolated grade 3, 4, and hemodynamically stable grade 5 renal injuries 


Uncontrollable renal hemorrhage/vascular instability (usually grade 4 
vascular or the vast majority of grade 5 injuries) 


Persistent or delayed hemorrhage not responding to angiographic 
embolization 


Expanding pulsatile retroperitoneal mass found on surgical exploration for 
coexisting intra-abdominal injuries 


Penetrating trauma; inadequate preoperative radiographic staging resulting 
from vascular instability of patient; retroperitoneal hemorrhage found on 
exploration 


Blunt trauma; inadequate preoperative radiographic staging resulting from 
vascular instability of patient; coexisting intra-abdominal injuries, especially 
stomach, duodenum, pancreas and colon; retroperitoneal hemorrhage 
found on exploration 


Blunt trauma; radiographic screening studies reveal grade 3, grade 4, or 
5 renal injury; coexisting intra-abdominal injuries, especially stomach, 
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Recommended treatment 
Non-operative 
Non-operative 


Absolute requirement for 
surgical intervention 


Absolute requirement for 
surgical intervention 


Absolute requirement for 
surgical intervention (verify 
contralateral renal function prior 
to exploration) 


Retroperitoneal (renal) 
exploration strongly 
recommended (verify 
contralateral renal function) 


Retroperitoneal (renal) 
exploration recommended 
(verify contralateral renal 
function) 


Retroperitoneal (renal) 
exploration recommended 


duodenum, pancreas, and colon 


combination of CT staging of renal injuries combined 
with the application of trauma-related severity scores, 
have revealed that emergency nephrectomy during 
renal exploration for trauma is directly related to the 
severity of the initial renal injury, and the presence of 
multiple coexisting injuries, not due to the disruption 
of Gerota’s fascia and the release of a confined tam- 
ponade,+3248-51 

Based on the hypothesis that Gerota’s fascia would 
contain renal hemorrhage, three different concepts 
regarding the management of renal injuries exist: 


1 Observation of all grades of renal injury, unless 
there is an absolute indication for renal explo- 
ration.3438,52 

2 Ifa laparotomy is to be performed for a coexisting 
intra-abdominal injury (especially stomach, duode- 
nal, pancreatic and colonic injuries), renal explo- 
ration and renorrhapy of all renal injuries > grade 
3 should be simultaneously performed: grades 1 
and 2 can be observed. At the time of surgery con- 
trol of the renal vessels medial to Gerota’s fascia 
should be obtained prior to renal exploration. The 


surgeon should repair the GU injury and provide 


drainage of the GU injury separate from the site of 
the coexisting injuries.463253 In this setting, con- 
trol of the renal vessels prior to opening Gerota’s 
fascia may prevent life-threatening hemorrhage. It 
should be noted that with the passage of time, even 
the need for vascular control before renal explo- 
ration has become controversial, with some studies 
revealing the incidence of nephrectomy being 
equivalent whether or not prior vascular control is 
used 4:549.53 

In patients with concurrent intra-abdominal 
injuries, the trauma surgeon should separate the 
enteric injury from the urinary tract injury with 
omentum or other alternative tissue and places 
perioperative drains. All stages of renal injury can 
be observed if this situation it is hypothesized that 
the separation of the enteric or pancreatic injury 
from the GU injury by the omentum, along with 
the placement of perioperative drains, will prevent 
breakdown of enteric repairs by leaking urine 
and/or help prevent the development of urinary 
tract complications by removal of excess contami- 
nating bacteria or pancreatic enzymes from the site 
of GU injury.63248.5455 
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Current recommendations for operative interven- 
tion on renal injuries are based on three findings: the 
hemodynamic stability of the patient, an accurate 
radiographic staging of the renal trauma, and the 
presence organ = injury.*621,31,32 
Absolute indications for renal exploration include life- 
threatening hemorrhage from a renal source (usually 
grade 4 vascular and the vast majority of grade 5 renal 
injuries), a pulsatile expanding retroperitoneal 
hematoma found at emergency laparotomy, and per- 
sistent or delayed renal bleeding not responding to 
angioinfarction.*° It is also strongly recommended 
that patients with penetrating trauma found to have a 
retroperitoneal hematoma in the absence of adequate 
preoperative imaging should be explored once con- 
tralateral renal function is verified by an intraoperative 
single-shot IVP.*+° 

The ideal candidate for non-operative management 
is the hemodynamically stable patient sustaining 
either blunt or penetrating trauma, with or without 
associated intra-abdominal injuries, that has a grade 
1-2 renal injury. GU complications in this subset of 
patients are minimal.+°7! Patients with isolated grade 
3, 4 and hemodynamically stable grade 5 renal 
injuries are also candidates for non-operative treat- 
ment. Even identification of a large perinephric 
hematoma or urinoma is not an absolute indication 


of associated 


for operative management, provided the distal ureter 
is documented to be intact. Angiographic, endo- 
scopic, Or percutaneous intervention will eventually 
be required in up to 55% of the patients. Intervention 
is necessary for delayed bleeding in approximately 
25%, and for symptomatic urinomas in approxi- 
mately 25%. Surgical exploration to control compli- 
cations not amenable to non-operative techniques will 
develop in approximately 5%. In essence, conserva- 
tive management of isolated grade 3, 4 and hemody- 
namically stable grade 5 renal injuries will avoid the 
need for open surgical intervention in approximately 
95% of renal injuries.4%8.21,31,32,54,56 

Controversy regarding the management of blunt 
renal trauma currently involves two different patient 
populations: 


1 Patients with inadequate radiographic staging 
found to have a non-expanding and non-pulsatile 
retroperitoneal hematoma found on surgical explo- 
ration. 

2 Patients with a = grade 3 renal injury undergoing 
laparotomy for associated intra-abdominal trauma 
especially if injuries to the stomach and colon are 
noted. In these situations the urologist should be 


aware of the relationship between GU morbidity, 
associated organ injury, and the grade of the renal 
injury. For example, if a colonic injury and a 
retroperitoneal hematoma are simultaneously pre- 
sent, approximately 10% of patients will be found 
to have a grade 1-2 renal injury, and 90% will have 
a grade 3 or higher renal injury.+%7! In addition, if 
a colonic or pancreatic injury is concurrently pre- 
sent with devitalized renal tissue, non-operative 
management of the renal injury is associated with a 
3-4-fold higher incidence of complications com- 
pared with renal exploration and renorrhaphy. In 
addition, renal exploration in this latter group of 
patients does not appear to result in increased risk 
of nephrectomy.*32,4851 Knowledge of these facts 
has resulted in the consensus that patients with a 
known grade 3 or higher renal injury undergoing 
exploratory laparotomy for multiorgan injury 
should simultaneously undergo renal exploration 
with renorrhaphy and the placement of retroperi- 
toneal drains. It is also accepted that patients 
undergoing emergent laparatomy without ade- 
quate preoperative radiographic studies who are 
found to have stomach, duodenal, colonic or pan- 
creatic injuries and a coexisting retroperitoneal 
hematoma, should have a single-shot IVP 
obtained, to verify contralateral renal function, and 
proceed with renal exploration+®® (see Table 


34.2). 


Non-operative therapy for renal trauma 


Non-operative therapy consists of bedrest, close mon- 
itoring of the vital signs and urine output, serial 
abdominal examinations, serial hemoglobin/hemat- 
ocrit determinations, and transfusion as indicated for 
decreasing hematocrit or hypotension. In the patient 
with a2 grade 3 renal injury, massive blood loss and 
vascular instability may rapidly appear. The patient 
managed in this fashion should have blood immedi- 
ately available.+° Repeat CT imaging of the kidney 
2-3 days following trauma is recommended in 
patients with grade 3, 4, and 5 renal injuries. CT 
imaging should be pursued earlier if prompted by 
clinical indications (see earlier section on DMSA and 
follow-up radiographic imaging following renal 
trauma). If the child remains hemodynamically stable 
with or without transfusions, and CT verifies a stable 
or resolving urinoma and/or hematoma, observation 
can continue. If the child becomes hemodynamically 
unstable or continues to have a falling hemoglobin/ 
hematocrit despite transfusions, renal angiography 
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with selective angioinfarction of the bleeding site 
should be performed. Children with a urinoma who 
complain of chronic or increasing flank pain, or have 
a persistent low-grade fever and/or a persistent ileus, 
should be considered for endoscopic or percutaneous 
management of the urinoma. They should be allowed 
to walk as soon as gross hematuria has resolved. 
Resumption of strenuous physical activity is prohib- 
ited for 6 weeks.*%8,21,22 

We recommend broad-spectrum 
antibiotics in patients with a renal injury secondary to 
penetrating trauma on a non-operative protocol, due 
to the high risk of wound contamination from outside 
material. In renal injuries following blunt trauma, 
antibiotics may be considered if a large retroperi- 
toneal hematoma or urinary extravasation exist. In 
this latter situation, the presence of an indwelling ure- 
thral catheter and/or multiple intravascular catheters 
may cause bacteremic colonization of the hematoma 
or urinoma.*68.21,22 


intravenous 


Operative intervention for renal trauma 


Renal salvage by renorrhaphy or partial nephrectomy 
requires complete exposure of the injured kidney, 
debridement of non-viable tissue, suture ligation of 
bleeding arterial vessels, and repair of the collecting 
system injury. Defects in the renal parenchyma may 
be closed primarily with renal capsule. For larger 
defects, we prefer the placement of gel foam and Sur- 
gicel pack (small pieces of gel foam wrapped in Sur- 
gicel) into the parenchymal defect and closure of the 
renal capsule defect with woven polyglycolic acid 
mesh. Alternatively, perinephric fat, omentum, or 
thrombin-soaked gel foam may be used to pack the 
parenchymal defect. Watertight closure of the collect- 
ing system is not always possible, and may be inad- 
visable. If the renal pelvis or ureter is closed with 
tension, tissue ischemia and delayed resolution of uri- 
nary leakage may occur. If a major violation of the 
urinary drainage system is present, placement of intra- 
operative ureteral stents and/or a nephrostomy tube 
should be considered. Adequate drainage of the per- 
inephric area following repair is vital. In the presence 
of concurrent stomach, duodenal, pancreatic, and 
colonic injuries, interposition of omentum or peri- 
toneum between the site of the major renal injury and 
the site of the coexisting intra-abdominal injury is 
usually necessary. Nephrectomy should be considered 
in irreparable grade 4-5 renal injuries and in the 
hemodynamically unstable patient with multiorgan 


tr auma.*° 


Renal vascular injuries 


In terms of arterial renal blood flow the kidney is an 
end organ, and only rarely is collateral blood flow suf- 
ficient to maintain renal function if a segmental or 
main renal artery is damaged. In a patient sustaining 
renal arterial trauma, the clinical triad of decreased/ 
absent renal arterial blood flow, inadequate collateral 
blood flow, and warm ischemic time almost invari- 
ably results in the loss of renal function.*+° Therefore, 
no attempt to repair injuries to segmental renal vessels 
should be considered, and repair of the traumatically 
injured main renal artery is rarely indicated. In 
essence, reconstruction of the main renal artery fol- 
lowing trauma should only be considered in patients 
that are hemodynamically stable with an injury to a 
solitary kidney or in patients with bilateral renal 
injuries; otherwise, nephrectomy is the most expedi- 
tious and least-moribund treatment.*° The infrequent 
exception to this rule is the presence of an incomplete 
renal arterial injury where perfusion to the kidney has 
been maintained by flow of blood through either the 
partially occluded main renal artery or via collateral 
vessels.*° 


Traumatic induced renal vascular 
hypertension 


The most common causes of post-traumatic renal 
hypertension are 


E renal ischemia from segmental arterial occlusion 

E main renal artery occlusion with intact peripheral 
blood flow to the kidney 

E a traumatically induced AV malformation or 

Moon rare occasion, compression of the renal 
parenchyma by hematoma/fibrosis (the Page 
kidney model). 


The presence of hypertension immediately following 
the traumatic insult may be secondary to pain; how- 
ever, persistent hypertension 30 days post injury 
could result from a renal source and the diagnosis of 
traumatically induced renal vascular hypertension 
should be considered. The incidence of traumatically 
induced hypertension is almost nonexistent after 
grade 1 and 2 renal injuries and will be found in 
approximately 5% of patients with > grade 3 renal 
injuries.*° 

Hypertension from renovascular trauma will usu- 
ally develop within 36 months following the injury.*° 
If sustained hypertension develops, an evaluation 
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with a DMSA scan to determine differential renal 
function and radiographic studies — magnetic reso- 
nance imaging (MRI) or CT angiography — to rule 
out development of an AV fistula as the source of the 
hypertension should be performed. Hypertension 
related to an AV malformation should initially be 
treated with angiographic embolization. If considera- 
tion for surgical intervention is entertained, renal vein 
renin sampling for split renin ratios should be consid- 
ered. This ratio is especially helpful in the presence of 
segmental renal scarring where partial nephrectomy is 
a consideration for surgical management. In this situ- 
ation, hypertension related to segmental renal 
ischemia is treated with a partial nephrectomy. The 
most common clinical finding in post-traumatic- 
induced hypertension, however, is a small poorly 
functioning kidney (<30% differential renal func- 
tion), associated with scarring. Most authorities 
believe that a differential renal function of <30% 
would not prevent the onset of renal failure in the 
event that the uninjured kidney is lost.4°#437 
Nephrectomy or partial nephrectomy is therefore the 
treatment of choice for post-traumatic hypertension. 
Rarely is renal revascularization of any benefit, since 
hypertension is almost invariably the result of 
increased renin production from intrarenal or sub- 
capsular fibrosis.4° Surgical treatment of hyperten- 
sion by decortication of subcapsular fibrosis in 
patients with a Page kidney-induced hypertension has 
been published; however, the long-term results of this 
surgical treatment modality are extremely con- 
troversial.*° 


Ureteropelvic junction disruption 


If the screening CT evaluation reveals the presence of 
medial and perirenal contrast extravasation with no 
visualization of the ipsilateral distal ureter on delayed 
images, the diagnosis of either a large laceration of the 
renal pelvis or avulsion of the UPJ is entertained and 
further investigation mandated with either a retro- 
grade pyelogram or surgical exploration.*°!8 Disrup- 
tion of the UPJ is most commonly caused by 
acceleration—deceleration injuries (fall from >15 feet) 
or by a sudden extreme hyperextension of the trunk 
(pedestrian MVA, patient thrown from the vehicle 
during an MVA). The mechanism of injury results 
from a sudden displacement of the more mobile 
kidney associated with a relatively fixed ureter, with 
force vectors from the traumatic impact interacting at 
the UPJ.?3-18 


Although some reports suggest that a large 
extrarenal pelvis or a congenital UPJ obstruction ren- 
ders the patient more susceptible to disruptions of the 
UPJ, this is controversial. The vast majority of 
patients with a congenital UPJ or congenital 
hydronephrosis with a traumatic injury will be found 
to have a rupture of the renal pelvis or a major lacer- 
ation through a thinned renal cortex, not a UPJ dis- 
ruption.?-*5-!8 Generally, a laceration of an enlarged 
renal pelvis will appear as an isolated renal injury, 
whereas a UPJ disruption tends to occur in associa- 
tion with life-threatening injuries. The majority of 
patients sustaining a UPJ disruption will present with 
vascular instability, requiring emergency laparatomy, 
with the patient unable to undergo preoperative 
imaging. Urinalysis on presentation will have some 
degree of hematuria present in 70% of patients; how- 
ever, 30% of patients with a UPJ disruption will have 
a completely normal urinalysis. In patients undergo- 
ing exploratory laparatomy for a coexisting intra- 
abdominal injury, a retroperitoneal hematoma is 
rarely revealed.?-*:!8:19 Because of the frequent associ- 
ation of this injury with life-threatening trauma, inad- 
equate preoperative radiographic staging studies, and 
the absence of a retroperitoneal hematoma, the diag- 
nosis of a UPJ disruption is delayed for >36 hours in 
more than 50% of patients.!*!° Patients will eventu- 
ally come to attention, as a result of persistent post- 
operative fever flank pain, continued ileus, or 
sepsis. 2318-19 

Three classic findings on a triphasic CT scan are 
associated with UPJ disruption: 


E good renal contrast excretion, with extravasation 
around the upper ureter into the medial perirenal 
space 

E absence of parenchymal lacerations and intact renal 
calices 

E non-visualization of the ipsilateral ureter. 


When a diagnosis of a possible disruption of the UPJ 
is entertained, careful evaluation of the delayed CT 
images is necessary. This diagnosis may be difficult, 
even if suspected. Specifically, the severely injured 
patient usually has a history of volume depletion; con- 
trast excretion resulting from the coexistence of hypo- 
volemia, acute tubular necrosis, or renal contusion 
may be minimal. To definitively rule out the presence 
of a UPJ disruption, it is necessary to confirm the 
presence of contrast material in both distal ureters. 
This can be especially difficult in patients where this 
injury may be associated with a type 3 renal injury 
where contrast material may be preferentially accu- 
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mulating in the retroperitoneum. If the results of the 
CT scan remain inconclusive, a retrograde pyelogram 
should be performed.?+18:19 

Children with pre-existing hydronephosis from a 
UPJ obstruction frequently have, at the site of injury, 
a major laceration through the thinned renal cortex 
(grade 3 renal injury) or laceration of the renal pelvis 
and not disruption of the UPJ. These patients should 
have a retrograde pyelogram to confirm continuity of 
the UPJ and, if not suspicious for disruption, they can 
be safely managed with either a percutaneous 
nephrostomy or a double-J stent placement with 
delayed pyeloplasty performed after stabilization of 
the patient, #54155 

In patients with a disruption of the UPJ, a delay in 
diagnosis may significantly increase the risk of 
nephrectomy.*!8!9 In the clinically stable patient 
where the diagnosis is made within 5 days after the 
traumatic insult, we prefer to proceed to surgical 
repair, with debridement of any devitilized ureteral 
tissure, spatulation, and reanastomosis of the ureter 
over a stent, with concurrent placement of an intra- 
operative nephrostomy tube and retroperitoneal 
drain. Since the area of ureteral necrosis may extend 
for 2-3 cm, mobilization and downward displace- 
ment of the kidney may be necessary to obtain a ten- 
sion-free ureteral anastomosis.!®!9 In patients with a 
delayed diagnosis of a UPJ disruption = 6 days post- 
traumatic insult, we prefer to place a nephrostomy 
tube and allow the injury to stabilize for 6-8 weeks. 
Differential renal function is then obtained via a 
DMSA renal scan, and the length of the ureteral 
injury ascertained by a combined antegrade and ret- 
rograde pyelogram. The combination of known per- 
cent renal function and length of the ureteral defect 
will allow the surgeon to make the proper surgical 
planning. Surgical alternatives in this situation 
include primary ureteroureterostomy, ileal ureter, 
autotransplantation, and nephrectomy (renal function 
<30% in the presence of a normal serum creatinine 
and renal clearance).*+61819 
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SECTION IV 
The Ureter 


The ureter 


Cem Akbal and Martin Kaefer 


General 


The goal of this chapter is to provide an overview of the 
embryology, general physiology, and molecular mecha- 
nisms responsible for normal ureteral development and 
function. The pathophysiology of the most common 
pathologic abnormalities to afflict the ureter is described 
subsequently. Processes that affect the ureter are ulti- 
mately important because of their impact on kidney 
physiology. The reader is directed to chapters that specif- 
ically focus on alterations in renal function secondary to 
infection, ureteral obstruction, and vesicoureteral reflux 
(VUR) for more details on this subject. 


Embryology and anatomy 


During the 4th week of gestation, the development of 
the ureter begins as an outpouching of the 
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mesonephric duct, termed the ureteric bud (Figure 
35.1). The development of this structure is heavily 
influenced by molecular factors released from the 
mesodermal tissue mass, which is destined to become 
the renal parenchyma (i.e. the metanephric blastema). 
At 28 days, the ureter consists of an epithelial tube 
surrounded by loose mesenchymal cells. Transient 
luminal obstruction ensues, with subsequent recanal- 
ization during the 7th week of gestation.!? It appears 
that this recanalization process begins in the 
midureter and extends in a bidirectional manner both 
cranially and caudally. It has been suggested that 
angiotensin exerts its affect through the angiotensin 2 
receptor (AT2) and may play a role in this recanaliza- 
tion process.* Chwalle’s membrane, a two-layered cell 
structure, transiently divides the early ureteric bud 
from the urogenital sinus.+ Subsequent dissolution of 
this membrane results in unimpeded flow of urine 


from the kidney into the bladder. 


(a) 4 weeks (b) 6 weeks 


12 weeks* 


(c) 8 weeks (a) 


Figure 35.1 Embryology of ureter and 
trigone. The ureteral bud develops into the 
ureter and induces the metanephric blastema 
to differentiate and become the kidney. The 
common excretory duct (segment of 
mesonephric duct caudal to the ureteric bud) 
is absorbed into the bladder and becomes the 
deep trigone. 
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The first signs of ureteral muscularization are seen 
at 12 weeks of gestation. Smooth muscle differentia- 
tion is first noted at the ureterovesical junction (UVJ) 
and then ascends cranially toward the upper collecting 
system. With time, these fibers, which are initially 
randomly arranged in the wall of the ureter, become 
more numerous and assume a more specific orienta- 
tion.° The epithelium attains a transitional configura- 
tion by 14 weeks. Once fully developed, the muscular 
wall of the ureter is characterized as having an inner 
longitudinal, middle circular, and outer longitudinal 
layer. As the ureter penetrates the bladder, its muscu- 
lar layers disperse. The outer layer melds into the 
detrusor in the upper part of the hiatus to form 
Waldeyer’s sheath, which attaches the ureter to the 
bladder and is in continuity with the deep trigone.” 
As the ureter makes its transition to an intramural 
location, the muscle fibers take on a primarily longi- 
tudinal orientation.’ The longitudinal muscle fibers 
spread out to form the borders of the superficial 
trigone. 

Proper development and spatial orientation of the 
ureter as it combines with the bladder are dependent 
on a number of molecular factors. The renin- 
angiotensin system appears to play a major role in 
ureteral development. AT2 is expressed in high con- 
centration by the mesenchymal cells that are posi- 
tioned adjacent to the ureteric bud at early 
developmental stages. The fact that expression of this 
receptor markedly decreases after birth supports the 
contention that AT2 might play an important role in 
ureteral development.’ Mice in whom the AT2 gene 
has been knocked-out demonstrate a high incidence 
of congenital anomalies of the urinary tract, including 
VUR, UVJ obstruction, and megaureter.!° These 
structural anomalies may result from delayed apopto- 
sis of the mesenchymal cells surrounding the ureteric 
bud. The clinical relevance of these experimental find- 
ings has been underscored by the identification of a 
select group of patients with mutations at this locus 
who possess a syndrome that includes uteropelvic 
junction (UPJ) obstruction and megaureter.!! Proper 
spatial orientation of the ureter is probably dependent 
on genes responsible for cell specification and body 
segmentation. The PAX family of genes has been 
extensively studied in this regard, These genes 
appear to play a role in the interplay between the 
ureter and the developing kidney. !8 PAX mutations 
have been implicated in syndromes with VUR and 
renal anomalies, and are inherited in an autosomal 
dominant manner.!* However, to date, neither muta- 
tions in the PAX genes nor in other genes involving 


body segmentation have been demonstrated to any 
significant degree in patients with familial VUR.}5 


Ureteral physiology 


Function of the ureter 


The function of the ureter is to effectively transport 
urine from the renal pelvis to the bladder in a unidi- 
rectional fashion. Coordinated antegrade movement 
of urine is initiated by pacemaker sites located in the 
renal pelvis and proximal ureter.!6!8 This electrical 
stimulus propagates caudally and, in so doing, gives 
rise to peristaltic activity of the ureteral musculature. 
Under normal conditions peristaltic contractions 
occur between 2 and 6 times per minute and advance 
down the ureters at a rate of between 2 and 
6 ml/s.!?° The following section will describe how 
events at the cellular level are translated into achieving 


this goal. 


Electrical excitation — muscular contraction 


Unlike their skeletal muscle counterparts that receive 
a discrete stimulus from a motor endplate, smooth 
muscles cells of the ureter lack discrete neuromuscular 
junctions and depend on initiation of an action poten- 
tial from pacemaker cells located in the renal pelvis 
and upper ureter. The ureter also receives neurologic 
input from numerous sources. Spontaneous electrical 
activity initiated by the pacemaker is in itself adequate 
to propagate electrical activity and induce coordinated 
peristaltic muscular activity. Evidence to support this 
contention includes the persistence of peristalsis after 
renal transplantation or denervation.?!,22. Individual 
muscle cells allow propagation of electrical activity 
through tight areas of cell-to-cell contact, termed 
intermediate junctions.?3-*5 

The parasympathetic and sympathetic nervous sys- 
tems as well as peptidergic substances (e.g. 
tachykinins, substance P, neurokinin A) and nitric 
oxide appear to have as their primary role the ability 
to modify ureteral contraction that has been initiated 
by the pacemaker unit.?®?8 Neuropeptides influence 
muscle activity via second messengers, including 
cAMP, cGMP, Ca?*, inositol 1,4,5-triphosphate 
(IP,), and diacylglycerol (DG). Upon binding of the 
specific effector molecule to the cell receptor, the gen- 
eration of these second messengers mediates the func- 
tional response through a process that frequently 
involves a cascade of protein phosphorylation. 
Release of these neurotransmitters is unlikely to exert 
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the dominant force responsible for peristalsis. Physio- 
logic support for this contention comes from the fact 
that treatment with specific neuropeptide antagonists 
(e.g. atropine in the case of the parasympathetic ner- 
vous system) often has little or no clinically significant 
effect on ureteral function.2® 

The smooth muscle cell is the structural element 
responsible for effective mechanical transport of urine 
through the ureter. As in skeletal muscle, actin and 
myosin act as the two primary structural proteins that 
serve to provide active deformation of the cell during 
contraction and relaxation. Actin is bound to attach- 
ment plaques on the cell surface which serve as an 
anchor point against which it can exert force on the 
cell membrane. Any process that results in a signifi- 
cant increase in Ca?* in the region of the contractile 
proteins favors the development of a contraction. The 
phosphorylation of myosin is a key step in the con- 
tractile process. Phosphorylation of the myosin light 
chain allows actin to activate myosin Mg*t+-ATPase 
activity, leading to hydrolysis of ATP and the devel- 


opment of smooth muscle tension or shortening. 


Function of the ureterovesical junction 


The function of the UVJ is to facilitate the unidirec- 
tional, antegrade flow of urine from the ureter into 
the bladder. A number of passive and active factors 
play a role in maintaining this mechanism. 


Facilitation of antegrade flow 


After the urine bolus has progressed to the level of the 
UV], it is propelled into the bladder across the intra- 
mural ureteral segment. This process is facilitated by 
retraction of the ureter in a superolateral direction, in 
keeping with its primarily longitudinally oriented 
muscle. As a result the resistance at the UVJ is low- 
ered, facilitating antegrade fluid transport.?? 


Prevention of retrograde flow 


Sampson was the first to propose a passive valvular 
mechanism created by the obliquity of the ureter as it 
courses through the bladder wall, a mechanism which 
he named ‘ureteral lock’.3! Paquin demonstrated that 
in normal subjects (i.e. children without VUR), a 5:1 
ratio of tunnel length to ureteral diameter existed.*? 
In creating reflux by resecting the roof of the submu- 
cosal ureter in a pig model, Ransley and Risdon gave 
further support to the concept that ureteral tunnel 
length is of importance in maintaining a competent 
UVJ.*? In order for this passive mechanism to work 


successfully, the ureter must have an adequate muscle 
backing against which it can be compressed during 
bladder filling. In addition, the distal end of the ureter 
must be adequately anchored to the base of the blad- 
der, so that with filling it does not migrate laterally 
and experience a shortening of tunnel length. The 
importance of adequate muscle backing is supported 
by the increased incidence of VUR in patients with 
periureteral diverticul. The passive mechanism for 
maintaining unidirectional urine flow across the UVJ 
is depicted in Figure 35.2. 

The traditional concept of the ureterovesical antire- 
flux mechanism was that it consisted solely of this pas- 
sive flap-valve mechanism. However, a number of 
investigators have noted sufficient anatomic and phys- 
iologic evidence to point to an active sphincteric 
mechanism.** The active valve function of the human 
ureter is thought to consist of a ‘vesicoureteral sphinc- 
ter, which contracts in response to bladder contrac- 
tion and relaxes after contraction of the external 
urethral sphincter.*5 Although an anatomically 
defined circumferential sphincter has not been identi- 
fied, it has been postulated that a ‘physiologic sphinc- 
ter exists.°°37 During micturition, the longitudinal 
muscles of the UVJ are postulated to provide this 
‘active? component by closing the meatus. Alteration 


Bladder Urine  Ureter 


Figure 35.2 Flap-valve mechanism. Urine compresses 
the ureter between the bladder mucosa and the blad- 
der wall muscle, thus creating a flap-valve mechanism 
that prevents reflux. 
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in ureteral jet pattern seen in patients with VUR has 
been cited by some investigators as evidence for this 
sphincteric mechanism.** Tanagho et al demonstrated 
that prolonged electrical stimulation or administra- 
tion of intravenous epinephrine can cause resistance 
to flow, as contraction of the longitudinal muscle 
(which makes up part of the trigone) draws the orifice 
inferomedially.* The importance of trigonal attach- 
ment in maintaining an active valvular mechanism 
may vary from species to species. Hannan and 
Stephens, in excising the muscular component of the 
canine trigone, failed to demonstrate a significant 
increase in VUR in their model and concluded that 
the trigone did not play a major role in the function 
of the UVJ in this species.*? 


Synopsis of urine transport from renal 
pelvis to bladder 


A graphical representation of the process of urine 
transport from renal pelvis to bladder, as described by 
Griffiths and Notschaele, is shown in Figure 35.3.40 
The process begins when the production of urine 
results in a rise in the renal pelvic pressure. Urine is 
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Figure 35.3 Schematic representation of a single bolus 
of urine in the ureter moving away from the renal 
pelvis and toward the bladder. Arrow C indicates the 
direction of bolus transport. The corresponding distri- 
bution of pressure within the urinary tract is shown in 
the lower tracing. UVJ, ureterovesical junction. (Repro- 
duced from Griffiths and Notschaele% with permis- 
sion.) 


subsequently propelled into the upper ureter, which is 
initially in a collapsed state. A contraction wave orig- 
inates in the most proximal portion of the ureter and 
moves the bolus of urine in front of it in a caudad 
direction. For efficient urine transport, the ureteral 
wall must completely coapt during the propagation of 
a urine bolus down the ureter.*! The bolus that is 
pushed in front of the contraction wave lies almost 
entirely in a passive, non-contracting part of the 
ureter.4? The resting pressure within the ureter, 
0-5 cmH,0O, is similar to the intravesical pressure of 
the non-distended bladder. Peristaltic waves elevate 
this pressure to between 20 and 80 em HOA If the 
intraureteral pressure exceeds the intravesical pres- 
sure, urine will proceed into the bladder. 


Factors influencing ureteral function 


Many factors affect ureteral function. These factors 
are typically appreciated in the presence of either 
ureteral obstruction or VUR, both of which are 
described in the subsequent section. However, at 
times, these factors may occur in the absence of these 
two major maladies: e.g. ureteral dilatation may occur 
in the absence of obstruction or VUR may be found 
in patients with high urine output secondary to dia- 
betes insipidus. 


Ureteral dilatation 


Ureteral dilatation occurs either because of too much 
fluid entering and/or too little fluid exiting the ureter 
per unit time. Factors that influence egress of urine 
from the ureter range from infection to high intraves- 
ical pressure to anatomic obstruction of the ureter. An 
increase in ureteral dimensions adversely affects ante- 
grade urine flow. As described by Laplace’s equation, 
dilatation alters intraluminal pressure: 


tension x wall thickness 
radius 


pressure = 


By increasing the luminal size (i.e. radius), the intra- 
luminal pressure is diminished, decreasing the force 
propelling urine in a forward direction.*® 


Urine volume 


Hydration status and the ability of the kidney to con- 
centrate urine affect the volume of urine transported 
per unit time through the ureter. Urinary concentrat- 
ing ability is the first aspect of renal function to be 
affected in the presence of obstruction.*© Evidence 
also exists that concentrating ability is altered in the 
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presence of VUR.*” With increasing urine flow rates, 
the initial response of the ureter is to increase peri- 
staltic frequency. After the maximal frequency is 
achieved, further increases in urine transport occur by 
means of increases in bolus volume.**4? Eventually, 
the boluses coalesce and the ureter becomes filled 
with a continuous column of fluid. 


Infection 


Infection within the upper urinary tract may adversely 
affect urine transport. Experimentally induced 
pyelonephritis in a primate model has been associated 
with decreased peristaltic activity.°° In-vitro studies 
have shown that bacteria and Escherichia coli endo- 
toxin can inhibit ureteral peristaltic activity.>152 
Other investigators have not been able to suppress 
ureteral activity with endotoxin but have noted that 
growth media from E. coli, Pseudomonas aeruginosa, 
and Klebsiella pneumoniae does inhibit ureteral con- 
tractility. These investigators suggested that the inhi- 
bition of peristaltic activity is caused by an exotoxin.°? 
In humans, irregular peristaltic contractions and alter- 
ations in the ureteral jet have been recorded with 
infection.3°*3 Ureteral dilatation has also been 
reported to result from retroperitoneal inflammatory 
processes, which presumably exert their effect via the 
transudation of bacterial endotoxins or inflammatory 


mediators.>4 


Ureteral histology 


Alterations in ureteral histology are likely to have a 
significant impact on ureteral function. Lee and col- 
leagues evaluated the histology of obstructed and 
refluxing megaureters and identified marked differ- 
ences between the two groups. They found that 
refluxing megaureters had a twofold increase in the 
tissue matrix ratio of collagen to smooth muscle when 
compared with patients with primary obstructed 
megaureter and controls. This was not only due to an 
increase in collagen but was also a result of decreased 
amounts of smooth muscle in the refluxing ureters.>> 
The same group of investigators subsequently 
demonstrated that there was a greater contribution of 
type III collagen in the refluxing megaureter and felt 
that this may play a role in the pathophysiology of 
refluxing megaureters.°° Because type III collagen is a 
less distensible fiber, it may cause an intrinsically 
stiffer ureter and play a role in the lower surgical 
success in the reimplantation of refluxing mega- 


ureters.°758 The histology of the refluxing ureter asso- 
ciated with prune belly syndrome likewise exhibits 
significant histologic alteration. Ureters frequently are 
found to have a scarcity of muscle bundles among 


dense connective tissue.°? 


Pathologic processes affecting ureteral 
function 


The two primary pathophysiologic conditions that 
affect the pediatric ureter are obstruction and VUR. 
As mentioned previously, infection can itself alter 
ureteral function. Often two or three of these condi- 
tions may coexist in one patient, as for example in the 
child with posterior urethral valves who suffers from 
the common combination of bladder dysfunction, 
VUR, and urinary tract infection. 


Ureteral obstruction 


Well-known anatomic causes of ureteral obstruction 
that result in a compromise of the ureteral lumen 
include ureterocele, ureteral ectopia, and urinary lithi- 
asis. By contrast, the classic example of a functional 
obstruction is the primary obstructed megaureter in 
which there exists an adynamic segment of distal 
ureter with adequate ureteral diameter (Figure 
35.4).°! Apart from anatomic or functional obstruc- 
tion at the UV) itself, the relationship between 
ureteral intraluminal pressure and intravesical pres- 
sure is important in determining the efficacy of urine 
passage across the UVJ into the bladder. The ureter 
has been shown to decompensate when intravesical 
pressure approaches 40 cinH,O.% 

The effects of ureteral obstruction on renal function 
are numerous and complex. Molecular mediators, 
including eisocanoids, nitric oxide, endothelin, and 
the renin-angiotensin system, dramatically affect 
blood flow and subsequent urine output. After 
the onset of obstruction, a backup of urine occurs 
within the urinary collecting system, along with an 
associated increase in baseline ureteral pressure and an 
increase in ureteral length and width.6%68 A transient 
increase in the amplitude and frequency of the peri- 
staltic contraction waves accompanies these initial 
dimensional and pressure changes.°? With time, as the 
ureter fills with urine, the peristaltic contraction 
waves become smaller and are unable to coapt the 
ureteral wall. Urine transport then becomes depen- 
dent on hydrostatic forces generated by the kidney.°” 
Within a few hours after the onset of obstruction, the 


546 Clinical pediatric urology 


USUAL APPEARANCE 
AT UROGRAPHY 


(a) (b) 


d ss 4 
P 


JEA 


ANATOMIC 
PATHOPHYSIOLOGY 


Bladder wall 


Fusiform 
dilatation 


Orifice (peristaltic) 


“x Adynamic segment 


Intramural 
ureter 


Figure 35.4 (a) Graphic representation of a primary obstructed megaureter. Ureteral dilatation begins above the 
ureterovesical junction, usually a few millimeters or more above the bladder, just proximal to an adynamic distal 
segment of ureter. (b) Characteristic appearance of the distal portion of a primary obstructed megaureter. 


intraluminal baseline ureteral pressure increases sub- 
stantially. The ureter experiences muscular hypertro- 
phy and a greater ability to generate contractile 
forces.”°:7! Nevertheless, the simultaneous increase in 
ureteral diameter decreases the ability of the ureter to 
generate intraluminal pressure, as predicted by 
Laplace’s law. After ureteral dilatation has occurred, 
intraureteral pressure declines to a level only slightly 
higher than the normal baseline pressure. The 
decrease in ureteral pressure can also be attributed to 
changes in intrarenal hemodynamics, such as a reduc- 
tion in renal blood flow, with resultant decreases in 
the glomerular filtration rate and intratubular hydro- 
static pressure.’*7? Fluid reabsorption into the 
venous and lymphatic systems (pyelovenous and 
pyelolymphatic backflow) may also play a role in the 
reduction in baseline ureteral pressure.”4 Under con- 
ditions of obstruction, the hierarchical order of the 
ureteral pacemakers may also be altered.”>:”° When 
these alternate pacemakers fire, electrical activity and 
subsequent peristalsis can propagate both caudally 
and cranially from the site at which it is initiated. This 
lack of coordination affects the efficiency of urine 
transport and contributes to upper tract dilatation. 
From a therapeutic standpoint it is important to 
understand why a tapered megaureter repair may be 
beneficial once the obstructive element has been 
removed. The effect of ureteral diameter on the abil- 
ity to generate effective peristaltic contractions pro- 
vides the rationale for ureteral tapering in the patient 
with an increased ureteral size.” Relief of distal 
obstruction usually leads to decompression of the 
ureter, with spontaneous reduction in diameter and 


improved peristaltic activity. If the ureteral diameter 
remains significantly dilated after obstruction has 
been relieved, then it may be necessary to taper the 
ureter to achieve a 5:1 ratio of tunnel length to diam- 
eter. Although tapering does not alter muscle thick- 
ness and the ability of the ureteral fibers to contract, 
the decrease in radius, according to the Laplace rela- 
tion, would result in higher intraluminal pressures 
and a resultant improvement in urine transport. 


Vesicoureteral reflux 


Vesicoureteral reflux, the retrograde flow of urine 
across the UVJ, is the most common problem of the 
ureter treated by the pediatric urologist.” The high 
incidence of sibling VUR supports a genetic basis for 
this disorder. Factors that have been implicated in the 
development of VUR include: 


E anatomic and functional abnormalities of the UVJ 
E inordinately high intravesical pressures 
E impaired ureteral function. 


Genetics of reflux 


Very strong evidence exists to support a genetic com- 
ponent to VUR.7?:80 Although autosomal recessive, 
X-linked, and polygenic mode of transmission have 
been supported by various authors in the past, the 
majority of data suggest an autosomal dominant pat- 
tern of inheritance with variable penetrance.*! Sup- 
porting data include an approximate 50% incidence 
of sibling reflux in the first 2 years of life and the high 


incidence of parent-to-child transmission.®982 Per- 
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haps most suggestive of autosomal dominant trans- 
mission is the incidence of sibling reflux found in 
multiple-gestation births. Kaefer et al demonstrated 
reflux in 80% of identical twins and 35% of fraternal 
twins. The incidence for groups of twins <18 
months old was 100% for identical twins and 50% 
for fraternal twins. Despite such a strong genetic 
component, it still remains unclear as to which of the 
factors contributing to reflux is primarily affected (i.e. 
anatomic properties of UVJ, bladder properties, or 
impaired ureteral function). 


Anatomic abnormalities of the UVJ 


As outlined in the previous section on normal ureteral 
function, unidirectional flow of urine across the UVJ 
appears to depend on both passive and active compo- 
nents. In comparing the anatomy of children with and 
without VUR, Paquin demonstrated that there was a 
significant difference in the ratio of ureteral tunnel 
length to orifice diameter between the two groups. 
Whereas the patients with reflux had a ratio of 1.4:1, 


- Reflux 


=== No reflux 


= = = ~= Possible reflux 


children not exhibiting reflux had a significantly longer 
intravesical tunnel, with an average length to width 
ratio of 5:1.3? Hutch estimated the average intravesi- 
cal ureter length to be 0.5 cm in neonates and 1.3 cm 
in adults.8+ Although the 5:1 ratio sets the standard 
for reimplantation surgery, many pediatric urologists 
feel achieving such a long intravesical tunnel may not 
be absolutely necessary to obviate reflux. 

The lateral displacement of the ureteral orifice is a 
result of the ureteric bud originating on the 
mesonephric duct at a point more caudal than 
normal. As a result, the period during which the ori- 
fice undergoes migration is prolonged. As predicted 
by Stephens, the orifice will eventually assume a posi- 
tion on the trigone that is more lateral than usual. The 
ureter will have a submucosal course that is short and 
almost perpendicular to the bladder wall, thus failing 
to meet the anatomic requirements needed for proper 
functioning of the flap-valve mechanism.8586 The 
degree of reflux correlates with the degree of laterality 
and inversely with the length of the submucosal ureter 
(Figure 35.5). Spontaneous resolution of reflux in 


Figure 35.5 (a) The refluxing ureterovesical junction has an inadequate length of intravesical submucosal ureter. 
Some orifices with marginal submucosal tunnels may reflux intermittently. (Reproduced from Glen,®’ with permis- 
sion.) (b) Ureterovesical junction in longitudinal section: 1, photomicrograph; 2, diagrammatic representation. The 
ureteral muscularis (u) is surrounded by superficial (ss) and deep (ds) periureteral sheaths, which extend in the roof 
of the submucosal segment and continue beyond the orifice into the trigonal muscle (t). The relationship of super- 
ficial sheath to the vesical muscularis (v) is clearly seen. Transverse fascicles in the superior lip of the ureteral ori- 
fice belong to the superficial and deep sheaths. No true space separates ureter from bladder. (Reproduced from 


Elbadawi,®® with permission.) 
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children is explained by the growth of the bladder, 
during which the submucosal tunnel elongates.*> 
Proper formation of the trigone is also believed nec- 
essary to provide adequate muscular support of the 
ureters. A more caudal take-off of the ureteric bud 
from the mesonephric duct results in a shorter 
common excretory duct. Consequently, its contribu- 
tion to the development of the trigone is decreased, 
resulting in poor muscularization. The importance of 
adequate muscular backing is underscored by the rare 
female patient with bilateral single-system ectopic 
ureters. At the time of ureteral reimplantation, special 
attention must be taken to achieve very long tunnel 
length due to absent trigonal musculature and poor 
detrusor muscularization, both of which result in 
poor posterior support for the reimplanted ureter. If 
special care is not taken to achieve a greater than 
normal ureteral tunnel length, these patients are 
prone to postoperative reflux.8? A periureteral diver- 
ticulum can also contribute to VUR as a result of 
poor muscle backing and poor attachment of the 
ureters to the trigonal muscle complex.”° 

Alterations in the active valvular mechanism may 
also occur and result or contribute to the expression 
of the reflux phenotype. From an embryologic stand- 
point, a more caudal take-off of the ureteric bud from 
the mesonephric duct and the earlier absorption into 
the bladder would allow less time for the common 
mesenchyme to accumulate around the developing 
ureteric bud. One would therefore anticipate that the 
intramural ureter may be deficient in musculature. As 
a result, the orifice can be patulous or gaping. 

Recent histologic evaluation of the distal ureters in 
children with VUR has suggested that there may be 
dysplasia, atrophy, and architectural derangement of 
smooth muscle fibers.?! In addition, there appears to 
be altered extracellular matrix deposition and a 
decrease in intramural nerve supply.°? This combina- 
tion of factors, by affecting the muscle layer of the 
intramural ureters, may alter the active valvular mech- 
anism deemed by many to contribute to the function 
of the UVJ. The fact that many children outgrow 
their VUR suggests that even if histologic alterations 
of the intravesical ureters are contributing to the pres- 
ence of VUR, they play only a partial role in the reflux 


phenotype. 


Intravesical pressure 


As mentioned earlier in this chapter, intravesical pres- 
sure must be lower than the pressure generated by the 
ureter in order for there to be adequate transport of 


urine in an antegrade direction. In the presence of 
increased intravesical pressure, secondary reflux can 
occur.6? Failure to maintain a low intravesical pres- 
sure also results in an increase in the incidence of 
VUR, commonly referred to as secondary reflux. The 
most common anatomic cause of VUR is posterior 
urethral valves, in which approximately 50% of boys 
are affected.?394 However, functional causes of 
increased intravesical pressure, including detrusor- 
sphincter dyssynergia in patients with neuropathic 
bladder dysfunction secondary to myelomeningocele, 
are far more common.” Transient urodynamic 
abnormalities have also been identified in neurologi- 
cally normal children who present with urinary tract 
infections and reflux in the first year of life. One study 
identified abnormalities, including detrusor hyper- 
reflexia and elevated filling pressures, in 97% of boys 
and 77% of girls who presented in infancy with 
reflux.°°°7 Intravesical pressures in boys were found 
to be higher than in girls, a finding confirmed by 
other investigators.°®.? This finding may account for 
gender differences in degree of reflux. In older chil- 
dren, bladder dysfunction is apparently an acquired 
phenomenon, resulting from abnormal voiding pat- 
terns in neurologically normal children.!°°!0! The 
normal UV] is extremely resistant to reflux, even in 
the face of very high intravesical pressures that occur 
with normal voiding. However, if intravesical pres- 
sures remain chronically elevated, the antireflux mech- 
anism can be overcome. McGuire et al demonstrated 
that if intravesical pressures exceed 40 cmH_,,O, then 
the chance of reflux and renal injury increase.°? The 
development of reflux may further reduce the effi- 
ciency of the bladder to empty, and in the case of neu- 
ropathic bladder dysfunction may further increase 
intravesical pressure and further damage the upper 
urinary tract. 102 


Impaired ureteral function 
Although an abnormality of the UVJ is the primary 


etiologic factor in most cases of reflux, there is evi- 
dence that decreased ureteral peristalsis can be a con- 
tributory factor. This may explain why a normal ureter 
may not reflux even when reimplanted into a bladder 
without a submucosal tunnel or why a defunctional- 
ized refluxing ureter may cease to reflux when a prox- 
imal diversion is taken down.!9105 Tanagho’s 
observation that VUR may temporarily cease after 
ureteral electric stimulation further supports this pos- 
sibility.’ Even the mildest forms of VUR may be asso- 
ciated with a decreased frequency of ureteral 
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peristalsis.!°° Although this may offer further evidence 
that decreased peristaltic activity is a possible etiologic 
factor in the development of reflux, an alternative 
interpretation is that the decreased peristaltic activity 
reflects changes in ureteral or renal function resulting 
from the reflux. Finally, the success rate of antireflux 
procedures is lower with poorly functioning dilated 
ureters, and, although this may be related to technical 
factors, decreased peristaltic activity may be another 
reason for failure in many instances. Bladder infections 
and the accompanying inflammation may also con- 
tribute to reflux by decreasing compliance of both the 
bladder and intramural ureter, elevating intravesical 
pressures, and distorting and weakening the 
UVJ.!97-1 In some patients reflux appears to only 
occur during episodes of acute cystitis and resolves 
once the infection has been adequately treated and the 
inflammatory response has resolved. 10 
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Ureteral development from the ureteral bud is closely 
associated with the distal end of the mesonephric 
duct, also known as the wolffian duct. The distal end 
of the mesonephric duct inferior to the ureteral bud 
opening forms the common excretory duct. The 
trigone is formed by integrating the upper portions of 
the common excretory ducts and a small portion of 
the mesonephric ducts just superior to the ureteral 
bud into the bladder base (Figure 36.1). Ultimately, 
with expansion and absorption of the common excre- 
tory duct into the trigone, ureteral and wolffian duct 
orifices become separated from each other. 

The development of ureteral atresia is thought to 
result from relative or total ischemia that might occur 
with the migration of the developing kidney as it 
changes and re-establishes regional blood supply to 
the ureter. This theory is based on experimental stud- 
ies on intestinal atresia,” and may be extrapolated to 
explain ureteral stenosis and postnatal involution of 
multicystic dysplastic kidneys. 

Complete or partial ureteral duplication (or tripli- 
cation) can occur if multiple ureteral buds develop, or 


(a) (6) 


if the ureteral bud divides before meeting the 
metanephrogenic mass. In this instance, if one bud met 
the center of the metanephrogenic mass and the other 
a pole of degenerating metanephric tissue, the former 
would develop normally, whereas the latter might be 
dysplastic (Figure 36.2) This seems to explain the high 
association of dysplasia with ureteral ectopia,? 
although these ureters are often also obstructed. 

Ureteral ectopy occurs when the orifice is found in 
a location other than the normal orthotopic corner of 
the trigone. These orifices can be within the bladder, 
urethra, vas, or vagina. Ureteral ectopy is four times 
more common with duplicated systems than with 
single ureteral systems. 

Ureteral obstructions occur primarily at the 
ureteropelvic and ureterovesical junctions but can also 
occur in the pelvis where the ureter crosses over the 
iliac vessels. They are usually intrinsic in nature and 
the area in question is often of normal caliber but 
abnormally fibrous histologically, perhaps reflecting a 
localized vascular accident sometime during develop- 
ment (Figure 36.3). 


(a) 


Figure 36.1 Absorption of the terminal end of the wolffian duct. Diagram to demonstrate the absorption of the ter- 
minal end of the wolffian duct and the ureter into the urethra and bladder. (a and b) Relocation of orifice from orig- 
inal site adjacent to cloacal membrane to upper urethra. (b) Ureteric bud arises from the elbow bend of the wolffian 
duct and penetrates the contiguous renal blastema. (c) Trumpet expansion of duct up to and a little distance beyond 
the bud which rotates laterally to an anterior position on the duct. (d) Further expansion and separation of ureter 
from wolffian duct. (e) Orifices of ureter and wolffian duct (vas deferens) in corner of trigone and urethra, respec- 
tively. (Reproduced from Stephens,’ with permission; also with permission from Professor Stephens.) 
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Figure 36.2 Dysplastic cystic upper pole (white oval) 
with normal lower pole (black oval) on left kidney with 
ectopic obstructed upper pole ureter. 


Figure 36.3 (a and b) Bilateral hydronephrosis at 28 weeks’ gestation, suggesting possible obstruction at uretero- 
pelvic junction on (a) (ovals around kidneys). 


The imaging of reflux and ureteral 


disease 


Jeanne S Chow and David A Diamond 


Introduction 


This chapter discusses the techniques in evaluating 
reflux and ureteral diseases. Different imaging modal- 
ities are described, with specific clinical scenarios to 
highlight the uses of each modality. Practice patterns 
may vary from institution to institution. 


Imaging of reflux 


Voiding cystourethrography (VCUG), radionuclide 
cystography (RNC), and sonocystography demon- 
strate the presence or absence of vesicoureteral reflux 
(VUR). Whereas VCUG is a fluoroscopic examina- 
tion and RNC is a nuclear medicine study, they are 
performed similarly and expose the patient to ionizing 
radiation. Sonocystography is performed with ultra- 
sound and exposes the child to no ionizing radiation. 
Sonocystography is an uncommon examination in the 
United States and will be discussed last in this section. 

During a VCUG, dilute water-soluble contrast is 
instilled into the bladder through a sterile urethral 
catheter by gravity under fluoroscopic guidance. Spot 
images of the abdomen, early filling views of the blad- 
der, oblique images of the bladder to view the 
ureterovesical junctions (UVJs), oblique views of the 
urethra (especially important in boys), and postvoid 
images of the abdomen are standard (Figure 37.1). 
Additional views to show other abnormalities may be 
necessary. 

In infants, a cyclic study is performed, where the 
bladder is refilled with contrast after the infant voids 
around the catheter to increase the sensitivity of the 
study.! Otherwise, the bladder is filled to the pre- 
dicted capacity to maximize likelihood for finding 
reflux. Bladder capacity is calculated by two equa- 


tions:23 
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<1 year old: 

Bladder capacity (ml) = weight in kg x 7 

>l year old: 

Bladder capacity (ml) = (age in years + 2) x 30 


For RNC, the preparation and catheterization of the 
patient is identical to that for VCUG. A radiophar- 
maceutical, technetium 99m (??™Tc) pertechnetate, 
diluted with water, is instilled into the bladder. A 
gamma camera continuously records the radioactive 
emissions from the bladder, ureters, and kidneys for 
up to 20 minutes. 

Comparing VCUG and RNC, VCUG provides 
higher-resolution images at the expense of a higher 
dose of radiation to the patient. A VCUG clearly 
shows the bladder wall, the UVJ (in patients with 
reflux), the male urethra, intrarenal reflux, and subtle 
grade 1 reflux much more clearly than an RNC (Fig- 
ures 37.2 and 37.3). 

A traditional VCUG exposes the patient to 100 
times the radiation of an RNC. In the past 10 years, 
low-dose fluoroscopy techniques, including digital 
fluoroscopy and pulse fluoroscopy, have decreased 
radiation dose to the patient*® while providing diag- 
nostic quality images.?-!! Gonadal shielding and care- 
ful imaging coning also significantly decrease patient 
radiation exposure. In our department, modern low- 
dose fluoroscopic methods reduce the dose of a 
VCUG to approximately 10 times that of an RNC. 

The decision to perform an RNC or a VCUG on a 
patient suspected of having reflux is complex and 
depends on the patient and the referring physician. In 
our department, VCUGs are commonly performed in 
males and young children or infants with well-docu- 
mented pyelonephritis, patients with neurogenic 
bladder, patients with duplex kidneys and dilatation 
of the upper pole, lower pole (Figure 37.4), or both, 
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Figure 37.1 Standard images from a normal video cystourethrogram in a boy include: (a) a scout film of the 
abdomen and pelvis; (b) early filling view of the bladder; (c and d) bilateral oblique views to visualize the 
ureterovesical junctions; (e) oblique view of the male urethra; and (f) post-procedure image of the abdomen and 
pelvis. 
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Figure 37.2 (a) Multiple images from a radionuclide cystogram demonstrate bilateral grade 2 reflux. (b) A single 
image from a voiding cystourethrogram demonstrates bilateral grade 2-3 reflux. 


Imaging of reflux and ureteral disease 557 


Figure 37.3 A voiding cystourethrogram showing pos- 
terior urethral valves and dilatation of the posterior ure- 
thra. Reproduced from Imaging Children, Volume 1, 
Chow JS, Estroff JA. Embryology, antenatal imaging 
and post-natal evaluation, p 560, 2005, with permission 
from Elsevier. 


and patients suspected of having a ureterocele (Figure 
37.5). Patients being screened for familial reflux, 
prior reflux documented by VCUG, or surgically 
repaired reflux typically have RNCs. 

During sonocystography, the bladder is infused 
with an ultrasound contrast agent, and reflux is 
assessed by the sonographic appearance of contrast 


Figure 37.4 A voiding cystourethrogram showing 
grade 2-3 left lower pole reflux. The orientation of the 
calices is toward the ipsilateral shoulder. 


a 


within the kidneys and ureters. The grading system is 
similar to a VCUG.!? Sonocystography is sensitive! 
and accurate in detecting reflux!+"!¢ but does not pro- 
vide the anatomic detail of the bladder, ureters, and 
urethra of a VCUG. For this reason, it is indicated in 
the first-time evaluation of reflux in girls and follow- 
up reflux after VCUG in boys and girls.!” Transper- 
ineal ultrasound during voiding can detect posterior 
urethral valves,!* but is not widely accepted. 

These studies for assessing reflux are often stressful 
for the child and family and are ideally performed by 
a physician in an environment comfortable for the 
child, family, and physician. When parents and chil- 
dren are well informed and reassured, no sedation is 
necessary. Trained technologists and child-life special- 
ists are very helpful in preparing, educating, and 


Figure 37.5 Oblique voiding cytourethrograms showing a left ureterocele (a) which everts (b). 
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reassuring parents and patients. !? If sedation is 
required, midazolam can be used without negative 
outcome on the results of the examination.?° 

Patients with cardiac disease at risk for bacterial 
endocarditis need prophylactic antibiotics prior to the 
procedure. Patients who are suspected of having 
reflux because of a well-documented case of 
pyelonephritis, should be on prophylactic antibiotics 
until the examination, and continued if reflux is 
found.?! Use of prophylactic antibiotics for prenatal 
hydronephrosis or a family history of reflux is contro- 
versial. Patients with prior allergies to intravenous 
contrast do not have allergies to intravesical contrast; 
thus, no premedication is required. 


Imaging of ureteral diseases 


Ultrasound 
Introduction 


Ultrasound is typically the first study selected in eval- 
uating potential ureteral disease in children because it 
is non-invasive, rarely requires sedation, and emits no 
ionizing radiation. Whereas the normal-caliber ureter 
is not visualized on ultrasound, even a mildly dilated 
ureter is readily imaged with contemporary equip- 
ment. This makes ultrasound an ideal modality for 
following anatomic abnormalities or pathologic 
processes that result in hydronephrosis and 
hydroureter. Other than ideally having a bladder fully 
distended with urine to evaluate the bladder and distal 
ureters, no patient preparation is necessary. 

The diagnostic quality of the ultrasound depends on 
the ability of the sonographer and sonologist, machin- 
ery, and the use of new techniques and software. 
Imagers trained to work with children often employ 
special tricks when scanning children, such as prone 
imaging or scanning while the patient is being cradled 
by a caretaker, to obtain the best images. The newest 
ultrasound machines offer compound imaging, har- 
monic imaging, and three-dimensional and four-dimen- 
sional imaging to improve the quality of the images.” 

The kidneys and bladder are easily visualized by 
ultrasound. Viewing the kidneys in the supine and 
prone positions increases the likelihood of visualizing 
the entire kidney, which can be partially obscured by 
bowel gas. A normal ureter is usually collapsed, and 
therefore not typically visualized by ultrasound. A 
peristalsing ureter containing urine, measuring up to 
3.5 mm in diameter, is normal. Dilated ureters are 
easiest to visualize near the ureteropelvic junction 


(UPJ) and behind a full bladder near the UVJ. A non- 
obstructed collecting system may be dilated as a result 
of a full bladder and should be re-evaluated after the 
bladder is emptied. 

Hydroureter is typically implied by seeing proximal 
and distal ureteral dilatation. The mid ureter can be 
visualized, but is often obscured by bowel gas. 
Hydroureter may be caused by reflux, obstruction, or 
both. The degree of distal ureteral dilatation in patients 
with reflux predicts a high grade of reflux.2? Absence of 
a ureteral jet or asymmetry in jet frequency seen in the 
bladder in patients with acute obstruction correlates 


highly with high-grade ureteral obstruction.2* 


Prenatal hydronephrosis 


The finding of hydronephrosis is made on 1 in 200 
routine prenatal ultrasounds. Postnatally, ultrasound 
will confirm the majority of these cases to be mild, 
without hydroureter, allowing them to be followed 
sequentially with serial ultrasounds until resolution has 
been documented. If the postnatal ultrasound demon- 
strates moderate (characterized by caliceal dilatation) 
or severe hydronephrosis (characterized by parenchy- 
mal thinning), further diagnostic studies are indicated. 
These would include a VCUG to rule out reflux and an 
IVP (intravenous pyelogram) or MAG3 (mercap- 
toacetyltriglycine) renal scan to rule out a UPJ obstruc- 
tion. Hydroureter with any degree of hydronephrosis 
would mandate a VCUG (Figure 37.6). 


Duplex systems 


Duplex collecting systems may also present prenatally 
if there is associated hydronephrosis. Hydrouretero- 
nephrosis of the upper pole moiety and ureter is typi- 
cally associated with distal ureteral obstruction caused 
by an ectopic ureter or ectopic ureterocele. Ultrasound 
views of the bladder enable one to make this distinc- 
tion, as the ureterocele is visualized as a cystic structure 
with a fine septum within the bladder (Figure 37.7), 
or as an ectopic ureter that courses beneath the full 
thickness of the bladder wall in transverse view. Lower 
pole hydronephrosis typically results from reflux or 
UPJ obstruction of the lower pole moiety. Therefore, 
a VCUG and IVP or MAG3 renal scan would be 
required for further evaluation of lower pole 
hydronephrosis. 


Postoperative assessment 


Whether one performs pyeloplasty for UPJ obstruc- 


tion or transurethral incision of an obstructing 
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Figure 37.6 (a) A prenatal ultrasound shows bilateral 
hydronephrotic kidneys in the coronal plane. (b) A 
voiding cystourethrogram demonstrates bilateral high- 
grade vesicoureteral reflux. 


ectopic ureterocele, ultrasound is an ideal modality 
for postoperative assessment of the relief of obstruc- 
tion. Ultrasound is a non-definitive study for ruling 
out reflux, as it is known to miss 75% of reflux. 


Renal calculi 


Ultrasound is an excellent initial study for the assess- 
ment of renal colic in the child, possibly secondary to 
stone disease. Initially, it is important to rule out a 
congenital obstructive lesion of the ureter either at the 
UPJ or UVJ. Next, one would attempt to image a 


Figure 37.7 Fetal ultrasound, showing sagittal (a) and 
axial (b) images of the left kidney, with upper and lower 
pole hydroureteronephrosis. (c) Transverse view of the 
fetal bladder, showing a ureterocele (arrow). After the 
patient was born, imaging studies showed a left duplex 
kidney with an upper pole obstructed ureter ending in 
a ureterocele and lower pole reflux (imaging studies 
not shown). 
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Figure 37.8 A distal ureteral stone. A sagittal ultra- 
sound of the bladder demonstrates a small distal 


ureteral calculus (arrow), with mild hydroureter and 
edema at the ureterovesical junction. 


stone within the ureter, typically producing distinct 
shadowing and hydroureteronephrosis proximally 
(Figure 37.8). Additional calculi may be imaged 
within the kidney. In some cases, a stone may coexist 
with a congenital obstructive lesion or alternatively 
mumic one, if lodged at the UPJ or UVJ. If one is not 
studying the patient with renal colic compulsively, a 
stone can be missed. Therefore, the entire course of 
the renal pelvis and ureter should be followed care- 
fully. 

Ultrasound is capable of not only imaging renal 
and ureteral calculi, but, in the form of extracorporeal 
shock wave lithotripsy (ESWL) with ultrasound guid- 
ance, it can also be used to fragment calculi, thereby 
allowing them to be cleared naturally by the urinary 
tract. Effectiveness of any surgical treatment for stone 
clearance may be accurately assessed by ultrasound. In 
addition, ultrasound may be used for long-term sur- 
veillance of stone formers. 


Intravenous pyelogram 
Introduction 


Historically, the IVP has been the classic imaging 
modality for the upper urinary tract. Although with 
advances in imaging technology the indications for 
IVP have diminished, for a number of clinical situa- 
tions it remains an extremely valuable study. 

The IVP examines the form and function of the 
kidneys, ureters, and bladder. After a scout film of the 
abdomen is performed, intravenous contrast is 
injected. Low-osmolar contrast material has fewer 
side effects than high-osmolar contrast material and is 


now used routinely. The IVP technique varies from 
institution to institution, depending on the clinical 
question and the risks of radiation dose to the patient 
balanced with the number of images needed to per- 
form a diagnostic study and personal style. A simple 
and effective protocol for imaging children is to take 
supine abdominal radiographs 3 and 15 minutes after 
contrast injection. At 3 minutes, the kidneys normally 
show symmetric concentration and excretion of con- 
trast and may show anatomic variants or abnormali- 
ties. Abdominal compression with bellows, prone 
images, fluoroscopy, and delayed images may 
improve visualization of the ureters. 

This study is most commonly used in our institu- 
tion to assess complex or atypical urinary tract 
anatomy and to evaluate patients after pyeloplasty and 
occasionally after other surgeries. [VPs are much less 
commonly used for the evaluation of nephrouretero- 
lithiasis, ureteral strictures, or ureteral masses. Com- 
puted tomography (CT), magnetic 
imaging (MRI), and nuclear medicine studies are 
slowly replacing IVP studies. Unlike CT and MRI, 
IVPs do not require sedation. Compared with CT, 
the average radiation dose of an IVP is lower. 


resonance 


Ectopic ureter 


For the female who is continually wet, a diagnosis of 
ectopic ureter must be entertained. The IVP remains 
an excellent modality for making this diagnosis based 
on indirect findings that point to a (sometimes subtle) 
poorly functioning upper pole moiety (Figure 37.9). 
Typically, the lower pole ureter will be laterally dis- 
placed from the vertebral column (relative to the 
normal contralateral ureter) and an upper pole calyx 
will appear to be missing. In cases where the upper 
pole moiety is more dilated, one may see tortuousity 
of the lower pole ureter and an orientation of the 
lower pole calices toward the ipsilateral (rather than 
contralateral) shoulder as it approximates a ‘drooping 
lily’ sign. In the event that there is function of the 
upper pole moiety, this may be visualized directly on 
an IVP. 


Primary megaureter versus ectopic ureter 


The IVP is no longer routinely performed in all cases 
of hydroureteronephrosis, as ultrasound and MAG3 
renal scan enable one to diagnose and characterize 
UVJ obstruction. However, IVP may be useful in dis- 
tinguishing a primary obstructive megaureter (Figure 
37.10) — which is usually treated observationally, ini- 
tially — from a single-system ectopic ureter, which 
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Figure 37.9 An intravenous pyelogram (IVP) showing a 
right duplex kidney and with an obstructed ectopic 
upper pole ureter. (a) An image from an IVP demon- 
strates right upper pole moderate, hydrouretero- 
nephrosis. The right lower pole and left kidney and 
collecting systems appear normal. (6) The right upper 
pole has a low ectopic ureteral insertion, below the 
bladder neck into the vagina. 


Figure 37.10 A bilateral primary megaureter. An intra- 
venous pyelogram at 2 hours demonstrates left greater 
than right moderate to severe hydroureteronephrosis. 
There is marked delayed excretion bilaterally, espe- 
cially on the left. The sites of ureteral insertion are 
normal. 


should be treated surgically without delay. The IVP 
with delayed images may allow one to visualize the 
distal ureter in order to make this important distinc- 
tion, whereas ultrasound cannot. 


Postoperative assessment 


For many patients who undergo repair of an UPJ or 
UVJ obstruction, the hydronephrosis or 
hydroureteronephrosis does not resolve dramatically 
on early (1-3 month) postoperative ultrasound imag- 
ing. In this setting, an IVP may be invaluable in 
demonstrating signs of improved excretion and 
drainage relative to preoperative studies that confirm 
that a good result is evolving. Alternatively, the IVP 
is an excellent study for demonstrating a technically 
poor surgical result, if one fails to see a dependent, 
funneled anastomosis. 
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Figure 37.11 An intravenous pyelogram of an 8-year- 
old boy demonstrating ureteropelvic junction obstruc- 
tion associated with a crossing lower pole vessel. Note 
the linear filling defect at the inferior aspect of the renal 
pelvis. 


A setting in which IVP is particularly valuable is in 
looking for an anterior crossing vessel that may pro- 
duce intermittent kinking at the UPJ and, as a result, 
intermittent renal colic. Such a vessel may present as 
a proximal ureteral filling defect that disappears after 
surgically transposing the pelvis and ureter anterior to 
the crossing lower pole artery (Figure 37.11). 


MAG3 renal scan 
Introduction 


During dynamic renal scintigraphy, the activity of 
intravenously injected ®°™Tc MAG is imaged and 
measured to assess the form and function of the 
kidney and ureters. °°™Tc DTPA (diethylenetriamine 
penta-acetic acid) is a less preferred agent. These 
agents show excellent images of the functioning renal 
cortex and the collecting system. The time-activity 
curve, or time for uptake and excretion of the radio- 
tracer, is measured and compared with normal values. 

Diuresis renography is performed to distinguish 
urinary obstruction from a dilated non-obstructed 


renal collecting system. After initial imaging during a 
dynamic renal scan, a diuretic, typically furosemide, is 
injected intravenously. The kidney’s ability to drain 
the radiopharmaceutical over time is measured. In 
significantly obstructed kidneys, radiotracer fails to be 
excreted normally. 

The Society for Fetal Urology and the Pediatric 
Nuclear Medicine Council developed the ‘well-tem- 
pered’ diuretic renogram to standardize the evalua- 
tion of asymptomatic neonates with hydronephrosis 
or hydroureteronephrosis.”° Patients need to be well 
hydrated prior to the examination. Guidelines are 
specified within the  ‘well-tempered’ 
renogram protocol. 

Several patient factors can confound the interpreta- 
tion of the diuretic renograms. The appearance of 
refluxed contrast in the collecting system may mimic 
normal function in a patient with impaired function. 
Thus, the bladder should be drained by catheter in 
children with reflux who cannot void spontaneously. 
Infants, especially those younger than 1 month of age, 
have functionally immature kidneys, and do not con- 
centrate the radiopharmaceutical into the urine 
well.?°7 Studies performed in the first month of life 
need to interpreted with this in mind. Similarly, kid- 
neys with impaired function may not respond to 
diuresis. As a result, intravenous urography, renal 
angiography, and other tests using contrast agents 
eliminated by the kidneys may have reduced renal 
uptake and prolong the time for examination. 


diuretic 


Hydronephrosis, hydroureteronephrosis, and 
obstruction 


For the assessment of a hydronephrotic kidney or 
hydroureteronephrotic collecting system the MAG3 
renal scan provides quantitative information regard- 
ing renal function and drainage of the dilated system. 
Based on the results of the MAG3 scan, one can deter- 
mine whether or not relative renal function appears to 
have been compromised and whether drainage is in 
the normal, intermediate or obstructive range: clear- 
ance time of half of tracer (T) <15 minutes is 
normal, 15-20 minutes intermediate, and >20 min- 
utes obstructive.?8 This information is particularly 
crucial for the postnatal assessment of prenatal 
hydronephrosis in healthy, asymptomatic babies. 
Typically, one waits until 1 month of age prior to per- 
forming the MAG3 scan in order to assure adequate 
renal maturity; then, the severity of an apparent UPJ 
or UVJ obstruction can be accurately assessed. These 
functional results, in conjunction with postnatal ultra- 
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Figure 37.12 A 2-month-old infant with prenatal 
hydronephrosis. (a) Postnatal ultrasound demonstrates 
unilateral moderate hydronephrosis. (b and c) Initial 
MAG3 study with lasix demonstrates delayed drainage 
of the left kidney as a result of a ureteropelvic junction 
obstruction. The time-activity curve demonstrates 
delayed excretion of contrast in the obstructive range. 
(d) Postoperative MAG3 examination demonstrates 
improvement. 
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sound findings (Figure 37.12), should enable one to 
develop a rational management plan — rarely for 
immediate surgery, and usually for follow-up imag- 
ing, entailing serial ultrasound or MAG3 studies, 
depending upon the initial findings. 


Computed tomography/computed axial 
tomography 


Introduction 


Computed tomography, also known as computerized 
axial tomography (CAT), is a widely used modality 
for pediatric ureteral imaging because of its applica- 
bility to stone disease, trauma, and the evaluation of 
renal masses. 

Early CT scans acquired one ‘slice’ or axial cross sec- 
tion of information at a time. With spiral or helical 
scanners, X-rays are emitted and detected as the patient 
moves continuously through the scanner, creating a 
volume of information. Multislice or multidetector CT 
(MDCT) scanners have multiple detectors rotating 
simultaneously around the patient with the effect of 
increasing spatial resolution and decreasing the time to 
perform a study over standard spiral scanners. 

With a volume of information created, images can 
be reconstructed in many planes and reformatted to 
enhance the conspicuity of ureters. The ease and 
speed of obtaining large quantities of information by 
CT scan needs to be weighed against the radiation 
risk and financial cost of the examination. The 
absorbed radiation dose of a single CT scan of the 
abdomen is eight times that of an abdominal radi- 
ograph. The rapidly growing tissues of children are 
very susceptible to the deleterious effects of radiation. 

Contrast- and non-contrast-enhanced CT scans are 
used in the evaluation of the ureter. Non-contrast- 
enhanced CT is used for the evaluation of 
nephroureterolithiasis and resulting obstruction. 
Contrast-enhanced CT, especially timed during the 
excretory phase, is useful for showing the opacified 
ureters. Multiphase CT scans evaluate the genitouri- 
nary system without contrast, then with contrast, 
timed to the cortical and excretory phases of contrast 
enhancement. Multiphase CT scans should be used 
sparingly in children because of their high radiation 
doses. 

Methods used to enhance ureteral opacification 
after contrast administration include abdominal com- 
pression with bellows,” intravenous (IV) hydration 
during the examination,*® prone and supine imag- 
ing,?! multiplanar reformatting, and virtual 
endoscopy. The angiographic phase of contrast 


enhancement is useful in clarifying vascular anatomy 
in the cases of trauma or UPJ obstruction.#2-34 


Nephroureterolithiasis 


The spiral CT scan, without contrast, can rapidly 
assess the upper tract for a calculus. On the basis of 
Hounsfield units (Hu), it has the advantage, relative 
to ultrasound, of distinguishing a stone from an air 
bubble or intraluminal polyp. Its disadvantage is the 
ionizing radiation entailed. For patients with VUR, 
air bubbles may be introduced at the time of a 
VCUG, producing an upper tract echogenic lesion 
and mimicking stone on renal ultrasound. Radiolu- 
cent filling defects on IVP, which may represent uric 
acid calculi, can be confirmed as such with CT scan. 
Two methods, non-contrast-enhanced CT scan and 
the combination of ultrasound and plain film, have 
largely replaced IVP for the initial evaluation of stone 
disease (Figure 37.13). Non-contrast CT and ultra- 
sound with plain films are more sensitive examina- 
tions than IVP,35-37 have no risk of contrast reaction, 
and often find alternative diagnoses. Low-dose CT 
methods for detecting urolithiasis confer approxi- 
mately double the radiation dose of an IVP.#8 
Although non-contrast CT has greater sensitivity, 
negative predictive value, and accuracy than the com- 
bination of ultrasound and plain films, both methods 
yield comparable results without causing significant 
differences in clinical management.*? Given the often 


Figure 37.13 Computed tomography with coronal 
reformatting showing a left ureterovesical junction cal- 
culus (arrow) in a patient with a primary megaureter. 
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lower test cost and absence of ionizing radiation, 
ultrasound is often the first modality of choice*? in 
children. 


Ureteral trauma 


In the assessment of urologic trauma, the CT scan 
with contrast is invaluable. Images performed during 
the excretory phase of contrast enhancement are the 
best for the evaluation of the ureter.4!+* Computed 
tomography is capable of demonstrating extravasa- 
tion as a result of pelviureteric disruption of the UPJ 
secondary to hyperextension injuries or ureteral dis- 
ruption (Figure 37.14) from penetrating trauma. It 
also affords one the capability of assessing injuries to 
associated organs such as the spleen or liver. 


Other ureteral anomalies 


Computed tomography has a wide range of uses, 
including the assessment of an abnormal course of the 
ureter such as a retrocaval ureter, ectopic ureteral 
insertion, or ureteral obstruction. The CT scan with 
contrast is also valuable in assessing the solid 
retroperitoneal mass, such as Wilms’ tumor or neu- 
roblastoma, and its effect on ureteral anatomy. 


Specialized opacification techniques 
Introduction 


The specialized opacification techniques enable one to 
visualize the ureter precisely in complex anatomic or 
operative clinical settings. 


Figure 37.14 Axial computed tomography image per- 
formed during the excretory phase of contrast 
enhancement demonstrates right perinephric contrast 
extravasation resulting from a ureteral tear at the 
ureteropelvic junction. 


Retrograde ureterography and pyelography 


Retrograde ureterography and pyelography is per- 
formed cystoscopically in the anesthetized child 
through a ureteral catheter using one-half strength 
Cystograffin. It is used to opacify the distal ureter 
prior to pyeloplasty, to ensure normal distal ureteral 
anatomy, and to confirm the level of ureteral obstruc- 
tion. It can be invaluable in distinguishing a typical 
UPJ obstruction from rare lesions such as fibroepithe- 
lial polyps of the UPJ and mid-ureteral strictures.*¢ 
Retrograde pyelography is also useful in the assess- 
ment of ureteral trauma and evaluation of the stone 
patient prior to ureteral stone basketing or lithotripsy. 
In difficult diagnostic situations, such as unusual 
duplication anomalies or ectopic ureters, retrograde 
ureterography and pyelography can be extremely valu- 
able in defining the anatomy (Figure 37.15). 


Antegrade pyelography and ureterography 
Antegrade pyelography and ureterography are 


uncommon studies, utilized to define unusual 
anatomy, often in conjunction with the goal of drain- 
ing a hydronephrotic collecting system. The ante- 
grade study can be extremely valuable in defining 
postsurgical complications such as obstruction or uri- 
nary extravasation. It is particularly useful in defining 
the anatomy of duplex collecting systems, dilated 
ureters draining ectopically, and collecting systems 
associated with poorly functioning kidneys that do 
not excrete contrast well. 


Whitaker test 


The Whitaker test is a physiologic study combined 
with the anatomic benefit of antegrade pyelography 
that is used to assess upper tract obstruction.*4”7 The 
Whitaker test is performed with percutaneous access 
to the kidney and catheter drainage of the bladder. 
Pressures within the renal pelvis and bladder are mea- 
sured during a constant infusion of contrast into the 
renal pelvis. Pressure differentials between kidney and 
bladder of <15cmH,O are considered normal, 
whereas pressure differentials >20 cmH,O are con- 
sistent with obstruction. During the course of the 
study, imaging of the ureter clearly demonstrates the 
level of obstruction (Figure 37.16). This test is par- 
ticularly valuable in assessing a postoperative result 
when hydronephrosis persists and renal function is so 
impaired that nuclear renography is non-diagnostic. 
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Figure 37.15 An intravenous pyelogram (IVP) and a 
retrograde ureterogram of a patient with a right upper 
pole ectopic ureter. (a) An IVP of a newborn infant 
demonstrates lateral deviation of the right lower pole 
collecting system. The left kidney appears normal. (b) 
A retrograde ureterogram demonstrates the ectopic 
upper pole ureter and pelvis. 


Magnetic resonance urography 


Magnetic resonance urography (MRU) offers the 
combination of high-resolution anatomic imaging 
and functional information of the genitourinary 
system without radiation. In children, MRU is used 
to evaluate urinary tract dilatation? and differentiate 
it from obstruction,**:? evaluate complex genitouri- 
nary anatomy,*° and assess the ureters.*! 

MRU is more accurate than ultrasound? and IVP>! 
in assessing renal anatomy and can provide functional 
imaging comparable with renal diuretic scintigra- 
phy.*?.5$ Unlike IVP and scintigraphy, visualization of 
the ureters and kidneys is not dependent on renal func- 
tion. MRU is especially useful in children with poorly 
functioning kidneys and obstruction (Figure 37.17) or 


Figure 37.16 Whitaker test in 17-year-old boy follow- 
ing left pyeloplasty, having intermittent flank pain, con- 
sistent with slightly high insertion of ureter, but no 
obstruction. 
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Figure 37.17 (a-c) Magnetic resonance urograms show an ectopically insert- 


ing obstructed solitary left ureter. 


complex anatomy. Some clinicians advocate this 
method to replace ultrasound and renal diuretic 
scintigraphy in the evaluation of hydronephrosis. *” 

Many protocols are widely available,4849.54-56 
Modern MR techniques and improved coils allow for 
improved spatial and temporal resolution and faster 
acquisition time. The fast-imaging MR techniques 
allow evaluation of parenchymal perfusion, glomerular 
filtration rate,°” renal excretory function, and urinary 
drainage.” The main limitation of MRU is the rela- 
tively long duration of the examination (approxi- 
mately 30—45 minutes), which often necessitates 
sedation in young or uncooperative children. 


Key points 


1 Ultrasound is the initial imaging modality for most 
forms of ureteral pathology. 

2 Nuclear medicine or contrast studies remain essen- 
tial for the evaluation of VUR. 

3 Opacification techniques and MRI are both valu- 
able for imaging of more complex pathology. 

4 ACT scan is valuable for stone, trauma, and tumor 
evaluation. 
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Introduction 


Aside from ureteropelvic junction (UPJ) or 
ureterovesical junction (UVJ) obstruction, the pedi- 
atric urologist is occasionally confronted with rela- 
tively rare causes of ureteral obstruction. These causes 
include the retrocaval ureter, ureteral strictures or 
valves, as well as ureteral polyps. The diagnosis of 
these conditions may follow clinical symptoms of 
obstruction such as pain, hematuria, or urinary tract 
infection. Increasingly, the diagnosis of these entities 
occurs as an incidental finding with anatomic imaging 
for non-urologic symptoms. This chapter provides a 
basic description of these rare conditions and man- 
agement options. 


Surgical technique 


Ureteral obstruction often dictates operative interven- 
tion. Ureteral operations by open or laparoscopic 
techniques require adherence to certain basic princi- 
ples. The blood supply to the mid ureter is more ten- 
uous than that of the proximal and distal ureter. The 
abdominal segment of the ureter receives its blood 
supply from the renal and gonadal arteries. The pelvic 
segment of the ureter receives branches from the vesi- 
cal and middle rectal vessels and, at times, from the 
common or internal iliac arteries. The adventitia sup- 
ports multiple blood vessels and nerve fibers. The ves- 
sels of the ureter penetrate first through the muscular 
layers, where they supply the ureter with capillaries, 
and then form a plexus in the deep aspect of the 
mucosa.! To preserve the adventitia and blood 
supply, the ureter is usually mobilized with as much 
surrounding soft tissue as possible. Ischemic injury 
resulting from indelicate tissue handling will result in 
ureteral stricture. Delicate handling is, therefore, a 
requirement for successful ureteral reconstruction and 


often requires a ‘no-touch’ technique utilizing ureteral 
traction sutures. 

Critical to the success of ureteral reconstruction is 
the creation of a tension-free anastomosis. Data from 
experimental studies demonstrate that accurate tissue 
approximation without tension optimizes wound heal- 
ing and decreases the amount of fibrotic tissue. At 
times, renal mobilization may be necessary to permit 
additional ureteral length. Since wound contracture 
constitutes a routine phase of healing, a spatulated 
anastomosis, when possible, helps maintain an ade- 
quate luminal diameter. Absorbable sutures are used 
in the anastomosis, with the knot tied outside the 
lumen. Stents are frequently used and serve to pro- 
mote urinary flow through the ureter and diminish 
extravasation of urine. Extravasation is thought to 
result in a localized tissue reaction that inhibits regular 
ureteral regeneration.? Drains placed near the anasto- 
mosis are also frequently employed to permit evacua- 
tion of any extravasated urine from the site of repair. 


Retrocaval ureter 


The reported incidence of retrocaval ureter is about 1 
in 1000 and occurs three times more frequently in 
males.? The retrocaval ureter almost always involves 
the right ureter; however, rare cases involving the left 
side have been reported. The retrocaval ureter is a 
result of anomalous vascular development and is asso- 
ciated with increased cardiovascular or genitourinary 
tract abnormalities.4° In the fetus, the supracardinal 
vein lies dorsal to the ureter and usually forms most 
of the infrarenal segment of the inferior vena cava. 
The subcardinal, or posterior cardinal vein lies ventral 
to the ureter; if the subcardinal vein persists, it 
becomes the infrarenal segment of the vena cava. In 
this situation, the ureter must pass around and behind 
the vena cava — retrocaval ureter.° Most patients with 
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a retrocaval ureter are asymptomatic; however, this 
anomaly may result in ureteric obstruction, present- 
ing with pain, hematuria, urinary tract infections 
(UTIs), or stones. In these cases, the retrocaval seg- 
ment of the ureter is often stenotic. Children are fre- 
quently diagnosed after evaluation for UTI.* 

In the past, most cases of retrocaval ureter were 
found incidentally on intravenous pyelography (IVP). 
Two types of retrocaval ureters have been described, 
based on the radiographic criteria. Type I (low-loop) 
retrocaval ureter is more common and is associated 
with moderate or severe hydronephrosis, with signifi- 
cant medial deviation of the ureter toward the midline 
at the L3 level. This has been described as an S-shape 
or fishhook deformity (Figure 38.1). Type II (high- 
loop) retrocaval ureter is seen less frequently, and is 
associated with mild hydronephrosis and less medial 
deviation.® The widespread use of ultrasonography has 
resulted in more cases of retrocaval ureter being diag- 
nosed following identification of hydronephrosis. 
Computed tomography (CT) and magnetic resonance 
imaging (MRI) scans have also been reported as excel- 
lent modalities for confirming the diagnosis.47 A 
nuclear renal scan provides an estimate of relative renal 
function as well as the degree of obstruction. 


Figure 38.1 Intravenous pyelogram of a patient with a 
retrocaval ureter, demonstrating dilated proximal 
ureter with significant medial deviation at the L3 level. 


Surgical treatment involves resection of the retro- 
caval segment and anastomosis anterior to the inferior 
vena cava (IVC). Frequently, redundant proximal 
ureter is also excised. The operative approach may be 
performed through the abdomen or the retroperi- 
toneum using an open incision or via the laparoscope 
(Figure 38.2).7° 


Figure 38.2 Intraoperative view of the retrocaval 
ureter. 


Figure 38.3 A retrograde ureteropyelogram demon- 


strating a short mid-proximal ureteral stenosis. 


a 
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Congenital ureteral stenosis and valves 


Although ureteral stenosis or strictures most com- 
monly occur in the distal ureter and are associated 
with megaureters, these segments may also occur in 
the mid ureter (Figure 38.3). The etiology of con- 
genital ureteral strictures is unknown; however, the 
location of congenital strictures is predominantly at 
regions of ureteral development associated with 
another structure or a change in form such as the 
junction with the bladder or renal pelvis. In children 
with a congenital mid ureteral stricture, an association 
with contralateral renal agenesis or atrophy has been 
reported, suggesting possible bilateral aberrant 
ureteral development. Aside from a narrowed lumen 
lined by the usual transitional epithelium, histologic 
findings at the site of the stenosis vary from that of 
thickened muscle to those with a near absence of 
muscle.!°!!_ The symptoms of congenital ureteral 
strictures are variable and depend upon the degree of 
obstruction and renal function. The pathologic 
changes proximal to the stricture are a reflection of 
the severity and duration of the obstruction. 
Pyelonephritis, complicating obstruction, may lead to 
decreased renal function. ?? 

With widespread use of prenatal ultrasonography, 
an increased number of children investigated for ante- 
natal hydronephrosis are found to have congenital 
mid ureteral strictures. Although asymptomatic, the 
natural history of these strictures may require a more 
aggressive approach than other causes of antenatal 
hydronephrosis.!° Following the identification of 
hydronephrosis by renal ultrasonography, a retro- 
grade ureteropyelogram offers the most accurate 
method of localizing the strictured area and deter- 
mining the length of the obstruction as well as pro- 
viding the opportunity to catheterize or stent the 
ureter. The presentation of a mid ureteral stricture 
may mimic a classic UPJ obstruction, underscoring 
the importance of a retrograde ureteropyelogram if 
the location of the obstruction is in question. 

Dilation or endoscopic incision of the ureteral stric- 
ture may be considered, but these techniques have a 
lower chance of success than an ureteroureterostomy 
or ureteral reimplant. Similar to the retrocaval ureter, 
treatment may require excision of redundant or 
kinked segments of the ureter.!* Mobilization of the 
kidney may also be required to facilitate a tension-free 
primary ureteroureterostomy. If the narrowed seg- 
ment is several centimeters, it may be best to divide 
the strictured segment in the middle and then spatu- 
late through the narrowed segment in both directions 


as opposed to performing a complete resection of this 
segment. This permits use of the entire ureter and 
may help to avoid tension. 

Ureteral valves are also rare and often reported 
along with ureteral strictures. Valves consist of a 
transverse fold of tissue lined on both sides by uroep- 
ithelium and contains smooth muscle fibers that 
extend from the wall of the ureter and narrow the 
ureteral lumen.!! They have been reported more com- 
monly in boys and on the left side, although others 
have not demonstrated these associations.!? During 
fetal development multiple transverse non-obstruct- 
ing folds (Ostling’s folds) occur and normally disap- 
pear with postnatal growth as the ureter loses its 
tortuosity (Figure 38.4).!2 On occasion, a fold 


Figure 38.4 An intravenous pyelogram demonstrating 
non-obstructive Ostling’s folds in the proximal ureter 
of a 5-month-old infant. 
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Figure 38.5 Schematic configuration of a ureteral 
valve with the long axis of the dilated proximal ureteral 
lumen eccentric to the axis of the non-dilated distal 
ureter. 


remains and there is frequently redundancy and kink- 
ing of the ureter proximal to an apparent obstruction. 

Two subtypes of ureteral valves have been 
described: one with ureteral stenosis at and distal to 
the site of the valve, and one that involves a distal 
ureter of normal caliber. Both types of valves have the 
orifice and long axis of the distal ureter eccentrically 
located with respect to the long axis and lumen of the 
more proximal dilated ureter (Figure 38.5). This con- 
figuration inhibits antegrade flow, but retrograde 
flow in patients with a normal distal ureter is unim- 
peded. Whether the ureteral valve is the cause of 
obstruction or a secondary change that occurs as a 
result of obstruction with proximal dilation has not 
been completely resolved. Treatment of the valves 
depends on location and may involve resection, with 
subsequent ureteropyelostomy, ureteroureterostomy, 
or ureteroneocystostomy. 


Ureteral polyps 


Fibroepithelial polyps are the most common benign 
neoplasm of the ureter.!+ These lesions occur in all age 
groups and commonly present with hematuria or flank 
pain. An intravenous ureteropyelogram usually reveals 
a cylindrical ureteral filling defect that may prolapse 


Figure 38.6 Retrograde ureteropyelogram demon- 
strating a long, smooth filling defect in the distal ureter 
of a patient with a fibroepithelial polyp. 


into the bladder (Figure 38.6). Ureteroscopy allows 
identification of the smooth-surfaced fibroepithelial 
polyp. Endoscopic resection may permit complete 
removal of the polyp; however, if it is not com- 
pletely removed, regrowth may occur.!* With large 
polyps, complete endoscopic excision may be facili- 
tated by an antegrade approach via percutaneous 
nephroureteroscopy. Alternatively, ureterotomy and 
complete excision of the polyp at its base is curative. 
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Megaureter 


David B Joseph 


Introduction 


The word megaureter conveys the image of a grossly 
dilated ureter. The term is non-specific and does not 
provide insight into the pathophysiology. Our knowl- 
edge of the megaureter has changed greatly over the 
past 15 years, primarily due to fetal sonography, 
which has allowed us to follow the natural history of 
the megaureter and gain a better insight into treat- 
ment (Figure 39.1). 


Historic perspective 


Classification 


Megaureter is synonymous with a dilated ureter, 
megaloureter, wide ureter, big ureter, hydroureter — 
all descriptive terms that lack true meaning.” Cussen 
in 1971 reported on autopsy findings of the urinary 
system in infants and children. He found a child’s 
ureter consistently measured less than 5 mm. This 
was supported by the work of Hellstrom and co- 
workers who reviewed excretory urograms in 100 
boys and 94 girls. They directly measured ureteral size 
from the imaging studies and uniformly found the 
ureter to be less than 6 mm.‘ By definition, a megau- 
reter equates to a ureter of >8 mm in diameter. In 
1977 Smith® reported on a classification system devel- 
oped by a working party of pediatric urologists.° The 
group presented their findings and recommendations 
at an international pediatric urologic seminar in 
Philadelphia in 1976. An agreement was made to 
standardize the nomenclature and classification of the 
megaureter. The megaureter was classified as primary, 
referring to a lesion intrinsic to the ureter, and sec- 
ondary, denoting a reaction of the ureter to a process 
elsewhere. They went on to create the ‘ABC’ subclas- 
sification, ‘A’ representing a refluxing megaureter, ‘B? 


39 


Figure 39.1 An obstructed refluxing megaureter with 
an unusually long obstructing distal ureterovesical seg- 
ment. (Reproduced from Joseph,' with permission.) 
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Megaureter 
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Postoperative Neurogenic bladder 
Bladder outlet obstruction 


Figure 39.2 Classification of the ureter. (Adapted from King.) 


an obstructed megaureter, and ‘Œ a non-refluxing 
non-obstructed megaureter. King modified this classi- 
fication in 1980, adding a fourth subclassification 
consisting of the refluxing obstructed megaureter.” 
King’s classification is used most often when describ- 
ing the megaureter (Figure 39.2). 


Anatomy 


In order to understand pathophysiology, it is impor- 
tant to have a framework of normal anatomy. The 
ureter is divided into three distinct regions: 


E the ureteropelvic junction 
E the middle spindle 


E the ureterovesical junction. 


The ureterovesical junction is subsequently divided 
into the juxtavesicoureter and terminal ureter. The 
terminal ureter then separates into intramural and 
submucosal segments.® 

The ureter is enclosed in a loose, ill-defined sheath 
within the retroperitoneum. This sheath is a protective 
barrier for the adventitia, particularly when confronted 
with neoplastic or inflammatory retroperitoneal 
processes. Proximally, the ureteral sheath and the 
ureteral adventitia become continuous with the renal 
pelvis. Distally, the sheath and ureteral adventitia join 
to form Waldeyer’s sheath, which extends into the 
bladder wall as a portion of the deep trigone.’ 

The ureter consists of three layers: adventitia, mus- 
cularis, and mucosa. The adventitia is composed of 
longitudinally running collagen? loosely attached to 
the underlying muscularis, allowing for free peristaltic 


activity. The muscularis is made up of smooth muscle 
cells interspersed with collagen. The inner muscle 
bundles are arranged longitudinally, the middle cir- 
cumferentially, and the outer longitudinally.!° This 
configuration changes into longitudinally oriented 
muscle fibers in each layer with sparse collagen as the 
ureter enters the bladder and intramural region.!!!? 
The mucosa consists of multiple layers of transitional 
epithelium lying directly on the lamina propria. 

The ureter is supplied by a rich anastomotic arterial 
network. The proximal ureter is vascularized predom- 
inantly by an artery originating from the renal artery. 
The middle spindle receives a branch from the aorta 
and gonadal artery. The distal ureter is supported by 
arteries from the internal iliac, superior and inferior 
vesical arteries.!3 A periureteral arterial plexus courses 
the full extent of the ureter through the adventitia. 

The proximal ureter receives neuronal input via the 
renal and aortic plexus. Unmyelinated nerves travel 
throughout the adventitial layer.? The middle spindle 
is innervated by the superior hypogastric plexus and 
the ureterovesical segment by the pelvic plexus.!* 
Both adrenergic and cholinergic nerves have been 
identified within the ureter.!5 It is interesting that 
ureteral peristalsis is modulated by but not dependent 
on neuronal input. 


Pathophysiology 


Obstructed megaureter 


The primary obstructed megaureter has generated the 
greatest interest and investigation. The primary 
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obstructed megaureter has been reported in approxi- 
mately 25% of children with obstructive uropathy.!° 
It is bilateral in 25% and occurs four times more often 
in boys.!7 The left ureter is more frequently affected, 
and the contralateral kidney may be dysplastic or 
obstructed in 10-15% of children.” Endoscopically, 
the obstructed ureteral orifice can have a normal 
appearance and insert appropriately on the trigone. 
Caulk!® and Swensen et all? proposed that the 
obstructed megaureter was similar to the megacolon 
seen in Hirschsprung’s disease. However, this propo- 
sition has been refuted based on histologic evidence 
showing ganglia present in the distal primarily 
obstructed megaureter in a similar distribution to that 
of a normal ureter.?° 

Several different histologic abnormalities have been 
associated with the primary obstructed megaureter, 
indicating a spectrum of pathologic events. A local- 
ized deficiency of muscle fibers within the ureterovesi- 
cal ureter, with hypertrophy of circular muscle 
bundles immediately proximal to the deficiency, has 
been described as an adynamic distal segment result- 
ing in obstruction?!-*3 (Figure 39.3). The degree of 
obstruction may be correlated with the percentage of 
circular fibers. Gregoir and Debled found three histo- 
logic variants of obstructed megaureters: 


E dense collagen infiltration of the terminal ureter 
E distal circular muscular hypertrophy 
E varying degrees of distal muscular dysplasia.”4 


Increase in collagen deposition between the lamina 
propria and muscle bundles of the distal ureter has 
been seen with electron microscopy.**-?7 These 
pathologic changes result in muscular derangement 
and increased interstitial connective tissue within the 
ureterovesical junction. The middle spindle and 
ureteropelvic junction segments are spared.”8 

Dixon and associates assessed the histologic struc- 
ture of the ectopic obstructed ureter and found the ter- 
minal ureter was encircled by an additional thick collar 
of smooth muscle.?? Normally oriented muscle layers 
were also present but had a diminished diameter. They 
speculate this embryologic malformation does not 
spontaneously resolve and becomes the subgroup of 
obstructed megaureter that requires early intervention. 

Other clinicians have suggested abnormal acetyl- 
cholinesterase activity in the juxtavesical segment, a 
tonic response to norepinephrine, and increased intra- 
cellular calcium as etiologies of the obstructed mega- 
ureter.3031 

Some forms of the megaureter improve with 
time. 1632-36 Spontaneous improvement may result 


Figure 39.3 Obstruction due to an adynamic distal 
segment. (Reproduced from Joseph,' with permis- 
sion.) 


from segmental maturation of the obstructed distal 
ureter. Nicotina and associates postulate segmental 
hypoplasia of the inner longitudinal muscle layer and 
the possible pathogenic involvement of transforming 
growth factor-B (TGF-B), which has been shown to 
effect maturation of smooth muscle cells.3? TGF-B 
delays muscle cell differentiation and is detectable in 
the 11—21-week-old fetus but diminishes thereafter. 
TGE-B has been found in the distal ureters of children 
>2 years old with obstructive uropathy, but not in 
children >2 years old who had repair of a non- 
obstructed megaureter.*? The spontaneous improve- 
ment in the obstructed megaureter may correlate with 
TGE-B depletion within the first 2 years of life.3? 


Refluxing megaureter 


The refluxing megaureter is endoscopically character- 
ized by a gaping lateral ureteral orifice. Bladder filling 
and cyclic voiding can transmit pressure into the 
ureter, resulting in mechanical enlargement (Figure 
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Figure 39.4 Vesicoureteral reflux in a male neonate 
with elevated voiding pressure. 


39.4). Lee and associates have found a twofold 
increase in the ratio of collagen fibers to smooth 
muscle fibers in the refluxing megaureter compared 
with the obstructed megaureter and control 
ureter.338 They defined collagen fiber types and have 
shown an increase in collagen types I and III for both 
obstructed and refluxing megaureters. However, the 
refluxing megaureter contains a significantly greater 
percentage of type II collagen than other mega- 
ureters. Type II collagen is a less-distensible fiber, 
raising speculation that this intrinsic characteristic 
stiffens the ureter. This may play an important role in 
the failure rate after operative correction of refluxing 
megaureters compared with the success noted in 
other forms of megaureters.°7 

The refluxing megaureter associated with prune 
belly syndrome represents a unique abnormality.*? In 
gross appearance, these ureters are elongated, tortu- 
ous, and dilated (Figure 39.5). Endoscopically, the 
ureteral orifices are lateral, golf hole in appearance, 
and frequently associated with diverticulum. The 
distal ureter is characterized by asymmetric ectasia 
and is more often involved than the proximal ureter. 
Secondary obstruction may occur from kinking and 
folding of the redundant ureter. Primary obstruction 
has been reported at the ureterovesical junction in a 
select group.*? Histologically, there is an increase in 
fibrous tissue at the expense of normally developed 
ureteric muscle. Children with prune belly syndrome 
and vesicoureteral reflux have been reported to have 
an increased ratio of collagen to smooth muscle fibers 


Figure 39.5 The gross appearance of the ureter in 
prune belly syndrome. These ureters are elongated, 
tortuous, and dilated. There is often ureteral asymme- 
try, with the distal ureter showing significant ectasia. 
(Reproduced from Joseph,?9 with permission.) 


in the muscularis.4° This may help explain the poor 
dynamic characteristics of the ureter, resulting in inef- 
fective peristalsis and urinary stagnation.*? Degenera- 
tion of non-myelinated Schwann fibers and a 
decreased number of nerve plexi may also contribute 
to decreased ureteral peristalsis.4! Ureteric abnormal- 
ities tend to predominate in the distal portion of the 
ureter, an important concept to consider during oper- 
ative intervention. 


Non-refluxing non-obstructed megaureter 


The non-refluxing non-obstructed megaureter is most 
often encountered in the neonate with the antenatal 
diagnosis of hydronephrosis. Whereas the etiology 
remains in question, fetal renal physiology may play a 
role. Rapid changes in renal vascular resistance, 


Megaureter 581 


glomerular filtration rate (GFR), and urinary concen- 
tration result in a 4—6 times increase in urine produc- 
tion prior to birth. This increase in urine output may 
surpass the dynamic ability of the ureter to transmit 
the increased volume to the bladder, resulting in tran- 
sient ureteral dilation. 

McLellan et al report resolution of the non-reflux- 
ing megaureter in the majority of children, with the 
time to resolution based on the initial grade of 
hydronephrosis. Children with grades 1-3 
hydronephrosis resolved at a median age of 13, 24, 
and 35 months, respectively, and children with grade 
4 and 5 hydronephrosis resolved at a median age of 
48 months.*2 


Refluxing obstructed mgaureter 


The refluxing obstructed megaureter results from 
ectopic insertion of the ureteral orifice in the region of 
the bladder neck. During bladder filling, the bladder 
neck is closed, acting as a distal obstruction. With 
voiding, the bladder neck opens and allows for reflux. 
A cyclic voiding cystourethrogram may be required 
for diagnosis in suspected cases. 


Diagnosis 


The routine use of fetal sonography has dramatically 
increased the diagnosis of the megaureter. Brown et al 
delineated the impact that fetal sonography has on 
identification of the megaureter.4* Prior to fetal 
sonography, the diagnosis of a megaureter was pre- 
ceded by clinically significant symptoms, particularly 
infection, hematuria, and pain.” In the presonography 
era, clinically significant megaureters accounted for 
8% of children found to have hydroureteronephrosis 
(ureteropelvic junction obstruction was noted in 
22%, posterior urethral valves in 19%, and the 
ectopic ureterocele in 14%).*? With fetal sonography 
now routine, the megaureter is noted to occur in 23% 
of asymptomatic neonates, surpassed only by 
hydronephrosis, which is seen in 41%.4% The 
increased incidence of the megaureter can be 
explained by a more liberal use of fetal sonography 
and improved technology. 

An unknown percentage of infants identified as 
having an asymptomatic megaureter will subse- 
quently go on to have clinical symptomatology. This 
places a greater burden on imaging technology and 
our ability to assess the true clinical significance of the 
megaureter’s pathologic state. 


Evaluation 


Ultrasonography 


Ultrasonography is the primary imaging modality in 
the assessment of antenatal hydronephrosis and the 
initial imaging study obtained for symptomatic geni- 
tourinary abnormalities. Sonography plays a key role 
in the assessment of the megaureter. Evaluating the 
size, shape, tortuosity, and bulbar appearance of the 
ureter in conjunction with similar findings of the renal 
pelvis can often give the impression of an obstructive 
process. The course of the ureter may be traced from 
the renal pelvis to its distal insertion. Careful pelvic 
sonography assists in the differential diagnosis of the 
megaureter. The ureter may enter an obstructed 
ureterocele or end in an ectopic location within the 
bladder neck or posterior urethra. An obstructed 
distal segment may be recognized when a peristaltic 
wave of urine abruptly stops a few centimeters from 
the bladder and rebounds into the dilated proximal 
ureter (Figure 39.6). The echogenicity of the kidney 
is a helpful parameter used to distinguish between an 
obstructive and a non-obstructive process, with 
increased echogenicity supporting obstruction.** A 
renal resistance index (RI) >0.70 has been suggested 
to correlate with obstruction. However, the utility of 
RI in the pediatric population may be limited in the 
absence of normal standards based on ape, #8 In 
addition, sonography lacks the ability to quantify a 
dynamic process, and the true significance of any 
abnormal megaureter must be determined by a func- 
tional imaging study. 
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Figure 39.6 Sonographic appearance of the distal 
megaureter with a diminutive terminal segment. 
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Voiding cystourethrography 


Voiding cystourethrography is essential to rule out 
vesicoureteral reflux. A conventional fluoroscopic cys- 
togram is preferred over a nuclear cystogram in that 
the anatomic appearance of the bladder, bladder neck, 
urethra, and ureters is necessary for precise diagnosis 
and treatment. The cyclic voiding cystourethrogram 
is beneficial when an ectopic, sphincteric ureter is sus- 
pected. In this scenario, the ureter can be obstructed 
when the bladder is at rest and refluxes only during 
the voiding phase. Blickman and Lebowitz character- 
ize the obstructed refluxing megaureter as having a 
markedly enlarged proximal ureter with a normal- 
appearing ureterovesical segment.47 


Excretory urography 


Excretory urography is waning as a diagnostic modal- 
ity in the evaluation of pediatric uropathy. Even with 
tomography, only limited information is gained. 
Stool, bowel gas, and immaturity of the neonatal 
kidney limit its utility. In addition, the degree of 
hydronephrosis noted does not equate to severity of 
obstruction. On a rare occasion, excretory uropathy 
may play a role when anatomic definition is 
required.48 


Renography 


Diuresis renal scintigraphy provides the greatest 
quantitative information of functional and dynamic 
data. The degree of obstruction can be determined by 
evaluating multiple parameters, including renal 
uptake, excretion, time to peak activity, and T, n2 fol- 
lowing lasix washout. Two of the more common 
radiotracers used to evaluate obstruction are tech- 
netium 99m (™Tc) DTPA (diethylene triamine- 
penta-acetic acid) and °™Tc MAG3 (mercapto- 
acetyltriglycine).4?5° DTPA is a glomerular agent and 
provides limited information during the first month 
of life because of a low neonatal GFR. MAG3 is 
extracted by the kidney and dependent on effective 
renal plasma flow not GFR. This results in less back- 
ground artifact. These factors make MAG3 a more 
attractive agent during the neonatal period.*? 
Multiple variables affect data acquisition and inter- 
pretation. Consequently, renal scintigraphy must be 
performed in a standardized fashion, using a protocol 
that optimizes hydration state, administration of 
diuretic, and acquisition of time-activity curves.*! It 
is important to have a separate activity curve gener- 
ated for the kidney and the ureter when assessing for 


an obstructive pattern. Isolating simply over the 
kidney can produce deceiving results that show an 
acceptable washout of the radiotracer from the kidney 
only to be washed into an obstructed ureter (Figure 
39.7). Obtaining activity curves over the ureter will 
help confirm distal ureteral obstruction. The timing 
of diuretic administration can play a role in assessing 
T D with benefits attributed to administration at a 
standard time either before or after radiopharmaceu- 
tical administration.5? Regardless of the protocol 
used, it is most important that a consistent methodol- 
ogy is maintained in order to compare successive 
studies in the same individual. 


Magnetic resonance urography 


Magnetic resonance urography (MRU) may play a 
future role in the evaluation of the megaureter. MRU 
with gadolinium has less nephrotoxic effects than 
contrast agents used for intravenous urography and 
conventional computed tomography (CT) imaging. 
This imaging modality may become the anatomic 
study of choice, particularly when renal compromise 
is present.>-55 


Percutaneous perfusion studies 


Upper urinary tract urodynamic assessment can be 
helpful in difficult cases. The Whitaker test has tradi- 
tionally been the procedure of choice.>° However, the 
Whitaker test has limitations in the pediatric popula- 
tion. It is invasive and requires sedation for placement 
of a percutaneous renal catheter and bladder catheter. 
Whitaker described the test using a constant infusion 
of 10 ml/min, with obstruction defined as an eleva- 
tion in renal pressure >22 cmH_,O of water pressure 
over baseline.*® The rate of infusion accommodated 
by the normal infant ureter is unknown. Infusing the 
renal pelvis at a rate of 10 ml/min may overcome the 
peristaltic flow potential of the normal infant or 
child’s ureter. A constant perfusion of testing medium 
while recording the renal pelvic pressure may be a 
more appropriate test.5758 

Fung and associates explored ureteral opening pres- 
sure as a novel parameter for evaluating the obstruc- 
tive nature of pediatric hydroureteronephrosis.°® 
Renal pelvic pressure was assessed while simultane- 
ously documenting the passage of contrast material 
from the distal ureter into the bladder. The infusion 
rate was individually calculated for each patient and 
maintained within a physiologically relevant range. A 
pressure increase of 14 cmH,O within the renal pelvis 
was deemed consistent with distal ureteral obstruc- 
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tion. Although this approach is invasive, it eliminates 
the problems of the infusion rate noted in the classic 


Whitaker study.*8 


Differential treatment 


Therapeutic intervention of the megaureter is depen- 
dent on accurate classification. Secondary causes of a 
megaureter justify treatment of the primary problem, 
whether it is due to a neurogenic bladder, posterior 
urethral membrane, ureterocele, diabetes insipidus, or 
a retroperitoneal process. Treatment of those prob- 
lems is described elsewhere. 


Refluxing megaureter 


Traditionally, grade IV/V and V/V vesicoureteral 
(International Study Classification) has 
prompted operative intervention.*? That approach 
may be appropriate for older children presenting with 
symptomatic urinary infections; however, there is 
growing evidence that operative intervention is not 
required in all neonates with refluxing megaureters, 
especially when identified during the work-up of 
asymptomatic antenatal hydronephrosis. High-grade 
vesicoureteral reflux in neonates occurs more often in 


reflux 


males than females, and improvement can occur 
during the first year of life.5? There is little reason to 
proceed with early intervention, particularly when an 
infant has remained symptom-free on prophylactic 
medical management. 

The association of megacystis—megaureter was first 
described by Williams in 1954 and is now well 
understood.®! By definition, megacystis-megaureter 
is a large-capacity, thin-walled bladder with massive 
primary vesicoureteral reflux.6061 Megacystis—mega- 
ureter occurs in approximately 80% of boys diag- 
nosed antenatally with bilateral reflux and found to 
have renal impairment.° The etiology of the male 
predominance is unknown and does not appear to be 
due to bladder outlet obstruction. It is speculated that 
higher voiding pressure occurs in the male neonate. 
Children with megacystis—megaureter show progres- 
sive upper tract hydroureteronephrosis and bladder 
enlargement as a result of recurrent cycling of urine 
into the upper tract during a detrusor contraction fol- 
lowed by rapid refilling of the bladder upon relaxation 
of the detrusor after voiding. Over time, this cyclic 
event continually increases bladder volume and 
hydroureteronephrosis. Double voiding can tempo- 
rize this process in children who are toilet trained: 


10-15 minutes after the initial void, the child is 
encouraged to void again, allowing for an overall 
decrease in volume of retained urine. Positive effects 
of this technique occur first with stabilization of blad- 
der volume, followed by reduction in bladder size and 
improvement of hydroureteronephrosis. Intermittent 
bladder catheterization can be an effective technique 
of eliminating residual urine in neonates and toddlers 
who are not toilet trained, allowing the child to reach 
an age where operative reconstruction would be 
beneficial. Ultimately, children with a megacystis— 
megaureter are best served by operative correction of 
the reflux.®! 


Non-refluxing, non-obstructed megaureter 


Approximately 6-10% of neonates diagnosed with 
fetal sonography will have a non-refluxing non- 
obstructed megaureter.°? A functional study is 
required to confirm adequate ureteral drainage. The 
initial medical management will be prophylactic 
antibiotics. Children with a non-refluxing non- 
obstructed megaureter maintain normal renal func- 
tion and the megaureter often reverts to normal. 


Obstructed refluxing megaureter 


The obstructed refluxing megaureter occurs as a result 
of either a laterally positioned aperistaltic distal seg- 
ment or ectopic insertion of the ureter into the blad- 
der neck/posterior urethra. Although the condition is 
not an emergency, operative correction is required in 
order to diminish the risk of upper urinary tract dete- 
rioration and reduce risks of urinary tract infections, 
particularly those associated with the obstruction 
component. 


Obstructed megaureter 


The indication for treatment of the obstructed 
megaureter prior to fetal sonography was relatively 
straightforward. Most children presented with a 
symptomatic urinary tract infection, abdominal pain, 
nausea, or vomiting and underwent repair.? Fetal 
sonography has identified a substantial number of 
neonates with an obstructed megaureter, many of 
whom will not have clinical symptoms. Current man- 
agement of the obstructed megaureter is controver- 
sial.166467 Medical management, based on 
prophylactic antibiotics and watchful waiting, allows 
for potential spontaneous regression of the obstructed 
megaureter. Renal parenchymal thickness and func- 
tion must be objectively followed with sonography 
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and renography in order to identify renal compro- 
mise. 

Repair of the infant megaureter is technically feasi- 
ble but remains a challenge even in experienced 
hands. Secondary operative procedures have been 
reported as high as 10% when correcting an 
obstructed megaureter in an infant <8 months of 
age.° It is best to temper the initial urge to repair a 
megaureter until the child is older than 12 months of 
age, at which time technical hurdles are not as great. 

Occasionally, a neonate with an obstructed megau- 
reter will present with severe renal compromise. In 
this situation, a distal cutaneous ureterostomy can 
provide temporary relief,°* adequately draining the 
upper urinary tract and decreasing the risk of infec- 
tion. The decompressed ureter may regain tone and a 
more normal caliber as the child grows and devel- 
ops.° 


Operative approach 


Temporary diversion 


A percutaneous nephrostomy is helpful when rapid 
drainage is required. But small nephrostomy tubes are 
difficult to maintain longer than a few weeks. When 
prolonged drainage is required, a distal ureterostomy 
is appropriate. A pyelostomy can be undertaken, but 
this results in unnecessary proximal diversion when 
the pathology exists at the bladder level. 

A cutaneous ureterostomy is practical for the 
severely obstructed neonatal megaureter. The proce- 
dure carries minimal morbidity, allows for rapid con- 
tinuous decompression, and can often be performed 
in the outpatient setting. The ureter is approached 
through a 2 cm incision placed within an ipsilateral 
low inguinal skin crease. The muscles are separated 
and the space of Retzius entered. Identification of the 
ureter is facilitated when the bladder is partially full 
and it is usually easily visualized on account of its size. 
Caution should be taken before opening the ureter, 
because bowel can be mistaken for a distended ureter, 
particularly in the infant. When there is doubt, a 21- 
gauge needle should be used to aspirate the contents 
and confirm urine. If the ureter is not easily identified, 
the obliterated umbilical artery provides a suitable 
landmark for initiating the search. The ureter will 
often be found just beneath the transected obliterated 
umbilical artery. Once mobilized, a cutaneous loop 
ureterostomy provides adequate drainage. The ureter 
is secured to the anterior rectus fascia with 4-0 or 5-0 


absorbable suture and to the skin with the same. The 
size of the ureter prevents postoperative stenosis. 


Definitive reconstruction 


The approach to the ureter for definitive urinary 
reconstruction can be either intravesical, extravesical, 
or combined. The dilated ureter is redundant and tor- 
tuous. Straightening and tapering the ureter without 
devascularization is required. The functional ability of 
the ureter to transmit urine into the bladder via peri- 
stalsis is inversely related to the size of the mega- 
ureter. The ureter is tapered to achieve a ureteral 
diameter that will allow for a 4-5:1 ratio of tunnel 
length to ureteral diameter necessary for an anti- 
refluxing repair. Enough ureter is mobilized in order 
to taper the intravesical ureter and a short portion of 
extravesical ureter. There should be a gradual transi- 
tion from the tapered to dilated ureter to prevent a 
sharp gradient, which can act as a pseudo-obstruc- 
tion. Multiple tailoring techniques exist for ureteral 
tapering and include ureteral imbrication and formal 


ureteral excision.”°-73 


Imbrication 


Ureteral imbrication is appropriate for marginally 
dilated ureters. Two common imbricating techniques 
are the Starr and Kalicinski plications.”°”! In the Starr 
plication, a Lembert technique with 6-0 absorbable 
suture is used to ‘fold in’ the redundant ureter over a 
10 or 12 Fr catheter”? (Figure 39.8). Kalicinski estab- 
lished a plication technique that excludes the redun- 
dant ureter from the urinary system”! (Figure 39.9). 
A 10 or 12 Fr catheter is used for a template and an 
avascular segment of excess ureter is isolated. A run- 
ning 5-0 or 6-0 absorbable suture follows the course 
of the ureter, separating it from the redundant seg- 
ment. The redundant segment is then folded over the 
ureter and secured with a second absorbable suture 
layer (Figure 39.10). Regardless of the imbrication 
technique, the plicated ureter is brought into the 
bladder and secured to the floor either in a cross trig- 
onal or a Politano—Leadbetter fashion. 

Ureteral stents may be placed for 3-7 days, but are 
often unnecessary. The advantage of ureteral plica- 
tion relates to preservation of the blood supply, 
decreased incidence of devascularization, minimal 
risk of urinary leak, and infrequent obstruction. 
When massive ureteral dilation is present, imbrica- 
tion will add unwanted bulk, making the ureter diffi- 
cult to reimplant particularly if a bilateral procedure 
is performed. 
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Ureter 


(o) 


Catheter 


Figure 39.8 Starr technique of ureteral imbrication. (a) The ureter is folded inward over a 10 or 12 Fr catheter as a 
guide. (b) The distal portion is secured with interrupted sutures to allow for transection without compromising the 


running suture line. (c) Cross section of (b). 


(¢) 


Figure 39.9 The Kalicinski technique of ureteral imbrication. (a) The excess segment of ureter is excluded from the 
flow of urine. (b) It is then folded over the ureter using a 10 or 12 Fr catheter as a guide. (c) The distal portion is 


secured with interrupted sutures to allow for transection. 
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Figure 39.10 (a) Kalicinski plication technique isolating the redundant ureter from the distal flow of urine (arrows). 
(b) The excluded segment has been folded and secured to the distal ureter. (Reproduced from Joseph,' with 
permission.) 


Excisional tapering 


Formal excisional tapering of the ureter is required 
for extremely bulky ureters or a bilateral process. 
Hendren pioneered ureteral remodeling and the tech- 
nique has stood the test of time.”2 The ureter is 
loosely tapered over a 10 or 12 Fr catheter, depend- 
ing on the child’s age and size. Straight Allis clamps 
are placed longitudinally along the ureter in a region 
of least vascularity. Angled Allis clamps are then 
placed over the ureter, securing the internal 10-12 Fr 
catheter (Figure 39.11). Care is taken to prevent the 
temptation of excluding too much redundant ureter, 
which results in excessive tapering around the 
catheter. The ureter is closed in two layers: first a run- 
ning, locking 5-0 or 6-0 absorbable suture directly 
opposes the mucosa and the muscularis of the ureter 
— the locking technique limits ureteral reefing and 


decreases extravasation; a second running adventitial 
layer of absorbable suture decreases leaking. Both 
running layers stop a few centimeters from the distal 
end of the ureter. The very distal portion of the ureter 
is closed in two layers with interrupted sutures. This 
allows for excision of the distal ureter, if required, 
without interruption of the running suture line. A 
ureteral stent can be placed: 


to decrease urinary extravasation 

to provide a scaffold for the ureter to conform to 
during the postoperative period 

to prevent kinking 

to bypass the tapered region, which initially may act 
as an obstruction as a result of postoperative edema. 


The ureter may be stented for 7-14 days. The necessity 
for a Penrose drain is variable, depending on the tech- 
nique used for ureteral tailoring and the presence of a 


Figure 39.11 (a) Angled Hendren clamps placed loosely over a 10 or 12 Fr catheter securing the retained portion of 
the distal ureter. Straight Allis clamps isolate the segment to be excised. (b) A two-layer technique is used to close 
the ureter, interrupting the distal most portion and allowing for excision, as needed. The arrows indicate the inter- 
rupted portion. (Reproduced from Joseph,' with permission.) 
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ureteral stent. A Penrose drain may be helpful when a 
ureteral stent has not been placed and a substantial por- 
tion of tapered distal ureter remains extravesical. 

In most situations, only the portion of the distal 
ureter which is going to be placed within the bladder 
and 1 or 2 cm beyond needs to be tapered. There 
should be a gentle transition from the ureteral hiatus 
at the bladder to the non-tapered ureter. Proximal 
ureteral tapering is rarely required and limited to chil- 
dren with persisting proximal hydroureteronephrosis, 
with an obstructed pattern in the face of a patent 
distal ureter.” In complex reconstructive cases, con- 
sideration should be given to a transureteroureteros- 
tomy and a unilateral tapered reimplant, particularly 
when there is small bladder. 


Postoperative management 


Removal of the ureteral stent is dependent on the 
procedure performed. The stent can be removed 3-7 
days after imbrication, and 7-14 days following an 


a. RT 


LATERAL 


excisional repair. Ureterograms at the time of stent 
removal are not necessarily beneficial. Postoperative 
edema can limit drainage, giving the appearance of a 
high-grade obstruction, when, in fact, removal of the 
stent is all that is required. Administration of a broad- 
spectrum antibiotic prior to removing a stent 
decreases the possibility of urosepsis even when the 
child has been maintained on prophylactic antibiotics. 
Postoperative ureteral edema can persist for 6 
weeks. Imaging studies, either sonography or renal 
scintigraphy, should be avoided during that time. The 
initial images on sonography may show increased 
hydronephrosis and proximal hydroureter when com- 
pared with preoperative sonographic imaging, partic- 
ularly when repairing a refluxing megaureter (Figure 
39.12). This is because of the compliant proximal 
ureter and relative resistance to flow through the 
tapered segment. It is important to review the ureteral 
size on the preoperative cystogram to help determine 
the significance of postoperative sonographic dilata- 
tion. Renal scintigraphy should be used to assess for 
postoperative obstruction in troublesome cases. 
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Figure 39.12 (a) A 6-week postoperative ultrasound, showing hydronephrosis (left) and a hydroureter (right). The 
preoperative ultrasound was normal. (b) A 3-month postoperative ultrasound. The hydronephrosis (left) and 


hydroureter (right) has resolved. 
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A postoperative voiding cystourethrogram at 6 
months is performed to confirm the absence of vesi- 
coureteral reflux. Prophylactic antibiotics can be dis- 
continued with resolution of the reflux. 


Complications 


Successful operative outcome of megaureter recon- 
struction has been reported to be 93-95% for imbri- 
cation,©8:7174-78 and 74-90% for 
tapering.687476.7%-82 However, the complication rate 
and morbidity is greater than when performing a 
non-tapered ureteroneocystostomy. The two most 
common complications are obstruction and persisting 
reflux. 

Postoperative complications are not simply due to 
technical error; inherent ureteral characteristics and 
bladder dysfunction affect a successful outcome. 
Increased collagen deposition and altered smooth 
muscle may be the etiology for a higher rate of per- 
sisting vesicoureteral reflux following repair.??37 

Postoperative edema can lead to obstruction that 
requires temporary percutaneous nephrostomy diver- 
sion. Physician patience is prudent to allow for the 
operative edema to subside, which might take 2-3 
months. Persistent obstruction is probably the result 
of ureteral ischemia and will ultimately require 
revision. 

Persisting vesicoureteral reflux has been reported 
to occur in approximately 5% of tapered reim- 
plants.°8:71,74-84 Transient mild reflux noted at 6 
months can resolve with further time. Reflux persist- 
ing greater than 3 years is unlikely to improve:68 
when it is significant and symptomatic, secondary 
corrective intervention is required. A formal reoper- 
ative procedure is undertaken, with attention paid to 
preserving the ureteral blood supply and maximizing 
the ratio of ureteral tunnel length to diameter of at 
least 5:1. In-situ ureteral tailoring is an appealing 
alternative to a formal excisional repair. It achieves a 
gradual decrease in intraluminal diameter without 
compromising vascularity and avoids the difficult 
ureteral dissection. This should be considered in 
cases when the ureteral tunnel length had been max- 
imized at the first encounter.8? Contralateral reflux 
may occur more following repair of the refluxing 
megaureter compared with the obstructed megau- 
reter. It has been suggested that the functional 


anatomy of the trigone is impaired in reflux but not 
5 


excisional 


in obstruction.’ 


Summary 


The asymptomatic megaureter is commonly encoun- 
tered as a result of the routine use of fetal sonography. 
The natural history of the megaureter supports obser- 
vation and non-operative management of most 
infants. When operative management is required, pre- 
cise classification of the pathophysiology, along with 
intervention by a pediatric specialist, should result in 
a successful outcome. 
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ectopic ureters and ureteroceles 
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Introduction 


Ureteral duplication is one of the most common anom- 
alies affecting the genitourinary tract. Variants, includ- 
ing incomplete ureteral duplication and complete 
duplications with normally developed renal moieties, 
constitute the vast majority. As such, they represent no 
more than radiologic curiosities. Anomalies with clini- 
cal significance, including ectopic ureters and uretero- 
celes, are much less common. Historically, the majority 
of these were probably clinically silent. A smaller por- 
tion became evident as a consequence of hydronephro- 
sis, vesicoureteral reflux (VUR), or incontinence, 
either in combination or alone. More recently, antena- 
tal diagnosis has uncovered many urologic anomalies, 
including different variants of ureteral duplications, 
which are asymptomatic. Antenatal detection enables 
the preservation of renal function and the avoidance of 
illness for some children. For others, perinatal identifi- 
cation creates controversy by introducing a large group 
of abnormalities that may have gone harmlessly unde- 
tected in the past. 

Despite these decision-making dilemmas, it seems 
prudent to institute pre-emptive therapy for urinary 
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tract anomalies that pose risk to a child, until those 
characteristics that typify their spontaneous resolution 
or a lifetime free of urologic problems are better 
defined. Spontaneous resolution seems unlikely for 
most ectopic ureters and uretereoceles. As a conse- 
quence, pediatric urologic surgeons must remain 
familiar with the natural history of duplication anom- 
alies, well versed in the evolving recommendations for 
their management, and familiar with the variety of 
surgical techniques available for their reconstruction. 


Embryologic considerations 


Normal development 


A review of normal development provides the basis 
for understanding the pathophysiology of anomalies 
of the ureter and, in some cases, aids in their diagno- 
sis and clinical management. 

Ureteral development coincides with that of the 
kidney between 4 and 8 weeks of gestation. The 
ureteral bud (metanephric duct) projects from the 
wolffian (mesonephric) duct just proximal to its junc- 
tion with the cloaca (Figure 40.1). As the ureteral 
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Figure 40.1 (a and b) Relationships of ureteral bud, wolffian (mesonephric) duct (W-D) and urogenital sinus (U-G). 
The segment of wolffian duct between urogenital sinus and ureteral bud represents the common excretory duct. 
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bud elongates in a cephalad direction, it penetrates 
the adjacent metanephric tissue and divides into the 
calices and collecting ducts. Proper fusion of the bud 
and the nephrogenic blastema is critical to tubular 
maturation within the renal anlage and ultimate func- 
tion of the kidney. Mesenchymal-epithelial interac- 
tions, perhaps under the influence of local paracrine 
factors acting via receptors on the ducts, help pattern 
normal formation.” 

The segment of wolffian duct between the cloaca 
and takeoff of the ureteral bud (the future ureteral 
orifice) is called the common excretory duct. The 
migration of tissue that occurs during the excretory 
duct’s incorporation into the urogenital sinus helps to 
explain the variable relationships that sometimes 
occur between the ureter(s) and the trigone of the 
bladder, urethra, and genital ducts. Conceptually, 
these events represent some of the most difficult to 
understand in urinary tract embryology. 

In brief, as the common excretory duct is absorbed 
into the bladder, the ureteral orifice migrates in a cra- 
nial and lateral direction. While this occurs, the excre- 
tory duct migrates to the midline and fuses with its 
contralateral partner to form the primitive trigone. 
This would explain the presumed mesodermal origin 
of the trigone, although recent studies have suggested 
that the tissue may instead be endodermal in origin. 
The orifice of the wolffian duct ends in a caudal and 
medial position at the utricle. The wolffian 
(mesonephric)) duct ultimately differentiates into the 
prostate, seminal vesicles, vas deferens, and epididymis 
in males. In females, the wolffian ducts guide the miil- 
lerian ducts into position in the midline, where the 
latter fuse to form the uterus, proximal vagina, and fal- 
lopian tubes. After their involution, wolffian remnants 
persist in as many as 25% of women as Gartner’s duct 
lying along the anterolateral vaginal wall and uterus, 
and the epoophoron and oophoron within the broad 
ligament supporting the fallopian tubes. 
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Figure 40.2 Anatomic locations of ectopic ureters. 


Trigone 


Bladder 


Prostatic 


Explanations for the variety of anomalies that affect 
the ureter have their basis in this developmental pro- 
gression, although the causes of the initial insult 
remain unclear.* An alteration in timing seems key. 


Abnormal development 


Lateral orifice ectopia occurs when the ureteral bud 
originates from a more caudal position than usual on 
the mesonephric duct. As a result, the ureteral orifice 
has more time to be absorbed within the bladder and 
begin its cranial and lateral migration. As the degree 
of laterality becomes more exaggerated, the length of 
submucosal ureter is progressively shortened. In addi- 
tion, because the common excretory duct is shortened 
by the premature takeoff of the ureteral bud, its mes- 
enchymal contribution to the trigone is blunted. This 
results in muscular deficiency of the trigonal-ureteral 
complex. Primary reflux becomes a common conse- 
quence of lateral ectopia and is thoroughly discussed 
elsewhere (see Chapters 42—46). 

Caudal ectopia of the ureter results from an abnor- 
mally high takeoff of the ureteral bud. This allows less 
time for the orifice to be absorbed into the bladder. Now 
more closely positioned to ductal tissue typically destined 
to become wolffian, the ureter arrives in a medial trigo- 
nal or urethral location or extravesically positioned along 
the path of wolffian duct structures or remnants. The 
location of wolffian remnants helps explain an important 
difference in presentation of ectopic ureters between 
males and females (Figure 40.2). Ectopic ureters in 
males are connected to structures that continue to drain 
into the bladder proximal to the urinary sphincter. Uri- 
nary control should be normal. In contrast, ectopic 
ureters in females potentially vent into remnants adjacent 
to the fallopian tube (epoophoron), body of the uterus 
(paroophoron), and vagina (Gartner’s duct), where they 
presumably rupture or are absorbed. Since the urinary 
sphincter is bypassed, incontinence results. 
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Figure 40.3 (a-c) Complete ureteral duplication. Caudal ectopia (U') results from abnormally high takeoff of ureteral 
bud, which remains positioned near wolffian duct tissue. Lateral ectopia (U2) results from more caudal position, 


allowing more time for intravesical migration. 


Ureteral duplication occurs when a single ureteral 
bud branches prematurely during its ascent or when 
two distinct ureteral buds arise from the wolffian 
(mesonephric) duct (Figure 40.3). The clinical signif- 
icance of these anomalies depends on the location of 
the buds and their interplay with the developing 
kidney. 

Branching of a single bud after its takeoff from the 
mesonephric duct results in incomplete ureteral dupli- 
cation. The configurations that can occur range from 
anomalies as mild as a bifid renal pelvis (late branch- 
ing) to nearly complete duplications having a 
common intravesical stem (early branching). The 
location of the ureteral orifice with incomplete dupli- 
cations depends upon the takeoff of the ureteral bud 
in the sequence cited above. Bifurcations can occur at 
any level from the bladder to the renal pelvis but 
begin in the lower third of the ureter.5 Most buds are 
normally positioned along the mesonephric duct and, 
as a consequence, incomplete duplications are usually 
radiologic curiosities having little clinical significance. 

Complete ureteral duplication occurs when two 
ureteral buds project from the mesonephric duct, each 
having a separate interaction with the metanephric 


blastema. During their early takeoff, the buds interact 
with the primordial kidney in logical fashion. The 
most superior/cephalad bud induces the upper por- 
tion of the blastema (upper pole), while the lower 
bud joins the lower pole moiety. However, the ulti- 
mate positions of the ureteral orifices are governed by 
the same enigmatic rules of tissue migration and 
incorporation into the bladder described for singlets 
above. 

When both buds are close together and project 
from a normal position along the mesonephric duct, 
both ureters will have normally positioned orifices. 
When the buds are more widely separated, one or 
both will be ectopic. If the superior/upper pole bud 
projects from an abnormally high position along the 
mesonephric duct, caudal ectopia is the outcome. If 
the bud to the lower pole originates from a more 
caudal position along the duct, lateral ectopia results. 
To achieve their ultimate positions, the ureters and 
their orifices complete a 180° clockwise rotation 
along their longitudinal axes. These relationships, 
defined by the Weigert—Meyer law, are unusually con- 
sistent.©” Exceptions have been described but are 


rare.8.? 
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Recent studies using angiotensin type 2 receptor 
(AGTR2) gene mutant animals have demonstrated 
features similar to those of humans with duplication 
anomalies.!9-!! Similarities in renal development to 
the relationships defined by the Weigert—Meyer prin- 
ciple and the theories proposed by Mackie and 
Stephens (below) have been correlated with this 
genetic abnormality. There is a high likelihood that 
AGTR2 plays a part in the polygenic mode of inheri- 
tance of ureteral abnormalities in humans. 


Ureteroceles 


Several theories have been proposed for the develop- 
ment of ureteroceles, though their etiology remains 
unclear. Some of the more popular theories are: 


1 Persistence of Chwalla’s membrane, which is a 
two-layered membrane that transiently separates 
the caudal end of the wolffian duct from the uro- 
genital sinus (37 days’ gestation),!? is possible. 
Incomplete dissolution of the membrane could 
account for the cystic dilatation of the terminal 
ureter and stenosis of the orifice found with urete- 
roceles. 

2 Abnormal muscular development of the terminal 
ureter has been implicated by a number of stud- 
ies.! Ballooning of the distal ureter could be 
explained by a deficiency or an absence of its mus- 
cular investing layers, a finding shown in over 90% 
of specimens in one study.!* By comparison, the 
distal segments of ectopic ureters consistently have 
musculature that is better developed than uretero- 
celes.1° The ureterocele itself is covered with vesi- 
cal mucosa, whereas the internal lining is made up 
of ureteral mucosa. Varying degrees of attenuated 
smooth muscle and connective tissue are sand- 
wiched between. An element of meatal or 
perisphincteric obstruction,!© may also contribute 
to the dilatation. However, some ureteroceles pre- 
sent without a functioning kidney, suggesting to 
some clinicians that urinary output is an unneces- 
sary impetus to distal ureteral ectasia.!” It is also 
plausible that the kidneys associated with these so- 
called ‘blind ureteroceles’ produce urine during an 
early critical stage in development but subse- 
quently involute. 18 

3 Abnormal widening of the mesonephric duct may 
occur in the segment between its insertion at the 
urogenital sinus and the ureteral bud. This area 
normally dilates in concert with an undefined stim- 
ulus for vesical and urethral expansion. Ureteral 
migration is presumably completed before this 


expansion occurs. Proximal extension of the 
widening process into the distal ureter could result 
in ureterocele development. This explanation 
seems plausible for intravesical ureteroceles, the 
ureter and orifice of which have migrated appro- 
priately. Late incorporation of the ureteral bud 
from an abnormally proximal position within this 
dilated segment is another possibility. This expla- 
nation is more compatible with extravesical urete- 
roceles accompanied by ectopic orifices. Notably, 
ectopic ureters associated with even more proximal 
buds that insert into wolffian remnants are rarely 
ectatic at their distal ends. They are presumably 
unaffected by the stimulus that alters the urogeni- 
tal sinus.!3 As discussed below, the concept of 
abnormal bud position may also account for the 
renal dysplasia that accompanies many extravesical 
ureteroceles. 


Ureteral-renal interactions 


The ultimate maturation of the renal blastema is dic- 
tated by its interaction with the ureteral bud. When 
this interplay is experimentally altered, the expected 
transformation of blastema to normal nephron does 
not occur. !°20 Mackie and Stephens?! proposed the 
mid-region of the elongate metanephric blastema as 
being most conducive to becoming normal renal 
parenchyma. Ureteral buds that originate from abnor- 
mally cephalic or caudal positions along the wolffian 
duct are destined to induce polar blastema, which 
results in cystic dysplasia (Figure 40.4). This theory 
offers a ready explanation for the dysplasia and scars 
found within kidneys with associated VUR where 
urinary tract infections (UTIs) have never occurred. It 
could explain why ectopic ureters with urinary inser- 
tions (GU-ectopy) are more likely to be associated 
with functioning renal parenchyma than ectopic 
ureters having wolffian or gynecologic (GYN-ectopy) 
insertions, where dysplasia is often present.?? Ureteral 
bud takeoff could also explain the difference between 
the salvageable renal function usually seen with 
intravesical ureteroceles, and the poor function that 
occurs with extravesical ureteroceles. 

Clinical correlates offer only guarded support of 
this theory, despite its attractiveness. Most studies 
generally cite poor renal function in the presence of 
severe reflux or marked ureteral ectopia,”* though the 
difference between GU- and GYN-ectopy has come 
into question.” In addition, antenatal detection has 
added some new twists. In one review of specimens 
from 50 consecutive patients undergoing hemi- 
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Figure 40.4 In theory, the position of the ureteral bud on the wolffian (mesonephric) duct corresponds to the final 
position of the ureteral orifice and differentiation of the metanephric blastema. Lateral and caudal ectopia can both 


result in renal dysplasia. 


nephrectomies, dysplasia was seen in 70% from urete- 
roceles and 30% from ectopic ureters.?° Each had 
been diagnosed antenatally, yet none were felt to have 
histologic changes that may have benefited from renal 
preservation surgery. By contrast, in a similar series of 
40 consecutive antenatally diagnosed duplication 
anomalies, only six required heminephrectomy 
because of poor function and none of these showed 
evidence of dyplasia.*° 

Most historical reports cite salvageable renal func- 
tion in only 20-30% of patients with ureteroceles. 
This pales next to the yield of contemporary series, 
whose numbers are inflated by the addition of ante- 
natally diagnosed anomalies and the sensitivity of 
better diagnostics. The clinical implications are obvi- 
ous (see Recommendations). Are these renal moieties 
that were previously destined to lose renal function as 
a consequence of progressive obstruction? Do they 
truly benefit from being surgically diverted or endo- 
scopically decompressed? Or is renal parenchyma 
being preserved that has an intrinsic developmental 
insult? Nodular renal blastema has been reported in 
upper pole heminephrectomy specimens removed 
with ectopic ureteroceles.2” Dysplasia is also a 
common finding.” The study by Arena et al? failed 
to show any evidence of reversible histologic changes 
in heminephrectomy specimens of patients whose 
ureteroceles had been prenatally diagnosed. It is 
unclear as to whether this is cause for concern. To 
date, no chronic complications of renal salvage unre- 


lated to the surgery itself (e.g. hypertension or tumor 
formation) have been reported. 


Nomenclature and classification 


Ectopic ureters 


The term ectopic ureter refers to a ureter that has 
migrated with the wolffian duct structures and is 
more caudally positioned than a normal ureter. Such 
ureters drain into the urethra, wolffian, or miillerian 
structures. The ureter to the lower pole of a duplica- 
tion, which is often laterally displaced and ectopic in 
the purest sense, is regarded as orthotopic. Single- 
system ureters, that are laterally misplaced and reflux 
as a consequence, are discussed elsewhere (see Chap- 
ters 42-46). 


Ureteroceles 


Historically, ureteroceles associated with single sys- 
tems were regarded as orthotopic or simple and con- 
sidered adult type, despite the fact that some such 
variants are clearly ectopic and are found in children 
(Figures 40.5-40.9). Ureteroceles subtending the 
upper pole ureter of a duplex system have been 
described as ectopic and pediatric, although excep- 
tions to both descriptions also commonly occur.3? 
Gonzalez?! felt it simplest to describe the anomaly 
based on the location of its orifice. Other than their 
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Figure 40.5 Intravesical ureterocele subtending a 
single ureter. This can also be classified as orthotopic 


j Figure 40.6 Excretory urogram shows bilateral single- 
or simple. 


system intravesical ureteroceles, right larger than left. 
Renal function is typically preserved. 


Figure 40.7 Ultrasonic appearance of a similar patient 
with bilateral intravesical ureteroceles. 


association with a single or duplex system, two types 
of ureteroceles exist: intravesical or extravesical. This 
definition avoids the confusion associated with the 
terms ectopic and orthotopic. In addition, such 


Figure 40.8 Intraoperative photograph of bilateral 
intravesical single-system ureteroceles. 


nomenclature reflects the embryologic importance of 
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Figure 40.9 Large ureterocele extending towards the 
bladder neck (top). There is a catheter in the lower pole 
ureter, which is displaced and freely refluxes. 


the ureteral bud/orifice to renal development and dis- 
tortion of the bladder neck. However, this form of 
categorization potentially mislabels ureteroceles with 
an intravesical orifice but an extension into the blad- 
der neck or urethra. Anatomically, these could also be 
considered extravesical. 

A variety of other classification schemes have been 
proposed for ureteroceles, although no system has 
been adopted universally. Stephens’ categorization!® 
can be used to provide additional information about 
the location and configuration of the orifice of the 
ureterocele. These factors presumably account for the 
degree of distortion of the bladder neck and urethra, 
as well as the extensiveness of the renal dysplasia 
accompanying the anomaly (Table 40.1; Figures 
40.10 and 40.11). 


Characteristics 


Ureteral duplications 


Duplication is the most common congenital anomaly 
in the urinary tract: a 0.7% incidence was found in 
one series of more than 50 000 autopsies. *? Intra- 
venous urograms demonstrate duplications in 4% of 
studies, and hydronephrosis and scarring is seen in 
27% of these.33 Females are affected two to four 
times more commonly than males. The right and left 
collecting systems are affected equally. Bilateral dupli- 
cations occur in 17—33% of cases. 

The anomaly is an inheritable defect transmitted in 
an autosomal fashion having variable penetrance.*# 


Figure 40.10 Sphincteric variant of extravesical ureterocele subtending upper pole ureter of duplex system. The ori- 
fice opens proximal to the external sphincter. Normal contraction of the bladder neck may contribute to ureteral 


obstruction. 
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Table 40.1 Classification of duplex ureteroceles 


Involve a congenitally small ureteral orifice adding an element of 
obstruction for the upper pole 
The ureteral orifice is large and balloons open without any ureteral 


The orifice opens outside the bladder and the ureterocele extends 
into the bladder neck and urethra. The orifice is normal or large and 
usually opens proximal to the external sphincter. In females, the 
meatus may open distal to the sphincter. At rest, the bladder neck 
and sphincter contract on the ureter and orifice, causing obstruction 
Similar to sphincteric, but the ureteral orifice is stenotic 


A large orifice opens in the bladder but a blind pouch or cecum 


extends into the submucosa of the urethra. When the cecum 
distends with urine, urethral obstruction can result 


Ureterocele Frequency (%) Features 
Intravesical 

Stenotic 40 

Non-obstructed 5 

obstruction 

Extravesical 

Sphincteric 40 

Sphincterostenotic 5 

Cecoureteroceles 5 

Blind ectopic 5 


From Stephens.13 


Figure 40.11 (a) Cecoureterocele variant of an extra- 
vesical ureterocele. Blind-ending extension beneath 
submucosa of urethra can prolapse and/or cause blad- 
der outlet obstruction. (b) Cystoscopic appearance of 
the urethral extension of the cecoureterocele. 


The parents or siblings of a child with a duplex ureter 
have as much as a one in eight chance of having a sim- 


ilarly affected child.35 


Ectopic ureters 


The incidence of ureteral ectopia was approximately 1 
in 2000 in one series of autopsies in children. Many 
remain asymptomatic and a true incidence is difficult 
to determine.3ć Ectopic ureters occur in females two 


Similar to sphincteric, with no ureteral orifice 


to three times more commonly than males,3738 
although as high as 12-fold increases have been 
cited.2? More than 80% of females with ectopic ureters 
have duplex systems. The majority (75%) in males are 
singlets,4041 Between 70 and 80% of ectopic ureters 
are associated with complete duplications. Nearly 20% 
of patients with ureteral ectopy have bilateral involve- 


ment.*” In one report of nearly 500 ectopic ureters, 


the posterior urethra and prostatic urethra (57%) were 
the most common sites of drainage in males. The sem- 
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inal vesicle (33%) was also commonly involved. More 
remote terminations at the ejaculatory duct and vas 
were rare (10%). The urethra and vestibule were the 
most common drainage sites for 69% of females. 
Vaginal ectopy occurred in another 25%.97 


Ureteroceles 


The incidence of ureteroceles was as high as 1 in 500 
in one autopsy study. They occur in females four 
times more commonly than in males.4*+3 Ureteroce- 
les in girls are associated with duplex systems 95% of 
the time. By contrast, up to 66% of boys have single- 
system anomalies.*+ Nearly all appear in Caucasians. 
Eighty percent of ureteroceles are associated with the 
upper pole of a duplex system; the remainder are single- 
system ureteroceles. Bilateral involvement occurs in 15% 
of cases.* A genetic predisposition has been shown.* 


Presentation 


Antenatal ultrasonography has dramatically increased 
the detection of urinary anomalies and, in some cases, 
has altered our understanding of their natural history. 
The yield from routine screening is significant. Abnor- 
malities of the urinary system are detected in approxi- 
mately 1 in 500 studies, second only to those of the 
nervous system. The breakdown of diagnoses in a typi- 
cal series is shown in Table 40.2. Notably, ectopic 


Table 40.2 Prenatal diagnosis of hydronephrosis and 
the breakdown of prenatally diagnosed duplex 
systems 


Prenatal diagnosis of 

hydronephrosis (177 cases)? 

Hydronephrosis: 154 
Bilateral hydronephrosis 73 
Unilateral hydronephrosis 61 
Bladder outlet obstruction 9 
Duplex/hydronephrosis 9 
Prune belly syndrome 2 

Multicystic dysplastic kidney 10 

Autosomal recessive kidney 5 

Other 8 


Breakdown of prenatally 
diagnosed duplex systems (39 cases)? 


Ureterocele 15 
Ectopic ureter 15 
Lower pole reflux 6 
Lower pole UPJ obstruction 2 
Yo-yo reflux 1 


aAdapted from Mandell et al.47 
bAdapted from Jee et al.23 


ureters, duplications, and ureteroceles can all be 
detected antenatally. Further evaluation after birth is 
warranted, even in instances where the anomaly was 
present earlier in gestation and has presumably 
resolved.*8 In many cases, the exact etiology of 
hydronephrosis, the most common antenatal finding, 
cannot be determined until after delivery. Prenatal cases 
of bladder outlet obstruction have been reported.*? 
Antenatal intervention has been described for rare cases 
of bladder outlet obstruction caused by ureteroce- 
les.5°.5! Because of the tendency for urinary infections 
with hydronephrosis, it seems reasonable to keep new- 
borns on prophylactic antibiotics (amoxicillin) until 
their anatomy is better defined (see Evaluation below). 

After delivery, an extravesical ureterocele represents 
the most common cause of bladder outlet obstruction in 
newborn girls and the second most common cause in 
boys, after posterior urethral valves (PUVs). A true 
pediatric urologic emergency can result, depending on 
the degree of obstruction. The diagnosis of an obstruct- 
ing ureterocele should be considered in any infant, espe- 
cially a girl, with bladder distention, anuria, or ascites.>? 
When full-blown prolapse occurs, clinicians will 
encounter a congested, ecchymotic interlabial mass 
(Figures 40.12-40.15). The mass may have varying 


Figure 40.12 Congested and ecchymotic prolapsed 
ureterocele presenting as an interlabial mass. 
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Figure 40.13 After incision at the bedside, the uretero- 
cele is decompressed and retracts into the bladder 
after a few days. Given the severity of this type of 
defect, lower urinary tract reconstruction is ultimately 
warranted in affected infants. 


Figure 40.14 Prolapsing ureterocele associated with 
non-functioning upper pole moiety appears as a filling 
defect occluding the urethra on excretory urography. 


Figure 40.15 Large ureterocele associated with non- 
functioning right kidney occluding bladder and con- 
tralateral kidney. Given the size and position, prolapse 
through the female urethra of such a variant, especially 
with urethral extension, is easy to envision. 


hues, depending on the degree of vascular compromise. 
Since prolapse usually occurs down the posterior wall of 
the urethra, the meatus will be evident anteriorly and 
can be catheterized. Cecoureteroceles, the distal projec- 
tions of which extend down the urethra, have a less pro- 
tuberant appearance if they reach the perineum. They 
are rarely ecchymotic since vascular compromise is not 
an issue (Figure 40.16). The smooth wall of the urete- 
rocele helps differentiate it from the more ominous 
grapelike appearance of sarcoma botryoides. The white 
mucus-filled periurethral (Skene’s) duct cyst is consid- 
ered in the differential, as is Gartner’s duct cyst. The 
latter can protrude from the vagina and become 
infected, and is often associated with an ectopic ureter 
that is blind ending at its proximal extent or connected 
to a rudimentary kidney.°*>+ When not evident on 
examination, the diagnosis of an obstructing ureterocele 
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Figure 40.16 (a) Typical presentation of a cecoureterocele. (b) The cecoureterocele is pushed upward, revealing the 
hymenal ring below. (c) The urethra can be seen above the ureterocele. This ureterocele has a natural pink 
coloration that distinguishes it from a periurethral Skene’s duct cyst, which is yellow-white and mucus-filled. 


(or other urethral obstruction) is suggested by the his- 
tory of a weak or intermittent stream. 

More commonly, ureteroceles cause unilateral 
hydronephrosis from ureteral blockage. In severe 
cases, an abdominal mass becomes palpable. Patients 


not detected antenatally typically present with UTIs 
(Figures 40.17 and 40.18). In one series of 58 cases, 
90% were identified before age 3 years, half of whom 
presented with UTIs.!° Non-specific symptoms of 
failure to thrive and colic also occur. 


Figure 40.17 A ureterocele in a 3-month-old girl admit- 
ted with urinary tract infection. (a) Hydronephrosis of 
left upper segment. (b) Bladder view clearly demon- 
strates the ureterocele projecting into the bladder. 
(c) Altered axis of the kidney on an excretory urogram 
suggests the left duplex ureter but does not demon- 
strate an anomaly as effectively as ultrasound, which is 
often the case in newborns and infants. 
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Figure 40.18 Gross pus from the vagina of an infant 
with an ectopic ureter. 


Flank pain, fever, and abdominal mass are common 
presentations of ectopic ureters left undetected until a 
later age. Ureteroceles can cause irritative voiding 
symptoms by obstruction or infection but voiding 
abnormalities accompany ectopic ureters far more 
commonly. In addition, the distal segment of ectopic 
ureters inserting at the verumontanum can elevate the 
bladder neck, causing outlet obstruction in boys of 
any age.56 It is important to remember that ectopic 
ureters always insert proximal to the urinary sphincter 
in males. As a result, incontinence does not usually 
occur in boys with the anomaly. Bilateral single 
ectopic ureters, associated with bladder neck malde- 
velopment and lack of sphincter control, are one 
exception (see below). Another is the frequency and 
urgency that sometimes results from the trickle of 
urine into the posterior urethra.4” However, the more 
usual proximal insertions into structures of wolffian 
origin (seminal vesical, vas, epididymis) present their 
own problems, and ureteral ectopia should be sus- 


pected in any infant or child who presents with a cul- 
ture-proven case of bacterial epididymo-orchitis. 
Clinicians should also be wary of any girl who 
reportedly has never been fully toilet trained. These 
patients must be approached with an open mind, and 
the possibility of ureteral ectopia entertained, espe- 
cially when damp underwear is found on examina- 
tion. In many cases, a cadre of physicians has treated 
the patient for presumed bladder dysfunction or psy- 
chosocial problems. When the ureter exits along the 
urethra, the voiding pattern often includes bladder 
control and spontaneous emptying (from the other 
ureters having normal bladder insertion) followed by 
an uncontrollable loss of urine as the obstructed 
system vents secondarily (Figure 40.19). With vaginal 
ectopy, continuous wetting in a girl having an other- 
wise normal micturition pattern and control (in con- 
trast to bladder dysfunction) is a classic presentation”? 
(Figures 40.20 and 40.21). The degree of inconti- 
nence depends on the urinary output from the 
affected kidney. In some cases, small amounts of urine 
cause sporadic incontinence that occurs only while 
standing. The latter is commonly mistaken for vaginal 
voiding or stress incontinence. Table 40.3 summa- 


Table 40.3 Clinical presentations 


Gender Features 

Ectopic ureters 

Both Acute or recurrent urinary 
infection 


Abdominal mass/pain 
Failure to thrive 
Continuous dampness with 
otherwise normal voiding 
pattern after toilet training 
Vaginal discharge 

Orifice evident along the 
urethrovaginal septum 
Epididymo-orchitis 
Urgency and frequency 
Constipation, pelvic pain, 
painful ejaculation, 
epididymitis 


Females 


Males 


Ureteroceles 

Both Acute or recurrent urinary tract 
infections 

Hematuria 

Failure to thrive, abdominal or 
pelvic pain 

Abdominal mass 

Prolapsed interlabial mass 
Bladder outlet obstruction 
Bladder outlet obstruction 


Females 


Males 
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Figure 40.19 Ectopic ureter in a 7-year-old-girl with 
incontinence. (a) Ultrasound provides useful screening 
of such patients and often makes the diagnosis. Shown 
here is the dilated upper ureter with duplex kidney. 
Lower pole differentiation is preserved. (b) Close phys- 
ical examination revealed pinpoint opening (cannu- 
lated with a feeding tube). (c) Retrograde study of the 
ectopic ureter. (d) At exploration, the megaureter is 
shown entering the cap of the cystic dysplastic upper 
pole moiety. 


rizes the clinical manifestations of these two ureteral 
anomalies. 

Both anomalies sometimes remain undetected until 
adulthood.*®? Ectopic ureters in girls that pass 
through the urinary sphincter but are positioned 
proximal to the meatus can maintain continence 
during development. Multiparity can unmask the 
anomaly, which is often mistaken for stress inconti- 
nence. With cases of ectopic ureters that terminate in 
the male genital tract, prostatitis, seminal vesiculitis, 
and epididymitis can all occur. Most do not become 
apparent until the onset of sexual activity. Histori- 
cally, single-system ureteroceles usually presented 
during adulthood. An intravesical location, coupled 
with preserved renal function, allows most to go 
unnoticed until later age (Figure 40.22). This 
accounted for their prior designation as ‘adult type’, a 
label since dropped with the advent of antenatal diag- 
nosis. Common presentations still include stones, 
milk of calcium, and recurrent UTIs. 
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Fig 40.20 Urinary incontinence in a teenage girl felt to 
have bladder dysfunction. (a) Some views of the right 
kidney by ultrasound look fairly benign. (6) More prox- 
imal views are revealing and show a superiorly posi- 
tioned cystic mass. (c) Pelvic views demonstrate the 
ureter entering the vagina. (d) Excretory urography 
shows the duplicated right kidney, with evidence of 
function of the upper pole. (e) Retrograde study of the 
ectopic ureter. 
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Figure 40.21 Ectopic ureter in a 4-year-old girl with 
incontinence, demonstrated by excretory urograms. 
(a) Duplication on the right. (b) Pooling of contrast into 
the vagina from the ectopic ureter. 


Figure 40.22 Single-system intravesical ureterocele 
presenting as a urinary tract infection in a 16-year-old. 
If the impressive dilatation above the small ureterocele 
represents a progressive change, questions are raised 
about the natural history of the anomaly and the valid- 
ity of the expectant treatment of antenatally diagnosed 
ureteroceles. 


Evaluation and diagnosis 


Ectopic ureters and ureteroceles present diagnostic 
dilemmas when it is difficult to determine from which 
renal moiety they arise. They can also mimic one 
another at the bladder level, which has implications 
for treatment. A sonogram (also called ultrasonogra- 
phy, ultrasound, or US) and voiding cystourethrogra- 
phy (VCUG) are indicated in the initial evaluation of 
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any child suspected of having a ureteral anomaly. 
Once detected, a functional test (radionuclide renal 
scan) becomes necessary to the decision-making 
process when considering the different options in 
management. Additional studies — e.g. excretory 
urography (EU) and computed tomography (CT) - 
are also sometimes necessary. Cystoscopy, sometimes 
in concert with retrograde ureteropyelography 
(RUP), completes the evaluation. 


Ultrasonography 


During initial screening, the differentiation of single 
from duplex systems is usually possible by ultrasound 
evaluation. The renal manifestations of ureteroceles 
and ectopic ureters can be identical. Variable degrees 
of hydronephrosis of the affected kidney or upper pole 
moiety depend on the severity of ureteral obstruction 
(Figure 40.23). Hyperechoic parenchyma is sugges- 


Figure 40.23 Variable appearance of hydronephrosis 
with duplications. (a) Subtle suggestion of obstructed 
duplication (arrow) of the upper pole in a 10-year-old 
girl with persistent urinary incontinence. (b) Dilated 
ureter shown behind bladder (U). Urethral ectopy was 
found to be the cause of wetness. (c) Second adoles- 
cent girl with similar presentation and vaginal ureteral 
ectopy. Ultrasound shows markedly dilated upper pole 
moiety (UP) of the left kidney. (d) Transverse view of 
bladder shows impingement by dilated ureter and 
pseudoureterocele appearance (*). (e) Renal scintigra- 
phy shows deviated axis of the left lower pole and no 
function of the upper pole. 
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tive of dysplasia. With duplication, the adjacent lower 
pole moiety can also be hydronephrotic. Reflux 
(because of lateral ectopia) or obstruction caused by 
the dilated upper pole ureter must be considered. 
Hydronephrosis of the lower pole moiety and con- 
tralateral kidney can also result from bladder outlet 
obstruction or direct compression by a ureterocele. 
Ultrasonography should always include a survey of 
the bladder, where the two anomalies can often be 
differentiated. Ultrasound is probably the best study 
for making the diagnosis of ureteroceles, which usu- 
ally appear as thin-walled cystic protrusions from the 
posterolateral side of the bladder (Figure 40.24). The 
ureter can then be followed proximally into the bony 
pelvis and, in some cases, up to the kidney.°!? The 
degree of bladder fullness, however, can reduce the 
sensitivity of the study. Overdistention causes some 


ureteroceles to collapse, whereas an empty bladder 
can allow a large ureterocele to completely fill the 
bladder. This gives the impression of a partially full 
but normal bladder. Ectopic ureters will sometimes 
displace the bladder and mimic a ureterocele, result- 
ing in a so-called pseudoureterocele®* (Figures 40.25 
and 40.26) The muscle wall of the bladder gives a 
thicker line of demarcation between its lumen and 
that of an ectopic ureter than the thin wall of a urete- 
rocele. More typically, the dilated ectopic ureter will 
taper and terminate into an abnormally inferior posi- 
tion beneath the bladder base. Occasionally, the 
ureter associated with either anomaly is so tortuous 
and dilated that it mimics a cystic abdominal mass 
with multiple septae. 

Rarely, these ureteral abnormalities do not result in 
dilatation of the renal moieties they subserve. Instead, 


Figure 40.24 Antenatally diagnosed ureterocele in a 
newborn girl. (a) Ultrasonogram shows hydronephro- 
sis of both segments of the right kidney, strongly sug- 
gesting a ureterocele. (6) Intravesical ureterocele (U) 
shown on sagittal view of the pelvis. (c) Reflux into the 
lower pole ureter on the right as cause of 
hydronephrosis. (d) Ultrasonic appearance of a small, 
intravesical, single-system ureterocele in a different 
patient (arrow). 


610 Clinical pediatric urology 


Figure 40.25 Pseudoureterocele appearance of ureter 
ectopic to the vagina. Ultrasonography in a newborn 
female with antenatally diagnosed hydronephrosis. (a) 
Upper pole hydronephrosis (*) with preservation of the 
lower pole parenchyma. (b) Sagittal view of the ureter 
in the pelvis behind the bladder. (c) Pseudoureterocele 
mimicking a ureterocele on transverse view. Differenti- 
ation can usually be made at cystoscopy. Incision is to 
be avoided with indeterminant cases (U = ureter). 


TRAN 
BLADDER 


Figure 40.26 Ultrasonic evaluation of antenatally diagnosed hydronephrosis in a newborn girl. (a) Markedly 
hydronephrotic upper pole moiety surrounded by virtually no parenchyma (*). (6) More typical appearance of 
ectopic ureter (U) en route to the vagina, where the detrusor separating bladder lumen from the ureter is well devel- 
oped. 
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the kidneys associated with single-system anomalies 
are sometimes small and abnormally positioned, 
making them difficult to localize (ureterocele dispro- 
portion)® (Figure 40.27). In similar fashion, the 
upper pole variants accompanying duplex variants can 
be tiny dysplastic remnants crowning otherwise 
normal kidneys. In both instances, a dilated ureter or 
ureterocele is still often visualized at the level of the 
bladder. Additional diagnostics become necessary to 
define the anatomy more fully. 


Voiding cystourethrography 


Infant feeding tubes are used to perform this test. 
These allow for spontaneous voiding and avoid any 
confusion or distortion offered by the balloons of Foley 
catheters. Ureteroceles appear as smooth, broad-based 
filling defects positioned near the trigone. Some urete- 


Figure 40.27 Gross example of ureterocele dispropor- 
tion. Remant dysplastic cap of tissue as shown are typ- 
ically associated with massively dilated ureteroceles 
and ectopic ureters whose renal moiety cannot be 
appreciated diagnostically. 


roceles evert into the ureter with the bladder full and 
appear as a diverticulum.® This is especially true of 
single-system ureteroceles, where mimics of peri- 
ureteral diverticula were seen in nearly one-half of 
VCUG in one series. Other ureteroceles efface during 
the latter stages of bladder filling and cannot be appre- 
ciated. Obtaining early images during the filling phase 
avoids these problems. An eccentric position may help 
define the involved side, although many ureteroceles 
appear centrally located. When laterality cannot be 
determined and cystoscopy is inconclusive, a cyst punc- 
ture with retrograde injection may become necessary. 
The presence of VUR plays an important role in 
the management of ureteroceles. Reflux can occur 
into the ipsilateral lower pole, since the backing 
required of an effective flap valve is presumably lost 
with the posteriorly positioned ureterocele (Figure 
40.28). Lateral ectopia, trigonal distortion, and ever- 


Figure 40.28 Massive reflux into the lower pole ureter. 
An element of obstruction from the significantly 
enlarged ureterocele can also contribute to the dilata- 
tion. 
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Figure 40.29 Reflux into the ureterocele and upper 
pole system of the left kidney. 


sion of the ureterocele can also contribute. At times, 
the ipsilateral reflux is severe enough that the uretero- 
cele and its duplex kidney are not detected until the 
time of surgery.°” Reflux is also seen in the contralat- 
eral system if the anomaly is large enough to distort 
the trigone and opposing submucosal ureteral tunnel. 
In one series of 148 ureteroceles, ipsilateral VUR was 
seen in 80 (54%), whereas contralateral VUR was 
appreciated in 28%.°8 Smaller series have docu- 
mented similar incidences.©””° Reflux into the urete- 
rocele itself is uncommon but can also occur (Figure 
40.29). 

VUR is also a common finding with ectopic ureters 
(Figure 40.30). The ipsilateral lower pole ureter 
refluxes in at least 50% of cases. Upper pole VUR can 
also be appreciated, depending on the position of the 
ectopic orifice. Ectopic ureters whose distal extent is 
positioned within the bladder neck can both reflux and 
obstruct. Obstruction is intermittent and emptying 
occurs during voiding, in concert with relaxation of 


Figure 40.30 Vesicoureteral reflux associated with 
ectopic ureter to the urethra. (a) Duplex right kidney 
with hydronephrotic upper pole. (b) Ectopic ureter 
behind the bladder could be confused with a uretero- 
cele. (c) Voiding cystourethrogram shows reflux into 
duplicated ureters on the left and lower pole on the 
right. 
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Figure 40.31 Examples of characteristic lateral and downward displacement of lower segment when the function- 
less upper pole is dilated. (a) Functionless upper left segment. (b) Poorly functioning upper right segment and func- 
tionless upper left segment. (c) Functionless upper right segment and displacement of the lower segment. (d) Reflux 
into displaced lower pole segment of the left kidney. (e) Minimally functioning upper left segment simulating mass 
effect of the upper pole. 
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the surrounding musculature. Reflux occurs once the 
ureter is somewhat emptied. This phenomenon may 
only be appreciated by performing cyclic (repeated) 
voiding studies.”! Orifices proximal to the bladder 
neck can reflux freely with or without voiding. 


Excretory urography 


Despite its declining role in the routine evaluation of 
children with UTIs, excretory urography remains a 
useful tool in the work-up of certain ureteral anom- 
alies (Figures 40.31 and 40.32). This is occasionally 
the case with ureteroceles, when the anatomy is unde- 
finable with ultrasound and renal scintigraphy alone, 
and is especially true of ectopic ureters. Some clini- 
cians remain steadfast in their belief that EU remains 


the definitive diagnostic study for the latter. For girls 
with infrasphincteric ectopia, who arrive with the 
classic history of constant urinary dribbling despite 
being successfully toilet-trained, EU is often the only 
imaging study necessary to make the diagnosis.’? 
(Figures 40.33 and 40.34). Radiographic signs of the 
non-functioning, occult duplications found with 
ectopic ureters are shown in Table 40.4. 

Ureteroceles with minimally functioning upper 
pole moieties can cause identical upper tract findings. 
The ureterocele appears as a filling defect within the 
bladder that gradually fills with contrast from the 
other functioning kidney. When ureteroceles are asso- 
ciated with a functioning kidney, they appear as a 
contrast-filled ‘cobra head’ at the ureterovesical junc- 
tion. 


Figure 40.32 Appearance of lower pole pelvis when the upper pole is functionless and non-dilated. (a) Functionless 
upper right segment. The caliceal system of the lower segment is smaller but relatively normal. (6) Functionless 
upper pole on left, with decreased number of calices of the lower segment. (c) Functionless upper left segment, with 
apparent increase in renal substance of upper pole. The presence of a duplication of the contralateral kidney is often 
a key to diagnosis. (d) Functionless upper right segment, with apparent increase in renal thickness on the medial 
side of the upper pole. 
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Figure 40.33 Utility of excretory urography. Studies in a 13-year-old girl with continuous wetting were strongly sug- 
gestive of an ectopic ureter. Sonograms for the past 7 years read as normal. (a) Initial ultrasound at 6 years old sug- 
gests mild upper pole dilatation. (6) Current ultrasound is essentially unremarkable. Retrieval and review of early 
excretory urogram confirms the clinical impression. (c) Note the deviated axis of the right kidney and ureteral dis- 
placement on early sequence of excretory urogram. (d) A later film shows delayed uptake of contrast in the upper 
pole (arrow). 
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Figure 40.34 An infant boy with urinary tract infection. 
The role of excretory urography. (a) Ultrasonogram ini- 
tially felt to represent single-system hydronephrotic 
right kidney. (b) Pelvic sonogram demonstrates a 
markedly dilated right ureter behind the bladder. 
(c) Excretory urography shows displaced lower pole of 
the right kidney. 


Table 40.4 Excretory urography: findings suggesting occult duplex kidney with ectopic ureter 


Finding Features 


‘Drooping lily sign’ Inferior and lateral displacement of lower pole by minimally or 
non-functioning upper pole. Delayed films may show function, but 
most are ‘silent’. Axes of the kidneys should normally cross the 
body of the 10th thoracic vertebra 


Lateral displacement of lower pole ureter Compared with contralateral ureter, differences in the distance 
from an adjacent vertebral pedicle 


‘Missing calyx’ Incomplete compliment of calices with absence of system draining 
upper pole. A shortened or cut-off infundibulum to the upper pole 
calyx, which is normally the longest 


More upper pole parenchyma than 
expected with increased renal length 


Duplex kidney on the contralateral side 


Dilated, ectopic ureter appreciated on 
postvoid film 
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Renal scintigraphy 


Radionuclide scans help to quantify the amount of 
functioning renal parenchyma. This is crucial informa- 
tion when renal salvage is being considered. The 
degree of obstruction is also assessed, although most 
ectopic ureters and ureteroceles, by default, exhibit 
delayed drainage because of ureteral dilatation. Tech- 
netium 99m (9™Tc) diethylenetriamine penta-acetic 
acid (DTPA) and mercaptoacetyltriglycine (MAG3) 
scans provide reasonable assessments of function and 
obstruction. Since °?™Tc dimercaptosuccinic acid 
(DMSA) scans result in renal tubular labeling and are 
unaffected by obstruction, they are more sensitive to 
low levels of renal function and are sometimes helpful 
in detecting occult duplex anomalies and small kidneys 
associated with ureteral anomalies that are not identi- 
fied by other techniques,’”*”* DMSA scintigraphy can 
also detect subclinical cortical defects and functional 
impairment in lower pole moieties that show no ultra- 
sonic evidence of parenchymal damage.” 

Some clinicians believe that the transitional physi- 
ology of the newborn may affect the perinatal 
kidney’s handling of radionuclides and contrast. This 
could contribute to the lower yield of functioning kid- 
neys in historical series when EU was obtained in 
newborns and provided the measure of function. It 
could also result in overestimates of the recovery of 
function after procedures done to alleviate obstructed 
newborn kidneys, when early scans are compared 
with studies performed when the physiology is more 
conducive to scanning. As a consequence, scans per- 
formed early after delivery may not provide an accu- 
rate assessment of renal function and should probably 
be deferred for 4—6 weeks after delivery to allow for 
some maturation of renal function. 


Other diagnostic modalities 


CT scans may help define the anatomy of kidneys 
with collecting systems of bizarre appearance. Dupli- 
cations in which both ureters and renal pelves are 
dilated are one example. CT can also be considered 
for patients suspected of having ureteral ectopia or 
ureterocele disproportion but whose poorly function- 
ing renal moiety cannot be defined by other modali- 
ties’®77 (Figure 40.35). Magnetic resonance imaging 
(MRI) is becoming increasingly useful in cases where 
conventional imaging studies fail to delineate occult 
dysplastic renal moieties, ectopic ureters, and uretero- 
celes.78:79 Respiratory gated excretory and static fluid 
MR urography appear to complement each other well 
in evaluating such systems.8 Percutaneous drainage 


Figure 40.35 Computed tomography in a female tod- 
dler with abdominal pain and palpable mass. (a) 
Markedly dilated ureter displacing the right kidney 
associated with duplication. (6) The ureter is shown 
behind the bladder. 


can also be used to vent obstructed kidneys or renal 
segments that appear salvageable by ultrasound but 
function poorly. However, recoverability of function 
is rare when renal scintigraphy demonstrates little 
function. 

A variety of dye tests have been used clinically to 
diagnose ectopic ureters. For example, indigo 
carmine or methylene blue can be instilled in the blad- 
der with a catheter, which is then removed. Contin- 
ued evidence of dampness and leakage of clear urine 
implicates ureteral ectopia. Another test involves plac- 
ing a dental roll in the vagina. After indigo carmine is 
given intravenously, the roll will appear blue, pro- 
vided there is some function in the affected kidney 
and the child has not stained the roll by spontaneously 
voiding. The relative invasiveness of such tests, cou- 
pled with the increased sensitivities of today’s diag- 
nostics, has reduced their utility in most cases. 
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Cystoscopy 


Examples of the cystoscopic appearance of ureteroce- 
les are shown in Figure 40.47. With smaller intraves- 
ical ureteroceles, the cystic dilatation expands with 
each peristalsis, then shrinks as urine drains through 
its orifice. Not all variants are as easy to appreciate, 
however. Extravesical variants have ill-defined borders 
that can undermine the bladder neck and urethra. If 
the bladder is overfilled, they efface and can even 
appear to be a diverticulum. The orifice of the urete- 
rocele may be difficult to appreciate but is often posi- 
tioned distal to the bladder neck and, with 
cecoureterocele and sphincteric variants, will balloon 
open with the efflux of irrigant. With larger uretero- 
celes, the adjacent ureteral orifices are also difficult to 
appreciate because of displacement. 

Cystoscopy is less helpful for ectopic ureters. The 
ectopic orifice cannot be appreciated in more than half 
of cases. Bladder neck and urethral ectopy offer a higher 
yield. Prostatic ectopy sometimes presents as a widened 
ejaculatory duct that allows easy retrograde study.*° 
Examining the vaginal vault along its anterior/lateral 
aspect for GYN-ectopy is less fruitful. In rare cases, a 
small cystic structure is identified that can be unroofed 
and cannulated for retrograde study.*! Intravenous 
indigo carmine is sometimes excreted by even mini- 
mally functioning kidneys and can aid in identification. 
Within the bladder, the hemitrigone on the affected side 
is often underdeveloped and may be elevated from 
behind by the dilated ureter. In some cases, the dilated 
ureter can be palpated on rectal examination. Failure to 
identify the ectopic orifice rarely changes management. 
In cases where a lower tract approach is planned, the 
ectopic ureter can be identified outside the bladder or 
transvesically after incising the trigone on the affected 
side (see Management, below). 


Management considerations 


Once the work-up is complete and the diagnosis 
made, the management of ectopic ureters and urete- 
roceles is defined by the answers to the following 
questions: 


1 Is the affected ureter(s) a singlet or portion of a 
duplex system? 

2 Is the affected ureter(s) obstructed, refluxing, or 
both? 

3 Are the contralateral and/or ipsilateral ureter(s) 
and/or the bladder affected by the primary anom- 
aly? 


4 What is the status of the kidney or portion of 
kidney associated with the ureter(s) in question? 
5 What is the age and clinical status of the patient? 


A description of the experience with various tech- 
niques and their technical nuances follows. Simply 
put, the algorithms in management of these two 
anomalies historically branched with two main deci- 
sions: whether to save or discard the involved kidney 
and whether or not there is a need to reconstruct the 
bladder. These remain the mainstays of management 
for ectopic ureters. 

The recommendations for ureteroceles have 
become controversial, however, with the inclusion in 
the treatment armamentarium of selective puncture. 
A minimally invasive and seemingly simple solution, 
the benefits of cystoscopically decompressing uretero- 
celes must be weighed against the risks of creating 
reflux in the involved ureter. 

Until recently, the two main areas of contention 
with ureteroceles dealt with the salvage of functioning 
upper pole moieties and the need, if any, for removal 
of ureteroceles subtending upper pole segments after 
heminephrectomy or proximal ureteral diversion 
(ureteroureterostomy or ureteropyelostomy) caused 
by their collapse (Figure 40.36). The introduction of 
selective puncture offers the obvious third contro- 
versy of which ureteroceles to decompress. The 
answers to these questions continue to be modified by 
contemporary clinical studies. 

A ‘cookbook approach’ should be avoided when 
composing algorithms for the management of any 
urinary abnormality. Each patient requires individual- 
ized treatment, since there is often no uniform solu- 
tion to every urologic anomaly. Nevertheless, trends 
become apparent in reviewing the literature that allow 
certain recommendations to be applied to most cases, 
which give the highest likelihood of a favorable out- 


come. 


Recommendations for management 
Ectopic ureters 
Single system — minimal or non-functioning kidney 


Most kidneys (90%) that accompany single-system 
ectopic ureters do not function appreciably. Nephrec- 
tomy is the treatment of choice. In some cases, the 
question of renal salvage is raised by the appearance 
of marginal function on nuclear scintigraphy. How 
much function is enough to warrant ureteral recon- 
struction rather than ablation of its associated kidney? 
Nephrectomy is indicated when the creatinine clear- 
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(d) 


Figure 40.36 Antenatally diagnosed ureterocele in a newborn girl. (a) The sonogram shows a dilated upper pole 
segment of the duplex left kidney. (b) Pelvic view of the ureterocele projecting within the bladder. (c) Cystogram 
demonstrates reflux into the contralateral duplex ureters and lower pole ureter on the left. (d) Renal scan shows 
preservation of function and hydronephrosis of the left upper pole moiety. 
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ance provided by the affected kidney, if it were iso- 
lated, would not eliminate the need for dialysis. Using 
percent function as a cut-off, like the commonly cited 
standard of 10 or 15%, may have little meaning, espe- 
cially if the contralateral kidney also exhibits impaired 
function. In addition, kidneys that function margin- 
ally in infancy sometimes assume a progressively 
smaller portion of overall renal function with interval 
growth of the affected child. An intrinsic develop- 
mental insult and/or the rules governing renal hyper- 
trophy, where healthy kidneys do not relinquish the 
additional renal function they are asked to assume, 
can be implicated when this occurs. 

One area of controversy for some ectopic ureters 
involves the management of the lower ureteral seg- 
ment. In cases of wolffian or GYN-ectopy, where an 
element of obstruction is the rule, the lower ureter need 
not be removed. Once decompressed, ascending infec- 
tions of these dry, isolated segments are uncommon 
and the need for secondary ureterectomies after subto- 
tal ureterectomy is rare. The obstructed ureters found 
with GU-ectopy typically enter the bladder neck or ure- 
thra. These can also remain, although a small number 
will predispose to recurrent urinary infections that ulti- 
mately necessitate their removal. It may be that such 
systems begin to reflux after the outflow of urine ceases 
from above (see Voiding cystourethrography, above). 

Refluxing lower ureters have typically been 
removed in concert with nephrectomy. An extravesi- 
cal approach through a second lower transverse 
muscle-splitting (Gibson) incision adds little addi- 
tional morbidity. However, the necessity for a simul- 
taneous approach for these variants has been 
questioned. In a study by Plaire et al,®! secondary 
surgery for removal of the distal ureter was required 
in only 4 of 38 such patients. Subsequent series have 
drawn similar conclusions. Long ureteric stumps or 
those in patients with dysfunctional voiding appear to 
pose the most risk.8? In cases where a ureteral stump 
is left, be it refluxing or obstructed, it should be taken 
as distal as possible, ligated with absorbable sutures, 
and urine should be aspirated from its distal end. Uri- 
nary fistulas have occurred when presumably 
obstructed ureteral stumps have been left open and 
unappreciated reflux commences. 


Duplex system — minimal or non-functioning upper 
pole 


Heminephrectomy is recommended for the affected 
upper pole.83 The case made for salvage is similar to 
that in singlets and depends on relative function. 


Developmentally, the upper ‘half of a normal duplex 
kidney typically contributes only one-third of that 
kidney’s glomeruli, or, at most, 16% of overall renal 
function. The lack of an optimal inductive influence 
during fetal development combined with an element 
of obstruction significantly reduces the contribution 
of most upper pole moieties drained by ectopic 
ureters. As in single systems, a subtotal ureterectomy 
is usually sufficient, taking the ectopic ureter as far 
distal as possible through a flank incision. When there 
is reflux into the upper pole and concerns about the 
ureteral stump persist, it can be removed through a 
second incision. 


Single system — salvageable function 


Reimplantation of the affected ureter is the treatment 
of choice. It helps to initially identify the ureter out- 
side the bladder, especially when the insertion of the 
ectopic meatus cannot be localized cystoscopically. 
Once the ureter is mobilized, a transvesical or an 
extravesical approach to ureteroneocystostomy can be 
successfully applied. The distal-most segment that 
enters the bladder neck/urethra should be disregarded 
with these and other ectopic ureters. The tedious dis- 
section required for their removal risks damaging the 
urinary sphincter complex. Ureteral tailoring is often 
necessary and can be done using any one of a variety 
of techniques (see Chapter 39 Megaureters). 


Duplex system — salvageable function 


In cases where the upper pole is obstructed, yet pro- 
vides salvageable function, its ureter can be anasto- 
mosed to the adjacent lower pole renal pelvis 
(ureteropyelostomy) or ureter (ureteroureterostomy). 
The lower ureteral segment can be mobilized to the 
pelvic brim and excised, and the remainder left alone. 
Concerns about discrepancy in size between the 
ectopic and recipient ureter are usually unfounded.*4 
These operations are usually no more challenging 
than the dismembered pyeloplasties required of 
infants with ureteropelvic junction (UPJ) obstruc- 
tions. Rates of success should be similar. When tech- 
nical concerns persist or if the upper pole moiety 
exhibits signs of cystic dysplasia, a heminephrectomy 
is recommended. Visualization of the upper pole 
moiety in assessment of dysplasia is one advantage of 
this approach. Renal sparing surgeries could probably 
be utilized more frequently in this setting. In one 
study, normal histology was found in 57% of upper 
pole heminephrectomy specimens removed from 
ectopic ureters.°% 
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Figure 40.37 Newborn male with large, single-system ureterocele on the right side. (a) Excretory urogram shows 
poor visualization of the right collecting system and hydronephrosis of the left. (6) Cystogram shows a large urete- 
rocele filling the bladder and extending through the bladder neck. (c) At surgery, the grossly dysplastic 
hydronephrotic kidney was removed and extravesical dissection of the ureterocele was completed. (d) A postoper- 
ative excretory urogram shows significant improvement of the left-sided hydronephrosis and collapse of the urete- 
rocele. 


Another option for obstructed systems is to 
approach the duplication from below. When reflux is 
present into one or both ureters, a common sheath 
ureteral reimplantation is the preferred method of 
treatment.* The repair can be technically challenging, 
especially in smaller infants. Tailoring of the upper 


pole ureter usually becomes necessary to achieve the 
desired length/diameter ratio required of successful 
ureteroneocystostomy. Revisions are made along the 
length of ureter opposite the common wall where vas- 
cularity is shared by the duplication. When folding 


techniques cause excessive bulk with larger ureters, 
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excisional tapering is preferred. A psoas hitch is some- 
times necessary to gain additional length for the reim- 
plantation. Another option for duplications with an 
obstructed upper pole ureter and refluxing lower pole 
ureter is to perform a proximal diversion of the upper 
pole ureter (ureteropyelostomy), discard its remain- 
der, and reimplant the lower pole ureter alone. 
Although two incisions are required for this approach, 
it avoids the problems that accompany ureteroneocys- 
totomy of duplex ureters, where one or both may be 


dilated. 


Ureteroceles 
Single system — minimal or non-functioning kidney 


Nephrectomy is the treatment of choice. Ordinarily, 
the ureterocele remains collapsed after aspiration and 
any element of obstruction to the bladder neck or 
contralateral ureter resolves (Figure 40.37). The latter 
may unmask reflux into the contralateral, now soli- 
tary, kidney. With larger ureteroceles a significant 
reservoir for lower UTIs remains, despite their 
decompression. Although not well defined in the lit- 
erature, some of these eventually require secondary 
surgery for their removal. Cystoscopic evidence of the 
open meatus typically accompanying sphincteric or 
cecoureteroceles may identify those variants particu- 
larly at risk for future problems. Simultaneous exci- 
sion of the ureterocele with bladder reconstruction is 
not unreasonable, if the age of the patient permits. 
Otherwise, the patient can be followed medically after 
nephrectomy and repair of the bladder deferred to a 
later age, if indicated. 

Whether antenatal diagnosis alters the long-term 
implications of such anomalies is unclear. A non- 
operative approach has been taken in a small group of 
infants whose ureteroceles subtended multicystic dys- 
plastic kidneys. In limited follow-up, the ureterocele 
collapsed or remained stable in each case, whereas 
affected kidneys uniformly involuted. None required 
surgery. !8 

Selective cystoscopic puncture is not an option for 
obstructed ureteroceles associated with a non-func- 
tioning kidney. This risks converting the anomaly 
from one that can be potentially addressed solely from 
above to one requiring another incision to correct a 
refluxing ureterocele. Non-selective cystoscopic 
‘unroofing’, as advocated by Tank,®° remains an 
option for decompressing obstructed ureteroceles in 
children who are extremely ill and unable to tolerate 
open surgery. Interestingly, 50% of renal moieties 
that showed no function on EU subsequently demon- 


strated excretion of contrast after their decompres- 
sion. These data suggest that some kidneys may 
recover function after being vented, but may also 
point to the shortcomings of EU compared with 
radionuclide studies in infants with obstructed kid- 
neys. Reflux is an expected sequela of this predecessor 
of selective puncture.®” Decompression can also be 
achieved with percutaneous drainage, which is the 
current preferred method of temporizing until the 
ureterocele can be definitively addressed.88 


Single system — functioning kidney 


The experience with selective incisions and puncture 
of these ureterocele variants has been encouraging 
enough that it should be considered the procedure of 
choice®®? (Figure 40.38). In one series, for example, 
endoscopic decompression was successful in 22 of 25 
patients (88%) with single-system intravesical urete- 
roceles.2° Reflux tends to appear into larger uretero- 
celes whose detrusor defects result in very little 
backing to the anomaly. Ureterocele excision, ureteral 
reimplantation, and correction of any detrusor defects 
usually become necessary when reflux appears, 
although a trial of medical management, similar to 
that used with primary VUR, can be reasonable, espe- 
cially in younger children. 


Duplex system — minimal or non-functioning 
upper pole 


An upper pole heminephrectomy is indicated but may 
not finalize the problem (Figures 40.39 and 40.40). 
This upper tract approach effectively decompresses 
the ureterocele, potentially restores trigonal anatomy, 
and may be the only treatment needed for some 
patients.?!,°? In the series reported by Caldamone et 
al,!5 seven of 36 patients (19%) ultimately required 
secondary procedures for persistent reflux (three 
patients) or bladder outlet obstruction (four 
patients). VUR appeared in 10 cases after decom- 
pression, where none was present beforehand. The 
reflux resolved in three patients. Long-term outcomes 
into adulthood are unavailable in the literature. Other 
clinicians report similar rates (about 20%) of persis- 
tent reflux into ipsilateral lower pole or contralateral 
ureters after heminephrectomy alone.**:”? In another 
series of 19 patients reported by Scherz et al,°4 9 
patients (47%) required intravesical surgery for uri- 
nary infection or reflux (Figure 40.41). 

These types of data have led some clinicians to 
advocate a combined approach where heminephrec- 
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tomy, ureterocele excision, and ureteral reimplanta- 
tion are completed with one surgery.*4 The need 
for secondary surgeries is far less common with the 
combined approach. For example, only 14% of 
patients in the Scherz series” required reoperations 
for persistent reflux after the combined approach. To 
its detriment, ureterocele excision and duplex ureteral 
reimplantation can present a technical tour-de-force 
in smaller infants. In addition, intravesical repairs are 
unnecessary in perhaps half of these patients. The 
characteristics of ureteroceles that ultimately require 
excision and bladder reconstruction remain to be fully 
defined. Such selection criteria would help identify 
patients whose problem would be best finalized by 


Figure 40.38 (a) Single-system 
intravesical ureterocele causing 
significant hydroureteronephrosis 
of the left collecting system. (b) 
After incision, a marked improve- 
ment in the degree of dilatation is 
seen. No reflux was present before 
or after surgery. (c) A similar vari- 
ant with hydronephrosis of the left 
kidney treated with selective inci- 
sion. (d) Significant improvement 
is shown after surgery. (e) Voiding 
cystourethrogram is unremarkable. 


the upper tract approach alone and limit the com- 
bined approach to those that truly need it. 

The review by Husmann et al? has been revealing in 
this regard. Of 87 patients with a ureterocele and non- 
functioning upper pole treated by heminephrectomy, 
subtotal ureterectomy, and observation (initial upper 
tract alone approach), 54 (62%) required additional 
surgery to correct reflux. Notably, the need for addi- 
tional surgery was directly related to the number of 
renal moieties that originally had VUR present. When 
a ureterocele alone was present, 21 of 21 patients 
required no further surgery. If low-grade reflux (less 
than I/V) was present into only one ureter, eight of 
15 patients (53%) did well with the upper tract alone 
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Figure 40.39 (a) Preoperative view shows minimally functioning upper pole moiety of the right kidney. (b) Post- 
operative view shows decompression of the ureterocele and an essentially normal right kidney. 
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Figure 40.40 Extravesical ureterocele treated by heminephrectomy and subtotal ureterectomy. (a) Preoperative 
excretory urogram shows a left-sided anomaly and a markedly hydronephrotic lower pole. (b) Postoperative view. 
Preservation of function and appearance of remaining kidney are often surprisingly good. The ureterocele is fully 
decompressed. 
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Figure 40.41 (a) The stump of residual ureter and ureterocele remain after heminephrectomy. The patient presented 
with recurrent urinary infections. (6) Large ureterocele opened at surgery. 


approach. Finally, and most significantly, when high- 
grade reflux was seen in one ureter or reflux was asso- 
ciated with more than one moiety, regardless of grade, 
surgery became inevitable for 48 of 50 (96%) patients. 
A more recent review by DeFoor et al?” echoed similar 
findings. Ureteroceles that involve other renal seg- 
ments are more likely to require secondary surgery. 
Ureterocele prolapse is another finding that inevitably 
portends bladder reconstruction.*® In addition, the 
occasional ureterocele that itself refluxes at presentation 
will, by default, require a combined ‘up-and- down’ 
approach for management. 

Given these data, families and patients can be better 
informed as to the likelihood of needing lower uri- 
nary tract surgery if an upper tract approach is initially 
used. In addition, strong consideration can be given 
to a complete urinary tract reconstruction if the pre- 
operative work-up returns such ominous prognostica- 
tors and the patient’s size permits. Finally, and while 
it might seem an anathema to some, unroofing the 
ureterocele becomes an option in newborns and small 
infants who appear destined to require ‘up-and-down’ 
surgery regardless because of the ‘clinical staging’ of 
their anomaly. Eliminating obstruction significantly 
lessens the threat of urinary infections and decom- 
pression of the ureterocele simplifies the bladder 
repair (Figure 40.42). Most children can be effec- 
tively managed with antibiotic prophylaxis until they 
are old enough to have definitive reconstructive 
surgery. However, infections can still occur. In one 
series of 15 neonates with a ureterocele, eight devel- 
oped infections during the first few days of life, 


including three who were receiving prophylactic 
antibiotics. Assessment, with considerations to 
surgery, should be done at an early age to optimize 
the advantage given children whose anomalies have 
been discovered antenatally. 19° 

The report of Gran et all! 
tion to the long-term follow-up required of residual 
ureteroceles that remain after the upper tract alone 
approach has been used. Rather than remove a non- 
functioning moiety, reconstruction of its ureter and 
the bladder was successfully completed in 16 patients. 
No morbidity has yet (mean 5 years follow-up) been 
associated with the non-functioning kidneys that 


offers a different solu- 


remain. Detractors, concerned about preserving pos- 
sibly dysplastic tissue, will explain that families are 
now offered extended follow-up of such kidneys in 
exchange for that of the bladder. However, if parallels 
are drawn with the relative benefits of removing mul- 
ticystic dysplastic kidneys, the argument may ulti- 
mately prove to be a weak one. Future management 
may see many children with ureteroceles initially 
punctured and decompressed during the newborn 
period until they are old enough for bladder recon- 
struction, if reflux persists or appears, regardless of 
the status of their kidneys. 

Finally, on the far end of the spectrum, an expec- 
tant approach has been used with success in some 
children with a non-functioning upper pole moiety 
and a low-grade lower pole VUR. In a group of 52 
patients, whose anomalies were detected antenatally, 
14 (27%) have done well, with a median of 8 years of 
follow-up.!°? Each was kept on prophylactic antibi- 
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Figure 40.42 A newborn female with urinary tract 
infection needing a combined approach in the man- 
agement of a ureterocele. (a) Excretory urogram 
shows a large ureterocele filling the base of the blad- 
der, and a non-functioning upper pole of the right 
kidney. (6) Preoperative cystogram demonstrates ever- 
sion of the ureterocele forming a diverticulum, an indi- 
cation of a significant detrusor defect. No reflux was 
seen. (c) Postincision cystogram shows bilateral vesi- 
coureteral reflux but decompressed ureterocele. Hemi- 
nephrectomy and ureterocelectomy were deferred 
until 1 year of age, since the child remained infection 
free. 


otics until the completion of toilet training and none 
required surgery. These findings raise more questions 
than they answer. 


Duplex system — functioning upper pole 


Like their non-functioning partners, these conditions 
too can be addressed with an ‘upper tract alone’ 
approach. It should be remembered that upper pole 
duplications optimally contribute perhaps 16% of 
overall renal function. Because of this somewhat mar- 
ginal contribution, some clinicians recommend hemi- 
nephrectomies for the majority of duplications, 
whether they function or not. This avoids the poten- 
tial complications of the reconstruction, risks to the 
lower pole, and the unknown long-term implications 
of upper pole retention.*! The other option is salvage 
of the upper pole by creating a ureteropyelostomy or 
ureteroureterostomy in combination with a subtotal 
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ureterectomy. No study similar to that cited above for 
non-functioning duplications treated with an upper 
tract approach has been reported. Nevertheless, there 
is every reason to believe that the same risk factors for 
persistent reflux and recurrent urinary infections exist 
and result from the size and position of the uretero- 
cele and its implications for the trigone and adjacent 
ureters. With this in mind, the upper tract approach is 
usually reserved for ureteroceles presenting without 
reflux into the ipsilateral lower or contralateral ureters 
and should offer a high likelihood of success. 

In patients whose variants have associated VUR, it 
seems reasonable to address the majority solely at the 
bladder level, removing the ureterocele and correcting 
the reflux, and thus eliminating the need for secondary 


surgery. Such an approach is ideal for the older child 
whose bladder is large enough to allow a complex 
reconstruction with a high likelihood of success. The 
reality is, however, that the majority of ureteroceles are 
diagnosed antenatally. After birth, such babies remain 
at significant risk, as UTIs associated with obstruction 
are much more threatening to the child and kidney 
than those that occur with reflux alone. In addition, 
the affected kidney potentially incurs progressive 
damage because of distal ureteral obstruction. As a 
result, medical management with prophylactic antibi- 
otics should be considered a short-term approach 
rather than an extended panacea and may not allow for 
a sufficient enough interval of time until the bladder 
can be safely reconstructed. 


Figure 40.43 Selective incision of duplex system ureterocele with salvageable upper pole function. (a) Ultrasonic 
appearance in a newborn diagnosed antenatally. (b) Radionuclide scan shows function to upper pole and filling 
defect within the bladder. (c) Bladder defect during cystogram appears largely intravesical, which may have been a 
factor in success. (d) Postincision cystogram shows no evidence of reflux. Hydronephrosis had virtually resolved. 
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Figure 40.44 Risk of ureterocele incision. (a) Duplication of the left kidney associated with an extravesical uretero- 
cele seen on excretory urography. (b) After incision, the previously ‘obstructed’ system is converted to one that 


significantly refluxes into both ureters. 


As an alternative, endoscopic treatment provides an 
effective option for newborns and infants, particularly 
those who present with a significant UTI. Surgeons 
should hold realistic expectations for this approach, 
which rarely provides the final solution for these urete- 
roceles, even with selective incision. Instead, the 
maneuver should be considered a temporizing mea- 
sure used to vent the obstructed system. This increases 
the likelihood of success with medical management, 
thus allowing for additional growth of the child until 
a definitive bladder reconstruction can be completed 
(Figure 40.43). VUR persists or results in the major- 
ity of cases. For example, in one series, 18 of 21 (86%) 
patients with extravesical ureteroceles treated endo- 
scopically required additional surgery. By contrast, the 
results with intravesical variants were strikingly differ- 
ent, with 14 of 16 children successfully treated with 
incision alone.!9? In a larger series reported by Hus- 
mann et al,”? the performance of selective incision was 
also discouraging. Ectopic ureteroceles preoperatively 
associated with reflux into one or more moieties 
required further surgery for persistent reflux in 37 of 
44 (84%) cases. An identical reoperation rate occurred 
when heminephrectomy was used for similar variants. 


Notably, when VUR was not present prior to treat- 
ment, incision was more likely than heminephrectomy 
to result in the appearance of reflux (64% vs 15%). 
Based on this observation, it would appear that 
ureteropyelostomy or ureteroureterostomy is the 
treatment of choice when a salvageable duplex system 
is not accompanied by lower segment or contralateral 
reflux. Whereas success rates with endoscopic incision 
vary, its weaker performance with extravesical uretero- 
celes is repeatedly borne out in the literature?*? 
(Figures 40.44 and 40.45). 


Surgical techniques 


Although many of these techniques are described else- 
where, nuances of their application to the treatment 
of ectopic ureters and ureteroceles in children deserve 
comment. 


Ureterocele prolapse 


The prolapsed ureterocele is not the surgical emer- 
gency once supposed. Manual reduction is sometimes 
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Figure 40.45 (a) A large extravesical ureterocele shown during cystography. Both poles functioned and no reflux 
was seen. (b) Successful decompression seen by ultrasound but (c) reflux into upper pole moiety is documented on 


a postoperative cystogram. 


possible, but, because of the nature of the defect, pro- 
lapse is likely to recur. Heminephrectomy to decom- 
press the ureterocele is another option. However, 
because of the size of these defects, affected bladders 
will uniformly require secondary reconstructions as 
well. A simpler solution is to incise the ureterocele at 
the bedside with a disposable ophthalmic cautery unit. 
This technique is usually effective and serves the same 
purpose as cystoscopic incision. In occasional cases, 
the latter still becomes necessary to treat the intravesi- 
cal portions of a prolapsing ureterocele that will fail to 
decompress because of bladder neck obstruction. 


Selective cystoscopic incision 


The cystoscope is initially passed under vision to avoid 
traumatizing the ureterocele. For intravesical variants, a 
distally positioned puncture at the ureterocele’s medial 
base is usually sufficient to decompress the structure yet 


Figure 40.46 Endoscopic incision of the ureterocele 
with fine bugbee or wire at the medial base of the 
ureterocele. (Adapted from Rich et al.19) 
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Figure 40.47 (a) Cystoscopic appearance of an intravesical ureterocele. (b) Ureterocele is decompressed after inci- 
sion by fine bugbee (c) Extravesical ureterocele is seen occluding the bladder neck. (d) Wire is applied at the medial 
base with the intent of preserving the flap-valve effect. 


preserve enough submucosal length to maintain the 
characteristics required of an effective flap valve to 
avoid reflux!” (Figures 40.46 and 40.47). Cecourete- 
roceles and sphincteric ureteroceles can be unob- 
structed by vertically incising the meatus and extending 
it above the bladder neck (Figure 40.48). Cutting cur- 
rent is applied across a No. 3 Fr Bugbee electrode to 
provide a clean, full-thickness puncture of the uretero- 


cele wall. A laser incision can also be considered.}% 


Aggressive hydration and minimal instillation of irriga- 
tion helps keep the ureterocele distended to aid in 
placement of the puncture. Surgery can be done as an 
outpatient. An ultrasound obtained 10-14 days later 
should document resolution of hydronephrosis and 
ureterocele decompression. The decompressed uretero- 
cele typically appears as a pseudomass or mucosal thick- 
ening, 10° A VCUG is performed 3 months later to 
demonstrate whether reflux has been created. 
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Figure 40.48 (a) Cystoscopic view of the sphincteric 
ureterocele having a widely open orifice (6 o'clock 
position) distal to bladder neck. (6) Vertical extension 
by wire eliminates the element of obstruction that 
accompanies the variant until definitive bladder recon- 
struction can be done at a later age. (c) The diagram 
depicts the differences in incision between intravesical 
ureteroceles (i) and sphincteric varieties (ii). (Adapted 
from Blyth et al.89) 


Figure 40.49 Vascular injury after left upper pole heminephrectomy and partial ureterectomy. (a) After surgery, fail- 
ure of contrast excretion by remaining lower pole of the kidney, although the segment had been well vascularized 
prior to surgery. (b) Retrograde pyelogram demonstrates a shrunken, unobstructed lower pole moiety. 
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Figure 40.50 Mobilization is completed before excis- 
ing the upper pole segment. The ureter has been tran- 
sected and carried behind the vessels to the lower pole 
of the kidney, providing a useful handle and guide to 
demarcation for heminephrectomy. 


(c) E (a) 


Figure 40.51 Technique of heminephrectomy. (a) Vessels to the upper pole are identified and ligated. At this point, 
the ureter can be fully mobilized from the area of the lower pole hilum and swung posteriorly and superiorly. (b) The 
capsule is peeled away from upper pole and preserved for closure. A cautery offers less bleeding than the knife. 
(c) Significant vessels are ligated. (d) Closure incorporates the capsule and parenchyma. 
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Heminephrectomy 


The key to success with heminephrectomy at any age, 
but especially in the infant, is complete and careful 
mobilization of the kidney. However, the vessels of 
babies are prone to spasm and intimal tears?* (Figure 
40.49). Undue traction must be avoided as the organ 
is gently cleared from the surrounding pararenal fat. 
It helps to intermittently discontinue the manipula- 
tion of smaller kidneys. In cases where vascular spasm 
persists, topical vasodilatory agents such as papaver- 
ine can be applied. 

In some cases, the vascular pedicle to the upper 
pole is isolated from that of the lower, making it 
easily discernible. In others, branching of the two 
occurs near the renal hilum, making identification of 
the upper pole vessels more difficult. After the vessels 
are identified, vessel loops are placed around them. 
The ureter is transected at its midsection and mobi- 
lized superiorly, posterior to the anteriorly positioned 
renal vessels. Once freed, the ureter can be swung 
beneath the vessels and used as a handle on the upper 
pole during its separation from the lower (Figure 
40.50). Upper pole blanching will occur after its ves- 
sels are ligated. Clamps on the lower vessels are 
avoided. Instead, the kidney is gently grasped 
between the thumb and index finger to help control 
bleeding. A rim of renal capsule can be peeled off the 
upper pole to be used in later closure. The poles are 
then separated with cautery (high settings) along the 
line of vascular demarcation (Figure 40.51). 

When a fish-mouthed defect remains in the lower 
pole, it can be closed with chromic mattress sutures 
that incorporate parenchyma and capsule. Otherwise, 
a flap of pararenal fat can be mobilized and tacked 
into position to cover the defect. Suturing the capsule 
of the remaining lower pole to the adjacent muscle is 
also recommended to avoid postoperative torsion. A 
drain is left in the renal fossa. 


Ureteropyelostomy and 
ureteroureterostomy 


The principles of successful ureteropyelostomy and 
ureteroureterostomy are identical to those of dis- 
membered pyeloplasty: minimal handling of the 
ureters and maintenance of their orientation. Luminal 
disparity between the recipient collecting system and 
upper pole ureter is rarely the cause for concern!97 
(Figure 40.52). In most cases the anastomosis is 
anteromedially positioned. Traction sutures define the 
extent of the ureterotomy or pyelotomy on the recip- 
ient ureter. An oblique incision of the donor ureter is 


Figure 40.52 (a) Disparity in size between the 
obstructed ureter of the upper pole moiety and the 
lower ureter (vessel loop) sometimes poses problems 
for ureteroureterostomy. (b) Since the upper pole 
shown grossly provided only moderate function, a 
heminephrectomy was performed. 


marked to match. Running 6-0 polydiaxanone 
sutures are used to complete the repair. Urinary 
drainage tubes are unnecessary, although a drain is 
left in the region of the repair (Figures 40.53 and 
40.54). 
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Subtotal ureterectomy 


As much of the abnormal ureter as possible should be 
removed in concert with heminephrectomy or renal 
salvage procedure. After dividing the ureter, a 12 Fr 
red rubber catheter is sutured within to provide trac- 
tion during its dissection. The ureter to the lower pole 
is identified and minimally handled. Long, narrow 
retractors are used to lift away the peritoneum as the 
adventitia and periureteral tethers to the upper ureter 
are taken down with selective cautery. The dissection 
is ended near the level of the pelvic brim, where the 
ureters become more intertwined. Ligation is done 


Figure 40.53 (a) Pyeloureterostomy and subtotal 
ureterectomy can be used to treat ureteroceles or 
ectopic ureters. (b) Excretory urography shows bilat- 
eral duplication and ectopic ureteroceles. Poorly func- 
tioning hydronephrosis of the right upper moiety on 
excretory urography showed salvageable function by 
radionuclide scan. (c) Excretory urogram after the right 
pyeloureteostomy and left heminephrectomy shows 
return of function in the right upper segment and 
decompression of both ureteroceles below. 


with 00 or 000 polyglycolic acid suture after aspira- 


tion of the obstructed ureter. 


Lower ureterectomy 


When a lower ureterectomy is necessary, a transverse 
Gibson-type incision is made along a lower abdominal 
crease. The obliterated hypogastric artery is identified and 
ligated. This is followed posteriorly until the ureter is 
encountered medially. The proximal portion of the ureter 
is pulled into the wound and acts as a handle during the 
remainder of the dissection. The ureter should be mobi- 
lized from within its adventitial sheath, avoiding the adja- 
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Figure 40.54 A 9-month-old female with intravesical ureterocele. (a) Preoperative excretory urogram shows good 
function to upper pole. (6) Decompression of the upper pole after successful ureteroureterostomy. 


WW 


Figure 40.55 Lower ureterectomy. (a) It is often difficult to separate the two ureters as they near the bladder. (b) The 
outer wall of the dilated ureter Aad with ectopia or ureterocele can be excised to the bladder, preserving a 
strip of common wall with the lower pole ureter. (c) Transfixing sutures obliterate its lumen, with care being taken 
not to injure the orthotopic ureter. (Adapted from Schlussel and Retik.1°8) 
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cent peritoneum and vas deferens. Once the mobilization 
is complete, the ureter is ligated and transected just out- 
side the bladder. When urethral ectopy is being 
addressed, a catheter is placed to aid in the dissection. The 
ureter is mobilized to just above the pelvic floor, where it 
is ligated and transected. The distal insertion can be left 
alone and undue dissection of the sphincter avoided. In 
the case of duplication, the shared wall of the upper pole 
ureter is left attached to that of the lower pole, avoiding 
damage to the blood supply. After resecting the ureter at 
the level of the bladder, several sutures are placed to oblit- 
erate its lumen at the hiatus (Figure 40.55). 


Ureterocelectomy 


The goals of ureterocele surgery — removal of the 
ureterocele itself, correction of associated reflux, and 


(a) (b) 


repair of any bladder defect — can be achieved by a 
number of different approaches. A transvesical 
approach gives the best opportunity to assess the 
problems associated with the anomaly. 

The bladder is opened and the submucosal extent 
of the ureterocele is appreciated after incising its 
dome. Laterally and medially, the planes between the 
ureterocele lining and overlying bladder mucosa are 
defined using fine cautery dissection. Some bladder 
mucosa should be preserved for coverage of the resul- 
tant defect. As the enucleation/excision is carried pos- 
teriorly, the ureterocele lining is excised by defining 
its plane with the underlying detrusor. Proximally, 
one or both ureters are circumferentially mobilized at 
their entrance to the bladder. Mobilization is identical 
to that of ureteroneocystostomy. Lumenal tailoring is 
usually necessary for the ureter associated with the 


Figure 40.56 Technique for excision of ectopic ureterocele with common sheath reimplantation of both ureters. 
(a) Right-sided ureterocele. Contralateral ureter in close proximity. (b) Ureterocele can be opened transversely (as 
shown). A vertical incision can sometimes offer better visualization of the urethra. In many cases, the mucosa over- 
lying the ureterocele is thinned out and must be discarded. (c) The posterior wall is incised and dissected away from 
the underlying detrusor. The dissection is carried around to the bladder mucosal edges to enable complete removal 
of the ureterocele. Ureteral orifices are circumscribed and mobilized. (d) Ureteral mobilization is completed. The 
dilated ureter is tapered opposite the common wall. The muscular defect in the bladder is repaired. (e) Both ureters 
are brought through the new hiatus in the bladder wall, although the cross-trigonal method can also be used. 


(f) Final appearance. (Adapted from Schlussel and Retik.1°8) 
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ureterocele. The bladder defect that remains after the 
dissection is closed with interrupted sutures. Ureteral 
reimplantation is completed with ipsilateral advance- 
ment-type (Glenn—Anderson) or  cross-trigonal 
(Cohen) reimplantation techniques (Figure 40.56). 

Distally, ceco- and sphincteric ureteroceles present 
a special challenge because of their urethral exten- 
sions. Flap-valve obstruction of the bladder can result 
if tissue is left to balloon into the urethra during void- 
ing.!°? However, extensive dissection should be dis- 
couraged to avoid damage to the sphincter 
mechanism. Instead, when the distal extent of the 
projection can be appreciated, it can be filleted open 
and its edges trimmed flush with the urethra. Other- 
wise, the opening to the projection can be defined and 
closed at the bladder neck, leaving the lumen intact 
where it rarely poses a problem. 

Ureteroceles can be corrected by other approaches. 
Marsupialization has been successful in some cases, 


excising the intravesical outpouching of the anomaly 
and leaving its back wall in continuity with the adja- 
cent bladder as coverage (Figure 40.57). Reimplan- 
tation can be done beneath the marsupialized 
ureterocele, although it is often necessary to create a 
trough by incising its mucosa, which is more inti- 
mately attached to the posterior musculature than in 
normal bladder. Marsupialization is probably less 
likely to cause detrusor damage than enucleation. To 
its detriment, the modification is unable to correct 
defects in the detrusor and/or sphincter and thus is 
most applicable to smaller ureteroceles. 

Another approach is to address the ureterocele 
extravesically. This can be combined with a hem- 
inephrectomy or a distal ureteroureterostomy done 
through the same incision"? (Figure 40.58). A por- 
tion of the ureterocele wall can be excised extravesi- 
cally without opening the bladder mucosa and any 
significant detrusor defect closed. Reimplantation of 


Figure 40.57 Marsupialization of ureterocele. (a) Ureterocele is incised at its junction with the normal bladder and 
sutured to mark edges and secure hemostasis. (b) Completed marsupialization. Mobilization of the duplex ureters is 
begun as common sheath. (c) Ureteral mobilization is complete and the bladder defect from dissection is repaired. 
The dilated ureter has been excised (as shown) or can be tapered opposite to the common wall. (d) Cross-trigonal 
reimplantation completed beneath the mucosa covering the original base of the ureterocele. (Adapted from Scherz 


et al.94) 
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Figure 40.58 (a) Technique of extravesical ureterocele excision can be used after either upper pole heminephrec- 
tomy or ureteroureterostomy. The remainder of the upper pole ureter is cannulated and approached through the 
lower incision. (b and c) Extravesical dissection can be completed and the detrusor defect repaired. (d) Both ureters 
can be detached to allow for easy separation of their common wall and the lower pole ureter reimplanted using a 


Lich-type repair after repairing the detrusor defect. 


an upper pole ureter can also be successfully per- 
formed. The extravesical approach may lessen the 
chances of developing post-management bladder dys- 
function, especially in children with unilateral vari- 
ants.!11 Although in some ways less invasive, this 
technique cannot address the suburethral extensions 
found with some ureteroceles and may not provide a 
solution to contralateral or ipsilateral lower pole 
reflux caused by the anomaly. 


Laparoscopy 


Heminephrectomies, nephrectomies, and ureterec- 
tomies can be carried out laparoscopically.!!?-!!4 
Laparoscopy also provides another option in locating 
ectopic ureters associated with small dysplastic kid- 
neys that cannot be identified diagnostically.!® 
Reports of increasingly larger groups of children cite 
results comparable to conventional open surgery with 


decreased morbidity.!!° Early in any experience, pro- 
longed lengths of surgery are a concession to the 
learning curves required of the techniques. Neverthe- 
less, the role for laparoscopy in the management of 
duplication anomalies as well other urologic anom- 
alies will continue to expand. 


Postoperative concerns 


An ultrasound examination or functional study is 
obtained 6 weeks after surgery, depending on the 
procedure used to address the anomaly. The status of 
salvaged upper pole kidneys or remaining lower pole 
moieties and the effects of surgery on the bladder are 
assessed. Voiding studies are performed 3—6 months 
after bladder construction to document the adequacy 
of the repair. Prophylactic antibiotics are continued 
in the interim. Children with complex urologic his- 
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Figure 40.59 Bilateral single ectopic ureters. (a) Excre- 
tory urogram. (b) Cystogram demonstrating small 
bladder and reflux into ectopic ureters. (c) Anatomy is 
also well demonstrated by injection into urethral 
meatus. 
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tories require periodic follow-up. The need for pro- 
longed serial radiographs depends on the remaining 
urinary configuration. In cases where the anomaly is 
presumably corrected, a sonogram 2 and 5 years later 
is probably adequate. Primary physicians complete 
periodic checks of the urine, blood pressure, and 
interval somatic growth. Patients who remain at risk, 
because of persistent reflux for example, require more 


frequent evaluation and, if necessary, secondary 
surgery. 

Ureteroceles are particularly challenging in this 
regard. The length of an adequate trial of medical 
management for VUR that persists after an upper 
tract approach or selective incision has not been 
defined. Although spontaneous resolution of reflux 
associated with a ureterocele occasionally occurs, it 
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appears to do so at rates significantly lower than those 
seen with primary reflux. Most bladders are large 
enough to reconstruct as the child approaches the first 
birthday. Although it would seem preferable to 
address ureteroceles before the onset of toilet train- 
ing, there may be no optimal age for surgery. In one 
series, bladder dysfunction appeared in 22 of 33 
(67%) of patients whose ectopic ureteroceles were 
excised and bladders repaired at a mean of 10 months 
of age. Infrequent voiding, large capacities, and sig- 
nificant postvoid residuals were commonplace. The 
appearance of voiding dysfunction had no correlation 
with ureterocele size or location,” although children 
with bilateral ectopic ureteroceles may be particularly 
prone in this regard.1!8 Whether these findings are 
surgically acquired or an inherent component of the 
anomaly is unclear. Similar rates of dysfunction in 
patients treated with upper tract surgery alone sug- 
gest a congenital component.!!? Regardless, the 
observation is an important one and may account for 
the lower rates of success with ureteral reimplantation 
in these children, when compared with ureteroneo- 
cystostomy for primary reflux. Bladder dysfunction 
should be considered as a contributing factor in any 
child who continues to have reflux after ureterocele 
surgery. Urodynamic testing and an assessment of 
bladder emptying should be obtained before consid- 
ering any additional surgery. 


Figure 40.60 Ureteral triplication. 


Figure 40.61 Difference in upper and lower pole configuration shown in different phases of an excretory urogram 
in a teenage boy with lower pole ureteropelvic junction obstruction. (a) Early phase shows upper pole with the 
appearance of a calyx. (b) Later phase shows a typical pelvic appearance of the lower pole. Note the kink from cross- 


ing the vessel. 
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Related conditions 


Bilateral single ectopic ureters 


Bilateral single-system ectopic ureters are far more 
common in girls, who present with significant urologic 
problems as a consequence. The trigone and bladder 
neck are wide and poorly defined because of the aber- 
rant insertions of the ureters. These usually drain into 


the distal urethra, although genital ectopy has also been 


described. Incompetence of the outlet results, causing a 
presentation very similar to that in patients with epis- 
padias. In addition, the bladder is typically small and 
the detrusor thin-walled, in theory because it has never 
been required to store urine during development 
(Figure 40.59). Renal dysplasia or varying degrees of 
hydronephrosis are usually present. Reimplantation 
alone does not correct these glaring urodynamic abnor- 
malities in most patients,*! although there have been 
exceptions. !?0 Augmentation cystoplasty is often 


Figure 40.62 Lower pole ureteropelvic junction obstruction diagnosed prenatally. (a) Renal sonogram demonstrates 
lower pole hydronephrosis with better-developed renal parenchyma in the upper pole. (6) Excretory urography 
shows opacification of the upper pole structures on the left displaced superiorly and laterally. (c) Radioisotope scan 
demonstrates reduced but salvageable function in the left lower pole. 
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required and bladder neck reconstruction becomes nec- 
essary to increase outlet resistance. Boys are also occa- 


Figure 40.63 Surgical treatment of the lower pole 
ureteropelvic junction obstruction in duplication. Join- 
ing two systems as shown brings less risk than 
attempting an isolated dismembered pyeloplasty of the 
lower system. 


(a) 


sionally affected by bilateral single-system ectopia, 
which insert into the prostatic urethra. Bladder dynam- 
ics are more favorable, presumably because the better- 
developed external sphincter helps to retain the urine 
necessary to stimulate bladder capacity. !?! 


Ureteral triplication 


Triplication of the ureter is one of the rarest anom- 
alies in the urinary tract.!?? The individual takeoff of 
three ureteral buds from the wolffian duct or the pres- 
ence of two buds with early fission of one of the two 
accounts for the variants of complete or partial tripli- 
cations that have been described. The most common 
is a trifid configuration, with all three ureters uniting 
and draining through a single orifice (Figure 40.60). 
Triplicate ureters are more common in females and 
occur more often on the left side. Common presenta- 
tions include UTI and/or signs of ureteral obstruc- 
tion. Ureteral triplications can be associated with 
ureteroceles, ectopia, and renal fusion anom- 
alies.!2-!25 The principles in management are similar 
to those of duplication anomalies. 


Figure 40.64 (a) ‘Yo-yo reflux’ in a 2-year-old female may contribute to the mild dilatation of the two branches of 
the incomplete duplication shown. (6) An unusual duplication variant in a 4-year-old boy with lower pole ureter 
ending as a saccular dilatation beneath the normal kidney. Although both children are possibly at risk from to-and- 
fro peristalsis, both are being followed expectantly and have done well. 


= 
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Figure 40.65 A high ureteropyelostomy with elimina- 
tion of one limb of the yo-yo is occasionally required to 
treat ureteroureteral reflux. 


Lower pole ureteropelvic junction 
obstruction 


Proximal ureteral obstructions occasionally involve 
duplicated ureters at the ureteropelvic junction.!”° 
These almost always affect the lower renal pole. 
Because of their similarity, most problems that affect 
the ureters of single-system kidneys can affect the 
lower pole ureters of duplications. The configuration 
and size of upper pole ureters more closely mimic that 
of a calyx, making them much less prone to obstruc- 
tion (Figure 40.61). Ultrasonography demonstrates 
lower pole hydronephrosis in the absence of ureteral 
dilatation. Renal scintigraphy is used to assess func- 
tion and document obstruction (Figure 40.62). 
When the lower pole is salvageable, its pelvis is anas- 
tomosed to the adjacent upper pole ureter 
(pyeloureterostomy) (Figure 40.63). The remainder 
of the ureter is ligated above the bifurcation and dis- 
carded. 


Yo-yo reflux 


The phenomenon of yo-yo reflux remains poorly 
defined and its clinical implications are unclear. 
Ureteral dilatation of bifurcated ureters was noted in 
41% of cases in one series.!?” This raised the question 
of disordered peristalsis causing partial ureteral 


Figure 40.66 Blind-ending bifid ureter. (a) Excretory 
urogram outlines blind-ending bifid ureter on the right 
side. (6) Voiding cystourethrogram shows reflux and 
bifurcation. (c) Retrograde study of similar abortive 
duplication whose orifice was seen at preoperative 
cystoscopy. When encountered unexpectedly, these 
can be safely reimplanted using a common sheath 
technique. 


obstruction. In theory, antegrade peristalsis that 
begins in one ureteral limb initiates a reverse peristal- 
sis in the other once it reaches the junction.!*8 High- 
grade obstruction is rare and an increased tendency to 
infections seems unlikely in most cases (Figure 
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40.64). In addition, despite altered to-and-fro peri- 
stalsis at its junction, the overall direction of urinary 
flow is still antegrade. In the rare patient in whom a 
clinically significant yo-yo is suspected, a high 
ureteroureterostomy is recommended, discarding as 
much abnormal ureter as possible??? (Figure 40.65). 
The preferred option for low-confluence bifurcations 
is to excise the shared segment and complete a 
common sheath ureteral reimplantation. 


Remnant ureters 


A blind-ending branch of a bifid ureter is occasionally 
found in a child, although they are more often dis- 
covered in adults. These occur more commonly in 
females and on the right side. Most are associated with 
low-confluence bifurcations that are prone to reflux, 
although the anomaly can also occur with complete 
duplications!8°!3! (Figure 40.66). Proximally, the 
ureter ends blindly or may be associated with a small 
segment of poorly functioning kidney. For larger seg- 
ments, excision is occasionally warranted. Otherwise, 
surgery is not indicated unless recurrent infections 
become problematic, in which case a common sheath 
reimplantation is recommended. In occasional cases, 
an unsuspected duplication is discovered at cystoscopy 
or even during ureteral reimplantation. The ureter can 
be cannulated and a retrograde ureteropyelogram 
obtained. In nearly every case, the surgeon should still 
proceed with reimplantation unless the segment is 
short and easily excised. Complications from retained 
renal parenchyma associated with remnant ureters 
have yet to be described. 
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Introduction 


The recent development of laparoscopic techniques 
applicable to children has presented the opportunity 
of managing complex renal duplication anomalies 
using less invasive methods, without compromising 
surgical efficacy and safety. This chapter reviews the 
specific laparoscopic methods appropriate to the man- 
agement of congenital duplication anomalies. Famil- 
iarity with the anatomic and functional implications 
of these anomalies, as well as of their appropriate eval- 
uation, is presumed. 

The indications for laparoscopic correction of vari- 
ous duplication anomalies are the same as for open 
surgery. The principal determinants of the need for 
surgery as well as the nature of the surgery needed are 
the status of the affected renal moiety and of the con- 
tralateral kidney, and the presence or absence of 
reflux, obstruction, or incontinence. The options are 
upper or lower pole heminephrectomy, vesicoureteral 
reimplant, pyeloureterostomy, and ureteroureteros- 
tomy. 


Laparoscopic operations in duplicated 
anomalies 


In the setting of duplication anomalies, the most 
common operation performed is partial nephrectomy, 
predominantly of the upper pole. The usual indica- 
tion to perform an upper pole heminephrectomy is an 
upper pole with minimal or no demonstrable func- 
tion, typically with a dilated corresponding ureter 
from distal obstruction, as in an ectopic ureter or 
ureterocele (UC) or incontinence from an ectopic 
ureter. In some ectopic ureters with incontinence, 
there is minimal to no dilation in the affected dys- 
plastic upper pole. Laparoscopy provides excellent 


exposure to the hilum and this particular operation is 
carried out more efficiently in laparoscopy than in 
open surgery.! 

The approach may be transperitoneal or retroperi- 
toneal. The transperitoneal approach offers a wider 
operative field and is preferred for nephroureterec- 
tomy or when there is need for concomitant abdomi- 
nal surgery (orchiopexy, reimplant); otherwise, the 
retroperitoneal approach is preferred. This may be in 
the prone or lateral position.?3 

The instruments required are 5 mm and 3.5 mm 
cameras, scissors with cautery, a curved fine grasp- 
ing/dissection instrument, a large grasping instru- 
ment for retraction, a clip applier (5 mm), an 
irrigating/aspirating device, an harmonic scalpel, or a 
hook cautery. We have used 2 mm instruments, but 
now feel these do not provide adequate control.* 

In the prone retroperitoneal approach, the patient 
is prone and the first incision is at the costovertebral 
angle (Figure 41.1). Blunt dissection is carried out 
until Gerota’s fascia is exposed and entered. The 
retroperitoneal working space is developed using a 
balloon filled with saline. The balloon is created from 
a finger of a surgical glove tied to a silastic catheter. 
Developing the retroperitoneal space is accomplished 
with volumes from 90 ml in an infant to 150 ml in a 
school-age child. After removal of the balloon, the 
first trocar is placed, secured, and insufflated to about 
12 mmHg. The surgeon is positioned at the ipsilat- 
eral side of the patient (affected kidney) or at the feet 
of the patient in smaller children. Secondary ports are 
placed under direct vision above the iliac crest lateral 
to the sacrospinalis muscle and at the posterior axil- 
lary line (see Figure 41.1).4 The prone approach (pre- 
ferred by the authors) offers excellent exposure of the 
hilum (Figure 41.2). 

The lateral retroperitoneal approach (Figure 41.3) 
provides easier access to the distal ureter. However, it 
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Figure 41.1 Port placement for prone retroperitoneal 
partial nephrectomy. The camera is usually placed in 
the port at the costovertebral angle. 


Figure 41.2 Exposure of the hilum afforded by the 
prone retroperitoneal approach permits efficient 
access to the renal vessels. The renal artery is marked 
by the white arrows and the upper pole pelvis by the 
black arrows. UP, upper pole; LP, lower pole. 


requires extensive mobilization of the peritoneum and 
retraction of the kidney for optimal exposure of the 
hilum. The patient is positioned in the flank position 
and the first incision is made at the lower border of 
the 12th rib. The working space is developed similarly 
to the prone approach and accessory ports are placed 
1 finger width from the top of the iliac crest and pos- 
teriorly in front of the lumbosacral muscle. Alterna- 
tively, they can be placed in a similar fashion to the 
prone approach.®7 


Figure 41.3 Port placement for the lateral retroperi- 
toneal approach to the kidney. 


In the transperitoneal approach the patient is 
supine and the first trocar is placed at the umbilicus 
with open technique and secured in place. Two addi- 
tional ports are placed under direct vision on the mid- 
clavicular line in the upper and lower quadrant 
(Figure 41.4). A fourth port for liver retraction may 
be placed at this time for a right-sided operation. The 
table is then rotated so that the patient is in an oblique 
position, which allows the bowel to fall out of the 
operative field. Access to the retroperitoneum and 
kidney begins with mobilization of the right or left 
colon.® 

Once access to the retroperitoneal space is 
obtained, the lower pole of the kidney is identified 
and mobilized until the two ureters can be identified. 
It is preferable to gain control of the hilum as soon as 
it may be adequately visualized. In the prone position 
the kidney tends to fall laterally and anteriorly, expos- 
ing the vascular pedicle. The appropriate polar vessels 
are identified and clipped individually using a 5 mm 
clip applier. With the patient prone, the artery comes 
first in view and is taken first (see Figure 41.2). Two 
clips are used on the proximal side and one on the 
distal end. Subsequently, the corresponding ureter is 
mobilized, transected just below the lower pole, and 
used as a handle to facilitate isolation of the corre- 
sponding pole. Occasionally, mobilization of the 
ureter is required prior to obtaining complete visual- 
ization and control of the vessels. Transection of the 
renal parenchyma is then carried out with the har- 
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Figure 41.4 Port placement for the transperitoneal 
approach to the kidney, which provides excellent 
access to the distal ureter when this must be resected. 


monic scalpel or with the bipolar cautery.? The 
remainder of the ureter is then dissected away from 
the remaining ureter, with care taken to avoid devas- 
cularizing it, which is best done by staying very close 
to the ureter being removed. The distal ureteral 
stump should be suture-ligated when reflux is present. 
In the ectopic ureter with both obstruction and reflux, 
usually those entering the bladder neck, the entire 
ureter should be removed and the defect closed with 
sutures. The specimen is removed from the largest 
port incision. Large cysts in dysplastic upper poles 
may need to be aspirated before the specimen can be 
removed. 

The typical indication for lower pole heminephrec- 
tomy in duplicated anomalies is a severely compro- 
mised lower pole as a result of high-grade 
vesicoureteral reflux (VUR). The procedure can be 
undertaken, transperitoneal or retroperitoneal, and 
prone or lateral, in a similar fashion to an upper pole 
partial nephrectomy. It is best to expose the entire 
hilum first in order to positively identify the lower 
pole vessels. In lower pole partial nephrectomy, the 
plane between the upper and lower pole pelves is not 
as distinct and may be difficult to develop. Also, the 
calices of the dilated lower pole often protrude into 
the upper pole and may be entered during separation 
of the two moieties. All remnants of the calices and 
parenchyma must be removed in order to prevent for- 
mation of a urinoma (Figure 41.5). If the upper pole 
collecting system is inadvertently entered, suture clo- 
sure is recommended as well as drainage.! Removal of 
the lower pole through the initial incision may require 
morcellation. 


Figure 41.5 Appearance of the remnant upper pole of 
a left kidney following lower pole nephrectomy. The 
lateral edge of the upper pole is marked by the dark 
arrows and the upper pole ureter is marked by the 
white arrows. 


Results of laparoscopic partial 
nephrectomy 


Table 41.1 shows the results of several series of pedi- 
atric laparoscopic partial nephrectomy. In general, the 
operative times are acceptable and the conversion rate 
to open surgery is low. In comparative studies of 
transperitoneal and retroperitoneal approaches, there 
is minimal difference in times or outcomes. In a study 
from this institution with age-matched open surgical 
controls, operative times were identical at 3.2 hours, 
hospital stay was significantly reduced (1.7 vs 4.7 days 
(p = 0.001), and analgesic requirements were signifi- 
cantly less in the retroperitoneal partial nephrectomy 
group. Even in the infant, laparoscopic approaches 
for complex renal surgery are both safe and efficient, 
perhaps even more so than open surgery. 


Complications 


Possible complications of laparoscopic partial 
nephrectomy include bowel, liver, and spleen injuries, 
abdominal wall vessel injuries, and vascular injuries. !° 
On the right side, the duodenum can be injured while 
exposing the upper pole. It is important to recognize 
that what looks like the renal vein may in fact be the 
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Table 41.1 Summary data for laparoscopic partial nephrectomy in children, with conversion rates to open surgery 


vena cava if proper orientation of the camera is lost. 
It is important to briefly reorient oneself prior to any 
definitive clip placement. Arterial injuries require 
prompt control of bleeding and repair. Conversion to 
open surgery may be necessary, depending upon the 
severity of the injury and the experience of the sur- 
geon. Although there is less need to manipulate the 
remnant pole during a laparoscopic partial nephrec- 
tomy, the possibility of arterial spasm in the remnant 
pole must be recognized and anticipated. This is more 
likely in infants, but can occur at any age. Any tension 
on the remnant pole vessels should be released and a 
syringe of papaverine prepared. If the affected pole 
does not ‘pink-up’, 0.5 ml of papaverine should be 
forcefully squirted at the affected artery. If no effect is 
seen, a second bolus of 0.5 ml should then be 
instilled. Alternatively, lidocaine (without epineph- 
rine) may be useful to correct the vasospasm. 

Postoperative complications have been limited to 
urinoma formation, although none have been clini- 
cally significant. Simple aspiration is usually associ- 
ated with rapid recurrence. If there is concern about a 
remnant pole leak, a double-J stent may be placed for 
several weeks. We have not seen any long-term prob- 
lems with these and have usually simply observed 
them without untoward outcomes. 


Ureteral surgery associated with 
duplication anomalies 


Laparoscopic vesicoureteral reimplant has limited 
indications in duplication anomalies. Isolated VUR 
of the lower pole is best managed by ureteroureteros- 
tomy. If the upper pole is also refluxing, typically as a 
result of previous incision of a UC, a common sheath 


reimplant is appropriate. An isolated lower pole reim- 
plant is considered when the upper moiety had been 
previously removed. 

In unilateral cases, simple or common sheath reim- 
plant can be accomplished laparoscopically with a 
Lich-Gregoire extravesical reimplantation.!”-!? The 
patient is positioned supine, and ports are placed at 
the umbilicus and symmetrically in the midclavicular 
lines, 2-3 cm below the umbilicus. The ureter is 
exposed by incising the peritoneum and a detrusor 
incision of 2.5-3 cm is made with the hook cautery. 
A hitch stitch is placed to hold the bladder upwards to 
aid exposure. The muscle is then brought around the 
ureter with interrupted sutures. No ureteral stenting 
is required. In bilateral cases, a laparoscopic intraves- 
ical approach has been described by Olsen et al.?° 
Laparoscopic ureterocele excision has also been 
described, including extravesical reimplantation of the 
remnant ureter. 

Associated lower pole ureteropelvic junction (UPJ) 
obstruction is best treated by creating a wide anasto- 
mosis between the lower pole pelvis and the upper 
pole ureter (pyeloureterostomy). On occasion, how- 
ever, an isolated lower pole dismembered pyeloplasty 
can be considered. This is one of the most challenging 
laparoscopic procedures in pediatric urology, and can 
be performed transperitoneally or _ retroperi- 
toneally.*!-? Ports are placed as in a transabdominal 
partial nephrectomy, but the retroperitoneal space can 
be exposed through a transmesenteric incision. The 
operation is carried out as an open dismembered 
pyeloplasty, with resection of the stenotic segment, 
spatulation of the ureter, and reanastomosis. A 
double-J internal stent is left in the repaired ureter. 
This operation requires significant skill in laparo- 
scopic suturing and knot tying. For this reason, it can 
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be more efficiently accomplished by those without the 
requisite experience by using the da Vinci robotic sur- 
gical system (Intuitive Surgical, Sunnyvale, CA).74+?6 


Robotic laparoscopy for duplication 
anomalies 


The use of robotics potentially expands the number of 
laparoscopic cases, enabling surgeons with limited 
laparoscopic experience to perform complex laparo- 
scopic reconstructions requiring extended suturing 
skills. Of the different available devices, the da Vinci 
robotic surgical system seems the more appropriate to 
pediatric urologic needs. It is composed of three main 
parts: the robotic unit, with three (or four) robotic 
arms that hold camera and instruments; the 
video-insufflation—light source unit, as in conven- 
tional laparoscopy; and the remote console from 
where the surgeon controls the robotic arms.”> It is 
equipped with a double camera that facilitates an 
optimal three-dimensional view. The instruments 
presently available are 8 and 5 mm in diameter, the 
larger ones permitting the greatest maneuverability.?7 
Whereas robotic laparoscopy presents enormous 
advantages in terms of visual and fine suturing capa- 
bilities, accuracy, and speed of surgery over freehand 
laparoscopy, it also carries the limitation that once the 
robot is engaged no further adjustment to patient 
position is possible without disengaging the robot. 
Therefore, care must be taken in terms of patient 
preparation and positioning, set-up, and port place- 
ment. A dedicated nursing team is advisable and all 
members should have had laboratory training on the 
system. 

Extravesical ureteral reimplants, pyeloplasties, and 
partial nephrectomies have been performed roboti- 
cally.?5 In pyeloplasties and partial nephrectomies, the 
approach is currently transperitoneal, whereas 
retroperitoneal approaches are being investigated. 

To perform a ureteral reimplant, the robot is 
brought in from the feet of the patient and a 30° up- 
angled camera is used. For renal surgery, the robot 
is brought in from the side and angled from the 
shoulder, with care being taken to engage it perpen- 
dicular to the major longitudinal axis of the kidney. 
An important point in all robotic laparoscopic pro- 
cedures is that once the robot is engaged, any adjust- 
ment of robot position requires disengaging the 
system. While the surgeon sits at the console, the 
assistant will remain scrubbed at the patient’s side, 
taking care of instrument changes. With the da Vinci 


robot, current instruments include a hook cautery, 
scissors, DeBakey forceps, larger grasping forceps, 
and two sizes of needle holder. These instruments 
are integrated with conventional laparoscopic clip 
appliers, irrigation/aspiration devices, scissors, and 
graspers. Dissection is carried out mostly with the 
hook cautery, as is the parenchymal resection in a 
partial nephrectomy. Vessels are clipped with a tra- 
ditional clip applier maneuvered by the assistant. 
The operations are carried out as previously 
described. Operation times are usually reduced, 
compared with conventional freehand laparoscopy, 
although overall time may be equal due to the set-up 
time required with the robot. With the use of the da 
Vinci robotic surgical system, laparoscopic nephrec- 
tomies, partial nephrectomies, pyeloplasties, and 
reimplants may become accessible to a larger 
number of surgeons with limited experience in con- 
ventional laparoscopy. 
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Vesicoureteral reflux (VUR), a retrograde flow of 
bladder urine into the upper urinary tract, is one of the 
most commonly encountered pediatric urologic anom- 
alies. It occurs normally in many animal species but is 
generally considered abnormal in humans. Tradition- 
ally, VUR has been categorized etiologically into pri- 
mary and secondary. Primary VUR is thought to 
represent an abnormal anatomy and function of the 
ureterovesical junction (UVJ), whereas secondary 
VUR implies an acquired condition as a result of 
increased intravesical pressure in the setting of neuro- 
genic bladder dysfunction, non-neurogenic bladder 
dysfunction, or outlet obstruction. The clinical associa- 
tion of VUR and urinary tract infection (UTI) that 
leads to pyelonephritis, renal scarring, hypertension, 
and chronic renal insufficiency (reflux nephropathy) 
has been the primary impetus for diagnostic and thera- 
peutic interventions for VUR during the last three 
decades. However, various clinical and experimental 
studies seeking to establish a causal relationship 
between the pathophysiologic components of VUR, 
UTI, and other clinical sequelae have led to many con- 
tentious debates rather than a unifying consensus. In 
fact, most pediatric urologists and nephrologists now 
consider VUR not as a disease in and of itself but 
rather as a marker of heterogeneous condition of the 
whole urinary tract. It includes congenital renal 
hypoplasia and dysplasia (in addition to acquired 
pyelonephritic renal damage), primary reflux caused by 
incompetent UVJ, altered lower urinary tract function, 
and inherent predisposition to UTI. In this chapter, the 
etiologic components of VUR — both anatomic and 
functional — are discussed to establish the conceptual 
framework within which clinical management issues 
are presented in the subsequent chapters. 


Historical perspective 


Galen and Leonardo da Vinci were the first to pro- 
pose that normal UVJ allowed unidirectional flow of 


urine into the bladder and that VUR might be abnor- 
mal in humans.! In 1893, Pozzi reported that VUR 
could occur in humans after noting an unexpected 
urine leakage from the accidentally severed ureter 
during a pelvic gynecologic procedure.* The system- 
atic identification of VUR came as the result of tech- 
nologic advances in contrast radiography — voiding 
cystourethrography (VCUG). Initially, VUR was not 
thought to be a significant clinical problem for 
humans, although Bumpus speculated in 1924 that 
VUR was related to UTI and that in children, unlike 
adults, VUR was not associated with other urinary 
tract pathology.* In 1930, Campbell found VUR in 
12% of over 700 VCUGs but assumed that there was 
other underlying pathology as the cause of VUR.5 In 
1944, Prather proposed that VUR was abnormal in 
children,® and this notion gained increasing accep- 
tance, after accumulating evidence suggested that 
VUR was typically absent in normal neonates and 
children. The modern era of clinical VUR manage- 
ment was ushered in by Hutch’s observation that 
VUR and pyelonephritis might be causally related in 
paraplegic patients.” Hodson, applying Hutch’s con- 
cept to children, noted that VUR was more common 
in children with UTI and renal parenchymal abnor- 
mality.*? Other clinical and experimental observa- 
tions soon followed, providing the anatomic and 
functional basis for the UVJ mechanism and the eti- 
ology of VUR. 


Anatomic features of ureterovesical 
junction 


The UVJ is anatomically and functionally adapted to 
allow intermittent passage of a urinary bolus from the 
ureter into the bladder, while preventing the retro- 
grade flow of bladder urine back toward the kidney 
during storage and micturition. To achieve these 
functions, the ureter enters the bladder wall with an 
oblique intramural path (intramural ureter) and 
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Figure 42.1 (a) Normal ureterovesical junction (UVJ): demonstration of the intravesical ureter (intramural + sub- 
mucosal). (b) Refluxing UVJ: unlike a non-refluxing orifice, there is an inadequate length of the intravesical ureter, 
compromising the ‘flap-valve’ mechanism. (Modified from Politano,’° with permission.) 


extends through a submucosal tunnel of appropriate 
length (submucosal ureter) to open onto the trigone 
in a correct location. This ‘flap-valve’ configuration 
causes the intramural and submucosal ureter to be 
compressed with progressive bladder filling against 
the detrusor muscle backing, as if one were stepping 
on compressible straw on the ground (Figure 42.1). 
The UVJ mechanism, however, is not entirely pas- 
sive. It is also active, requiring a functional integra- 
tion with bladder and trigone. The functional 
components of the UVJ were first appreciated in 
1812 when Bell noted that extension of the ureteral 
longitudinal muscle fibers into the trigone (Bell’s 
muscle) was important in the preservation of intra- 
mural ureter obliquity.!' Tanagho and Pugh provided 
an anatomic description of the ureteral muscle fiber 
extension intravesically.'2 The inner longitudinal 
ureteral fibers form the superficial trigone, down to 
the level of verumontanum in males and the dorsal 
surface of the urethra in females. At the trigone, the 
muscle fibers extend fanwise, and at the midline of the 
trigone, they intermingle with those of the contralat- 
eral ureter. The middle circular ureteral muscle is not 
seen beyond the level of the ureteral hiatus. The 
adventitia of the distal ureter just outside the bladder 
wall fuses with the fibromuscular sheath that encircles 
the ureter (known as Waldeyer’s sheath). Waldeyer’s 
sheath is thought to anchor the ureter within the 
hiatus while allowing the intramural ureter to slide 
freely within the hiatus during bladder filling and 
emptying (Figure 42.2). In 1972 Elbadawi!* (later 
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Figure 42.2 Passage of the distal ureter through the 
ureteral hiatus in the bladder wall. Ureteral inner longi- 
tudinal muscle fibers extend into the trigone to form 
the Bell’s muscle. The Waldeyer’s sheath anchors the 
distal ureter at the hiatus. (Modified from Mathisen,'? 
with permission.) 


confirmed by Stephens!*) identified a separate inter- 
mediate layer extending from the ureter into the deep 
trigone. 

Immunohistochemical studies using antibodies that 
differentiate the ureteral and bladder embryologic ori- 
gins have also confirmed these ureteral muscle exten- 
sions into the deep trigone, richly innervated by 
noradrenergic receptors, similar to vas deferens.!° 
This intermediate layer may be important in the over- 
all development of ureter and trigone. The ureteral 
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maldevelopment may be tied together with an abnor- 
mal trigonal development, which derives from the 
common nephric duct (the segment of mesonephric 
duct distal to the origin of ureteric bud). A recent 
study of vitamin A signaling-deficient mice demon- 
strated an abnormal development of trigone, thereby 
resulting in a high incidence of distal ureteral anom- 
alies.!7 

Despite somewhat conflicting opinions about the 
precise anatomic details of the ureter-trigone rela- 
tionship, there is sound physiologic evidence to sug- 
gest that a functional integration of ureter and trigone 
is important in the normal UVJ mechanism. Tanagho 
et al’s series of elegant experiments in dogs defined 
their roles in preventing VUR.!® Unilateral sympa- 
thectomy at L3-5 uniformly induced reflux. These 
findings were consistent with earlier observations by 
Langworthy in 1938, where unilateral sympathec- 
tomy in cats induced a unilateral dilated ureter with 
ipsilateral widening of the ureteric orifice. Additional 
experiments demonstrated that increasing the trigonal 
tone and contractility using electrical stimulation, epi- 
nephrine injection, bladder distention, and micturi- 
tion all resulted in functional occlusion of the ureteric 
orifices. Finally, surgical incision of ureter—trigone 
continuity below the ureteric orifice resulted in VUR, 
which then disappeared after healing of the incision. 

The anatomic mechanisms of the UVJ can be then 
summarized as follows. The natural tone of ureteral 
muscle provides a mild passive closure of the intra- 
mural ureter except during the efflux of the urinary 
bolus. As the bladder fills and becomes distended, 
there is a progressive obliquity of the intramural and 
submucosal ureter, creating a ‘flap-valve’ mechanism, 
provided that there is a sturdy back-wall support of 
the detrusor muscle. The tone and contractility of the 
trigone increases steadily during bladder filling as it 
becomes stretched, and it provides a secure anchoring 
of the ureteric orifices, further augmenting the flap- 
valve mechanism. Micturition also stimulates the trig- 
onal tone, anchoring the ureter and preventing the 
lateral displacement of the orifice. The critical factor 
of this flap-valve mechanism is the effective occlusion 
of the intramural and submucosal ureter as the rising 
intravesical pressure compresses it against the detru- 
sor muscle. The anatomic and functional integration 
of ureter and trigone is a remarkable piece of bio- 
engineering that allows an unimpeded unidirectional 
flow of urine at the UVJ. 

In addition to the experimental observations noted 
above, clinical findings lend further support to the 
importance of the flap-valve mechanism in preventing 


VUR. The intravesical ureter (the intramural segment 
plus the submucosal tunnel) has been estimated to 
lengthen with age, providing rationale for sponta- 
neous VUR resolution with maturation. In neonates, 
the average length of the intravesical ureter was 
0.5 cm, whereas in adults it was 1.3 cm.!® The 
mature length was thought to be achieved by 10-12 
years of age. In examining other animal species, the 
variability of VUR incidence was also associated with 
the length of intravesical ureter. Trigonal competency 
plays a critical role in maintaining the adequate length 
and obliquity of the intravesical ureter during bladder 
distention and micturition. Inadequate trigonal func- 
tion allows the ureteric orifice to displace laterally and 
migrate away from the bladder neck during bladder 
filling, leading to reduction of the intravesical ureteral 
length. 

The lateral displacement of the ureteric orifice and 
its abnormal appearance in association with VUR are 
well established (Figure 42.3). The classic explanation 
proposed by Mackie and Stephens suggests that the 
lateral displacement may occur as the result of abnor- 
mal ureteric bud origin along the developing 
mesonephric duct. They found a correlation 
between the lateral displacement of the ureteric orifice 
and the degree of renal dysplasia and hypoplasia, and 
postulated that the ectopic origin of the ureteric bud 
during metanephric development was the primary 
embryologic error leading to anomalous renal differ- 
entiation and an abnormally located ureteric orifice. 


Figure 42.3 Four different ureteric orifice positions: (a) 
normal; (6) moderately lateral; (c) very lateral; and (d) 
orifice at the mouth of a diverticulum. (Reproduced 
from Glassberg et al,2’ with permission.) 
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after presenting with UTI, in which females predom- 
inate. Boys tend to present at a younger age, and they 
tend to have more severe degrees of VUR, especially 
if diagnosed in infancy. A transient urethral obstruc- 
tion causing high intravesical pressures has been pro- 
posed to explain this phenomenon. Urodynamic 
studies of infants with VUR suggested that high 
voiding pressures and small functional capacity are 
more common in boys.## 

VUR appears to be an heritable disorder. Identical 
twins have been observed to have a higher incidence 
of VUR.** It occurs in siblings of affected children at 
a significantly higher rate than that in the general pop- 
ulation. The sibling VUR rate has been estimated to 
be as high as 40-50%.36-38 Various studies suggest a 
dominant inheritance pattern with a variable pene- 
trance. These include an approximately 50% inci- 
dence of sibling VUR in the first 2 years of life and a 
high incidence (about 60%) of parent-to-child trans- 
mission.*? Evidence of genetic heterogeneity has been 
published, suggesting that different genes act on dif- 
ferent families.4° Furthermore, the incidence of VUR 
varies among races. Children of Asian and African 
ancestry have a lower rate of VUR than those of Cau- 
casian genetic background (ratio of 3.4 to 1).442 


Primary versus secondary 
vesicoureteral reflux 


The distinction between primary and secondary VUR 
is important in the conceptualization of contributing 
pathophysiology and relevant anatomic/functional 
etiologies that need to be addressed clinically. In cer- 
tain cases, the distinction is not entirely clear in that 
some forms of ‘primary VUR may be associated with 
bladder anomalies which contribute to the progres- 
sion of the underlying UVJ malfunction. The clinical 
reality is that in all patients presenting with VUR, the 
proper management must include a global view of the 
entire urinary tract, including UVJ mechanism, blad- 
der dysfunction, predisposition to UTI, and renal 
anomalies. A short intravesical ureter or a marginally 
competent ureter—trigone complex may increase the 
likelihood of VUR in unfavorable conditions such as 
bladder hypertonicity, high pressure voiding, and 
UTIs. On the other hand, an extremely competent 
UV] may resist VUR even in cases of challenges by an 
abnormal bladder until there is an irreversible defor- 
mation of the UVJ structures. 

The concept of ‘secondary’ VUR is critical in that 
understanding the dynamic process of reflux will be 


incomplete without considering the effect of the blad- 
der. In a normal, mature urinary tract, increasing the 
intravesical pressure alone does not necessarily induce 
VUR. The clinical association of bladder abnormali- 
ties and VUR is well recognized. It is known that 
VUR can be acquired secondary to bladder anomalies 
such as neurogenic bladder disorders and various 
types of bladder outlet obstruction (as in boys with 
posterior urethral valves). Elevated voiding pressures 
may have a role in VUR pathophysiology, especially 
in infants. A higher incidence of high-grade VUR in 
infant males has been attributed to high voiding pres- 
sures caused by transient urethral obstruction, espe- 
cially when intravesical ureteral tunnels are not fully 
mature. The chronic elevation of bladder storage 
pressure and the subsequent distortion of the bladder 
wall at the UVJ (such as paraureteral diverticulum) 
may be critical in the formation of secondary VUR. 
The structural and neurologic perturbation of the 
trigone in the abnormal bladder is likely to be impor- 
tant as well. 

The most common anatomic cause of secondary 
VUR is seen in boys with posterior urethral valves, 
which are associated with VUR in over 50% of 
patients.*? Anatomic obstructions causing VUR in 
girls are rare and may occur in the setting of an 
obstructing ureterocele. Any child with an altered 
bladder function is at risk for secondary VUR. A 
poorly compliant bladder, along with its abnormal 
interaction with dyssynergic urinary sphincters, can 
lead to increased intravesical pressures, which then 
weakens and alters the UVJ to cause VUR. A strong 
correlation was established by McGuire that if the 
bladder pressures exceed 40 cmH,O, the incidence of 
VUR is seen in over 80% of patients with myelodys- 
plasia and neurogenic bladders.44+45 


Role of urinary tract infection in 
vesicoureteral reflux 


Tanagho and colleagues proposed that lower urinary 
tract inflammation might affect the mildly deficient 
UVJ and induce VUR.!8 New VUR was reportedly 
acquired in 6 out of 7 experimental piglets after 
Escherichia coli infection and bladder inflammation.*® 
Some E. coli strains have been implicated as affecting 
the activity of urinary tract smooth muscle directly, 
rather than via an inflammatory reaction. Bacterial 
endotoxin was found to inhibit a-adrenergic recep- 
tors of trigonal musculature in cats.4” Similarly, UTI 
may cause human ureteral dilatation.*8:49 Such a 
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This view is most plausible when applied to duplex 
system anomalies but may also be pertinent to the 
congenital renal anomalies associated with VUR. An 
alternative embryologic view of VUR may be the 
concept of primary trigonal disorder. The trigone 
develops as a result of a common nephric duct and the 
distal ureter incorporation into the developing blad- 
der, and it is reasonable to postulate that the lateral 
displacement and the abnormal ureteral anchoring 
may occur as a result of functional disorganization of 
the trigone during development. 17 

Endoscopic observations confirm the importance 
of the flap-valve mechanism in preventing VUR. 
Specifically, the ratio of the submucosal tunnel length 
to the ureteral diameter appears to be a critical factor 
that determines the effectiveness of UVJ func- 
tion.!?9 Paquin noted that in children without 
VUR, the ratio of tunnel length to ureteral diameter 
was 5 to 1, whereas in children with VUR, the ratio 
was 1.4 to 1.1? Cussen documented the relationship 
among intravesical ureteral length, submucosal 
ureteral length, and ureteral diameters in normal 
infants and children”? (Table 42.1). The relative posi- 
tion and shape of the ureteric orifice also seem to cor- 
relate with the length of the intravesical ureter. 
Orifices that are placed laterally, away from the blad- 
der neck, are associated with a higher incidence of 
VUR and probably reflect poor trigonal anchoring 
and short intravesical ureteral length. Lyon and col- 
leagues described four basic orifice shapes that reflect 
the competency of the UVJ anatomy: cone, stadium, 
horseshoe, and golf-hole.2? VUR was seen in 4% of 
patients with a normal cone configuration, 28% in 
those with a stadium orifice, 83% in those with a 
horseshoe orifice, and 100% in those with a golf-hole 
orifice. Heale confirmed Lyon’s observations by 
reporting a higher prevalence and grade of VUR as 
well as renal scarring in patients with more laterally 
placed and abnormal ureteric orifices.24 Stephens 


Table 42.1 Mean ureteral tunnel lengths and 
diameters in children 


Age Intravesical Submucosal  Ureteral 

(years) ureteral ureteral diameter 
length (mm) length (mm) (mm) 

1-3 7 3 1.4 

3-6 7 3 a7 

6-9 9 4 2.0 

9-12 12 6 1.9 


Adapted from Cussen, with permission. 
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Figure 42.4 Orifice morphology (endoscopic view): (a) 
normal cone-shaped orifice; (b) stadium orifice; (c) 
horseshoe orifice; (d) lateral pillar defect; and (e) golf- 
hole orifice. (Reproduced from Glassberg et al,?! with 
permission.) 


(e) 


described another orifice configuration — the lateral 
pillar defect - which probably represents a type of 
ureter—trigone abnormality between horseshoe and 
golf-hole orifices.25 Although endoscopic appearances 
of ureteric orifices are no longer considered particu- 
larly reliable clinical indicators of VUR (especially in 
low- to moderate-grade situations), these observa- 
tions provide insight into the overall mechanism of 
competence of the UVJ (Figure 42.4). 


Demographic features of vesicoureteral 
reflux 


In most cases, VUR is discovered clinically after 
investigation of either UTI or antenatal hydronephro- 
sis. In children without UTI or any other urologic 
problems, the true incidence of VUR is difficult to 
ascertain but may be in the order of 0.4-1.8% of the 
overall pediatric population.”°77 In contrast, the inci- 
dence of VUR in children with UTI is typically 
around 30-50%, with an even higher incidence in 
infants.28-30 Hydronephrosis is identified antenatally 
in about 1 of every 500-1200 live births, and VUR is 
identified in about 25% of these infants undergoing 
postnatal evaluation.*}%? Infants with antenatally 
detected VUR show a male preponderance in con- 
trast to older children who are diagnosed with VUR 
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direct effect of bacterial infection on ureteral smooth 
muscle function could conceivably induce ureter-trig- 
onal dysfunction, thereby facilitating VUR. Since 
UTI is also known to induce bladder hypercontractil- 
ity and lower compliance, a combined challenge of 
both ureter and bladder muscle dysfunction by UTI 
may well cause VUR in patients with marginally 
competent UVJ. 

Clinically, it had been suggested that VCUG per- 
formed at the time of ongoing UTI might ‘falsely’ 
demonstrate VUR, which was not present when the 
urine was sterile. Gross and Lebowitz surveyed over 
600 children undergoing cystographic evaluation for 
VUR and found no evidence of increased VUR in the 
setting of positive urine cultures. In other words, 
their data did not support the notion that VUR was 
caused by UTI. 


Role of lower urinary tract function in 
vesicoureteral reflux 


In infants and children, abnormal lower urinary tract 
function often coexists with VUR without any appar- 
ent neurogenic or anatomic pathology. These obser- 
vations suggest a possible role for lower urinary tract 
function in the pathogenesis of VUR and its implica- 
tion in the clinical management of VUR. 

Infantile bladder has been shown to have a higher 
voiding pressure. Urodynamic studies have shown 
that this may be the result of imperfect coordination 
between detrusor contraction and sphincter relax- 
ation.>!52 This pattern of immaturity typically disap- 
pears after 2 years, and is thought to result from lack 
of integration between the bladder, the external ure- 
thral sphincter, the brainstem, and the higher cortical 
centers. Compared with normal infants, those with 
VUR have even higher voiding pressure and abnor- 
mal bladder function, even in the absence of UTI.5! A 
discoordinated pattern of voiding was the most 
common urodynamic abnormality in both male and 
female infants with VUR. Another urodynamic 
abnormality — abnormally high voiding pressure with 
small functional bladder capacity or poor bladder con- 
tractility with inadequate emptying — was seen pri- 
marily in boys. Other clinicians have also noted an 
increased incidence of bladder ‘hypercontractility’ in 
infant boys with VUR.*? In a fetal sheep model of 
VUR, defunctionalization of UVJ (surgical unroofing 
of the submucosal ureter) was insufficient to produce 
VUR reliably in females, who also required a partial 
ligation of the urethra in order to reproduce a similar 


degree of VUR as seen in males with UVJ unroofing 
only.” Such experimental observation, along with 
VUR-associated urodynamic abnormality analogous 
to that seen in boys with posterior urethral valves, led 
to speculation that transient urethral obstruction may 
be the cause of infantile VUR in some cases. 

The abnormal urodynamics seen in infants with 
VUR may also imply a global maldevelopment of the 
trigone and proximal urethral mechanism, which 
need to funnel open in coordination with detrusor 
contraction in order to induce efficient, low-pressure 
emptying. Godley and colleagues studied the clinical 
outcome of infants with VUR in relation to overall 
renal status and bladder function and found that those 
infants with abnormal kidneys were more likely to 
have abnormal bladder function as well as failure of 
VUR resolution.” These observations further sup- 
port the notion that the entire spectrum of VUR 
disorder — reflux, renal anomaly, and bladder dys- 
function — may result from the primary maldevelop- 
ment of the ureter—trigonal complex. 1722 

Symptoms of pediatric voiding dysfunction — fre- 
quency, urgency, and enuresis — are a manifestation of 
detrusor instability (DI) and/or detrusor-sphincter 
dyssynergia (DSD), and they are often found in 
patients with UTI and VUR. A study of over 360 
children with dysfunctional voiding found that 60% 
of children had UTI and 20% had VUR.56 The Euro- 
pean branch of the International Reflux Study found 
the presence of dysfunctional voiding in 18% of over 
300 children with VUR and UTTI.°” Urodynamic 
investigation showed that detrusor instability may be 
found in up to 60% of children with VUR.585? 
Despite these well-documented associations, it is 
unlikely that VUR is directly initiated by DI in most 
cases. Many more children have DI than VUR. There 
are also reports showing no statistical causal associa- 
tion between DI and VUR.® However, in patients 
with marginally competent UVJ, DI may exaggerate 
the VUR. It is generally accepted that unrecognized 
DI can delay the resolution of VUR, and there are 
reports that the treatment of DI with anticholinergics 
can facilitate VUR resolution.®*:©! Some studies, 
however, have not shown any beneficial effect of anti- 
cholinergic therapy in the elimination of VUR.6? 
Although DI may not induce VUR directly, it plays 
an important role in the overall pathophysiology of 
the VUR-UTI-nephropathy complex. The presence 
and severity of dysfunctional voiding symptoms cor- 
related significantly with the persistence of VUR 
during medical management and further correlated 
with UTI recurrence regardless of surgical correction 
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of VUR.” In fact, the mutual association of DI and 
VUR to UTI may explain its clinical coexistence in 
many clinical scenarios. Whether the combined chal- 
lenge of UTI and abnormal bladder dynamics leads to 
the secondary (or acquired) VUR or merely discloses 
pre-existent primary VUR, it is clear that they are 
critical cofactors to contend with in the overall man- 
agement of patients with VUR. 


Concluding remarks 


Although VUR remains a significant and commonly 
encountered clinical problem in pediatric urology, it 
may be a normal transitory phenomenon in many 
species and in some humans. It is a dynamic process 
that involves an anatomic and functional anomaly and 
maldevelopment of the ureter-trigone complex and 
the UVJ, as well as the effects of UTI and lower uri- 
nary tract dysfunction. The clinical significance of 
VUR must be interpreted in the context of global uri- 
nary tract anomalies, including bladder dysfunction, 
inherent predisposition to UTI, and congenital/ 
acquired reflux nephropathy. 
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In a child with vesicoureteral reflux (VUR), the pri- 
mary goal of therapy is to prevent pyelonephritis, 
because repeated upper urinary tract infection (UTI) 
can lead to renal scarring, hypertension, reduced 
somatic growth, renal insufficiency, and end-stage 
renal disease. In addition, reflux-related complications 
during pregnancy may occur. If a child already has 
reduced renal function, then additional treatment may 
be necessary to preserve existing renal function as the 
child grows. 

Non-surgical therapy is based on the principle that 
reflux often resolves over time, and that sterile reflux 
is not harmful to the kidneys and has no significant 
effect on renal function. In addition, the morbidity or 
complications of reflux can be prevented by prevent- 
ing infection. In contrast, the principle of surgical 
therapy is that the complications of reflux and non- 
surgical therapy can be prevented with surgical cor- 
rection of reflux. The benefits and risks of these two 
approaches must be considered when deciding on a 
course of therapy. 

Non-surgical therapy consists of: 


1 Antibiotic prophylaxis: 
E daily 
E intermittent (i.e. treatment of UTIs as they are 
diagnosed). 
2 Bladder training. 
3 Treatment of voiding dysfunction: 
E anticholinergic 
E a-blocker 
E treatment of constipation 
E biofeedback. 
4 Periodic assessment of reflux and child well-being: 
E serial urinalysis/urine culture 
E serial voiding cystourethrogram (VCUG) or 
radionuclide cystogram 
E serial upper urinary tract studies 
E serial assessment of blood pressure and renal 
function. 


The approach to each child is individualized and takes 
into account the child’s gender, reflux grade, age, pre- 
sentation (UTI, sibling screening, antenatal diagno- 
sis), renal status at the beginning of therapy, 
compliance with treatment, likelihood of reflux reso- 
lution, as well as parent and child preferences. 


Reflux resolution 


The decision to choose non-surgical management in a 
child with reflux is based on the fact that reflux often 
resolves, and when it resolves, the risk of upper tract 
infection is less. The reason that reflux resolves spon- 
taneously is uncertain. Presumably it occurs with 
bladder growth and with bladder functional matura- 
tion. Whether the intramural tunnel length increases 
is unproved. 

There are several difficulties in analyzing reported 
rates of reflux resolution: 


1 The reflux grading scale has been modified over time 
and has increased from three to five different grades. 

2 Some series only report ureteral resolution, 
whereas others only report patient resolution, 
which is more relevant. 

3 Some centers utilize radionuclide cystography for 
grading rather than contrast VCUG. 

4 Some series combine children with single and 
duplicated collecting systems, although reflux in 
the latter may be less likely to resolve sponta- 
neously. 

5 Reflux may be intermittent, and show resolution, 
only to reappear if a VCUG is repeated 1 year 
later.! 

6 Follow-up among various case series has been vari- 
able, and a significant number are lost to follow-up. 


The best data on reflux resolution come from the few 
randomized prospective trials and a few retrospective 
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Table 43.1 Reflux resolution of children, by grade 


case series from centers with a commitment to non- 
surgical management. -° 

It is impossible to predict whether a specific child 
will show spontaneous reflux resolution. In the past, 
cystoscopy was performed at some centers to try to 
measure ureteral tunnel length, but in most children 
cystoscopic findings failed to correlate with likelihood 
of resolution. The exception, however, was that if the 
ureteral orifice was patulous or hydrodistended signif- 
icantly, resolution was uncommon. 1° 

Reflux resolution is most likely in younger children 
and those with lower reflux grades (Table 43.1). The 
American Urological Association (AUA) Vesi- 
coureteral Reflux Practice Guidelines Committee ana- 
lyzed the raw data from the series published by Skoog 
et al? Arant,! and the International Reflux Study, 
European Arm* to develop the curves in Figure 
43.1.1415 In their analysis, at 5 years, approximately 
92% with grade I and 81% with grade II showed 
reflux resolution, irrespective of age at presentation or 
whether the reflux was unilateral or bilateral. In con- 
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Figure 43.1 


trast, in grade II, resolution was highest for unilat- 
eral grade III reflux in children <2 years (70%) and 
lowest for children with bilateral grade II reflux >5 
years at diagnosis (12.5%). The data for grade II 
reflux in children >5 years at diagnosis were based on 
27 children. In the series by Greenfield et al, for chil- 
dren with grade III reflux, resolution was similar irre- 
spective of age at presentation.!* In the combined 
series, unilateral grade IV reflux resolved in 58% at 5 
years, whereas only 10% of those with bilateral grade 
IV reflux resolved. For grade IV reflux, age was not 
stratified because of small patient numbers. 

Beyond 5 years, few data are available. Reflux can 
resolve during adolescence, but there are no pre- 
dictable features. For example, in the series by 
Lenaghan, reflux resolution was reported in 20%, but 
their patients were not studied systematically.!° In a 
long-term follow-up of the International Reflux 
Study, at 10 years following study entry, in the chil- 
dren randomized to medical therapy, 73% of those 
with unilateral grade III or IV reflux had resolved.° In 
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lowing presentation.’°'25 A, grades I, Il and IV reflux. B, grade III reflux by patient age at presentation. (Reproduced 


from Elder.'4) 
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children with grade IM/IV reflux on one side and 
grade I/II on the other, 49% had resolved, and in 
those who presented with bilateral grade III/IV 
reflux, only 39% resolved. 


Antibiotic prophylaxis 


The cornerstone of UTI prevention is daily antimi- 
crobial prophylaxis. The basis for prophylaxis is that, 
in the 1960s and 1970s, children with reflux were 
managed by treating each UTI as it occurred. 
Lenaghan et al reported that in children with pre- 
existing scars, 66% developed new scars, and in chil- 
dren who had normal kidneys, 21% developed new 
scars.!° The average age of boys was 1 year and of 
girls was 7 years. Most new scars were observed in 
girls. Lenaghan concluded that intermittent therapy 
of UTI was associated with an unacceptably high rate 
of new scar formation in children with reflux. Govan 
et al reported that 50% of girls with reflux had a UTI 
during the observation period and 20% had febrile 
UTI.’” Scarring was most likely to occur in those 
with dilating reflux, but 23% with grade I reflux 
developed new scarring. In a non-randomized study, 
O’Donnell et al found that 35% of refluxing children 
followed without prophylaxis developed new scars, 
compared with 9% who were placed on prophy- 
laxis.!8 From these studies, it was concluded that girls 
with reflux were more likely to develop renal scars 
than boys, that scars could occur at any age, children 
with mild reflux were susceptible to scar formation, 
and that scarring could occur in normal kidneys. 

In contrast, there is a generous body of literature 
supporting the effectiveness of continuous prophy- 
laxis. In a prospective evaluation of 203 children with 
all grades of reflux, Goldraich and Goldraich found 
that only 3% developed new scars, and these were 
associated with UTI.2 None of the new scars occurred 
in children over 4 years. Consequently, they recom- 
mended discontinuing prophylaxis after age 5 years. 
In contrast, in a prospective multicenter trial of chil- 
dren <5 years of age with grades I, II, or III reflux, 
Arant found that 34% developed a breakthrough UTI 
and 8% developed new scars.! In this series, compli- 
ance with the antibiotic regimen was highly variable, 
ranging from 12% to 75%. Skoog et al retrospec- 
tively evalutated 545 children with grades I through 
IV reflux from 6 months to 10 years on continuous 
prophylaxis.* Overall, only three children (0.5%) 
developed a new scar and two of the three children 
had a documented breakthrough UTI. 


Although there is general agreement that antibiotic 
prophylaxis is effective in preventing UTI in children 
with reflux,!? the ideal antimicrobial for prophylaxis is 
uncertain. Typical medications include nitrofurantoin, 
trimethoprim-sulfamethoxazole, and trimethroprim 
alone. Generally a dosage that is one-quarter to one- 
half of the full dose is prescribed and administration at 
bedtime theoretically yields the optimal benefit. Poten- 
tial adverse effects of nitrofurantoin suspension 
include gastric upset, nausea, and a very poor taste to 
the medication. Use of nitrofurantoin macrocrystals in 
a capsule can obviate these problems. In young chil- 
dren the capsule may be opened and the macrocrystals 
can be mixed with food or formula. More serious side 
effects are rare, with one study documenting only 40 
reports out of 8.6 million uses.?? Trimethoprim-sul- 
famethoxazole is generally well tolerated, although 
Uhari et al reported that the medication was changed 
because of adverse effects in 15% of children receiving 
sulfonamides and 8% receiving trimethoprim.”! The 
most common adverse effect is allergic skin reaction, 
usually from the sulfa component. This problem may 
occur following several weeks or months of therapy, 
but anaphylaxis is rare. Although neutropenia, throm- 
bocytopenia, and/or eosinophilia occur in 12-34% of 
children receiving full-dose _ trimethoprim-sul- 
famethoxazole for only 10 days,?? the incidence of 
these side effects in children receiving prophylactic 
dosages for as long as 1 year is quite low.”* Photosen- 
sitivity is another concern with sulfa-based antimicro- 
bials. Another potential problem is dental caries 
secondary to the fructose in the liquid preparation, but 
this problem can be prevented by having the children 
brush their teeth after taking the drug. The most seri- 
ous potential side effect is Stevens-Johnson syndrome, 
but this reaction is extremely rare. 

In babies up to 2 months of age, amoxicillin or 
cephalexin (50-75 mg once or twice daily) should be 
prescribed instead of a sulfa-based antibiotic, because 
of potential hepatic toxicity. Nitrofurantoin is also 
contraindicated in infants <2 months old. 

Some have questioned whether antibiotic prophy- 
laxis is necessary. Garin et al recently performed a ran- 
domized prospective trial comparing prophylaxis 
with no prophylaxis in children with vesicoureteral 
reflux diagnosed following pyelonephritis.7* The 
study showed no clinical advantage to administering 
prophylaxis. However, there were only 45 patients in 
each treatment group, making it impossible to 
develop sufficient study power. In addition, patients 
were only studied for one year. The National Insti- 
tutes of Health has sponsored a new protocol com- 
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paring the outcomes in children with and without 
prophylaxis in Cleveland. Children 6 months to 6 
years with grades I through IV will be studied; half 
will be assigned to antibiotic prophylaxis and half to 
no prophylaxis. 


Breakthrough urinary tract infection 


In girls who are receiving antibiotic prophylaxis for 
recurrent UTI, those with reflux and those with void- 
ing dysfunction are most likely to develop a break- 
through UTI.?5 In boys with reflux, those who are 
uncircumcised are most likely to develop a break- 
through UTI.”° In both sexes, children with scarring 
on a dimercaptosuccinic acid (DMSA) scan are at 
greatest risk for breakthrough UTI. If the child has a 
febrile UTI, consideration should be given to obtain- 
ing a DMSA renal scan to determine whether there is 
acute pyelonephritis, which was found in 17% of 
refluxing children.?” Children with acute pyelonephri- 
tis are at risk of developing new renal scarring, and 
prompt treatment of these children is necessary. 

A breakthrough UTI is an indication of failure of 
non-surgical management, and surgical therapy 
should be considered, particularly if the UTI was 
febrile. In children with a breakthrough UTI with 
symptoms of cystitis, an alternative is to prescribe an 
antibiotic to which the breakthrough organism is sen- 
sitive, or to use ‘double prophylaxis’, in which both 
trimethoprim-sulfamethoxazole and nitrofurantoin 
are administered daily.?4 


Discontinuing antibiotic prophylaxis 
(expectant management) 


UTI in girls occurs most commonly in those between 
birth and 5 years and in adulthood. In uncircumcised 
boys the risk of UTI is greatest in those up to 6 
months of age?® and then it drops off considerably, 
corresponding to the time of spontaneous retraction 
of the prepuce. Thereafter, the risk of UTI in uncir- 
cumcised boys is slightly higher than in circumcised 
boys. The risk of UTI in circumcised boys with reflux 
has not been studied systematically but appears to be 
lower than in uncircumcised boys.?° 

In selected patients it seems reasonable to discon- 
tinue prophylaxis. Cooper et al retrospectively evalu- 
ated 51 children, selected from their practice over a 
period of 14 years, with grades I-IV VUR in whom 
prophylaxis had been discontinued.”? All children had 
a normal voiding pattern and began expectant man- 
agement at a mean age of 8.6 years. All had an annual 


renal sonogram and a biannual radionuclide cys- 
togram. These children were followed for a mean of 
3.7 years. A UTI occurred in 5/40 girls and 1/11 
boys. All of the UTIs in the girls were febrile, and 
these children underwent ureteral reimplantation. All 
of the children with UTI had grade III VUR at pre- 
sentation and four of the six who developed a UTI 
still had bilateral VUR when the prophylaxis was dis- 
continued. The reflux resolution rate was 20%, and 
no children developed evidence of new renal scarring 
on follow-up sonography or underwent DMSA renal 
scintigraphy. In a similar study, Al Sayyad et al retro- 
spectively reviewed 78 children with VUR (94% 
grade I or II), in whom prophylaxis was discontin- 
ued.?° All had a normal voiding pattern. The mean 
age at discontinuation of prophylaxis was 5.7 years. 
Of the 67 girls, nine developed a UTI, but only one 
had a febrile UTI. All had a normal renal sonogram 
on follow-up. Taken together, these two studies sug- 
gest that prophylaxis may be unnecessary in some 
children with VUR, if their voiding pattern is normal. 
In addition, boys with VUR seem to be at signifi- 
cantly lower risk for febrile UTI, particularly those 
with lower grades of VUR. It is unresolved whether 
children with VUR who were detected by sibling 
screening or screening following detection of a multi- 
cystic kidney or renal agenesis have a lower risk of 
reflux-related complications than children who were 
diagnosed with reflux following a UTI. 

Although antibiotic prophylaxis may be unnecessary 
in the short term, female patients and their families 
should understand that if there is ongoing VUR into 
adulthood, then these women may be at increased risk 
of clinical pyelonephritis, particularly in association 
with pregnancy and onset of sexual activity. For exam- 
ple, Smellie et al studied 226 adults with a history of 
UTI and VUR as children.” Of the group, 23% had 
VUR at most recent follow-up. Overall, 39% of the 
adults without VUR had UTI in adulthood, com- 
pared with 38% of adults who still had VUR. No new 
scars were observed after age 4 years. However, clini- 
cal pyelonephritis occurred in 8/168 (5%) of those 
without reflux compared with 9/53 (17%) of those 
who were still refluxing. In a similar study, Martinell 
et al reported on 107 girls with clinical pyelonephritis 
at a mean age of 7.1 years and followed for 13-38 
years.*! Using excretory urography, 18 girls developed 
new scars in previously normal kidneys, and 28 kid- 
neys with scarring developed progressive scarring. The 
highest risk factors for new or progressive scarring 
were UTI and clinical pyelonephritis. VUR can be dis- 
covered in adult women with a febrile UTI. Kohler 


Non-surgical management of VUR 667 


Table 43.2 Disfunctional voiding scoring system 


Date: 
Patient Name: 
Hospital Number: 
Reason for Referral: 
Over the last month Almost Less than About half Almost Not 
never half the time the time everytime available 
1 | have had wet clothes or wet underwear 0 1 2 3 NA 
during the day 
2 When | wet myself, my underwear is soaked 0 1 2 3 NA 
3 | miss having a bowel movement every day 0 1 2 3 NA 
4 | have to push for my bowel movements 0 1 2 3 NA 
to come out 
5 | only go to the bathroom one or two 0 1 2 3 NA 
times each day 
6 | can hold onto my pee by crossing my 0 1 2 3 NA 
legs, squatting, or doing the ‘pee dance’ 
7 When | have to pee, | cannot wait 
8 | have to push to pee 0 1 2 3 NA 
9 When | pee it hurts 0 1 2 3 NA 
10 Parents to answer. Has your child No (0) Yes (3) 


experienced something stressful like the 
example below? 
Total 


Reproduced from Farhat et al,4° with permission. 


reported on 115 adult women with VUR discovered 
after 16 years of age;3? 73% of the refluxing kidneys 
had evidence of reflux nephropathy, even though the 
reflux grade was I or II in most cases. This group has 
also reported that adult women with a history of clin- 
ical pyelonephritis and VUR who underwent surgical 
reflux correction had significantly fewer febrile UTIs 
than those women who had persistent VUR.?? Several 
other studies have demonstrated that women with 
VUR have a higher risk of febrile UTI compared with 
those without VUR.*+%° In most of these cases the 
reflux grade was low. Taken together, these studies 
suggest that if there is persistent VUR in a female 
child, open surgical or endoscopic correction should 
be considered, even though the child may be doing 


well on expectant management. 


Bladder training 


Bladder training refers to regular, volitional, complete 
emptying of the bladder through behavioral condi- 
tioning to achieve balanced, low-pressure voiding 
with coordinated relaxation of the external sphincter 
and pelvic floor during voiding. The goal of bladder 
training is to reduce the likelihood of developing UTI 


and reduce voiding pressure. Infrequent voiding, 
detrusor—-sphincter dyssynergia, and constipation can 
increase the likelihood of bacteriuria.2# Measures 
include a voiding schedule every 2-3 hours, complete 
bladder emptying during micturition, re-education in 
proper voiding dynamics if voiding dysfunction is 
present, and elimination of constipation. The practice 
also includes genital and perineal hygiene. Although 
these recommendations are practical, no firm evi- 
dence exists that a specific regimen is beneficial. 


Voiding dysfunction 


Voiding dysfunction refers to disturbances in normal 
bladder or bowel function. Many children with VUR 
and UTI have elements of voiding dysfunction.3”-%° 
The spinning top deformity of the urethra seen on the 
voiding film of the VCUG in some girls, and a similar 
appearance of a dilated prostatic urethra in boys 
(although the latter could be secondary to posterior 
urethral valves), may be suggestive signs of voiding 
dysfunction. Typically, some degree of bladder trabec- 
ulation is observed in these children also. “Dysfunc- 
tional elimination’ refers to children who have 
constipation as well as infrequent voiding or difficulty 
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with overactive bladder contractions. Children with 
VUR and dysfunctional elimination have a higher rate 
of breakthrough UTI compared with those without 
dysfunctional elimination.*?# For example, Snodgrass 
reported 128 children with VUR identified prospec- 
tively who answered a questionnaire pertaining to 
voiding dysfunction.*® Of the girls, 43% with voiding 
dysfunction had breakthrough UTI compared with 
11% with a normal voiding pattern. Similarly, Koff et 
al retrospectively studied 143 children with VUR who 
were old enough to be toilet trained.*? Breakthrough 
UTIs were four times more common in children with 
dysfunctional elimination, and there was a longer time 
to spontaneous resolution of VUR in affected children. 
Furthermore, unsuccessful surgical outcomes were 
observed only in children with voiding dysfunction. 

To help assess whether voiding dysfunction is pre- 
sent, Farhat et al reported a validated Dysfunctional 
Voiding Scoring System (DVSS), which consisted of 
10 questions pertaining to urinary and bowel habits 
(Table 43.2).4° Subsequently, this group applied the 
DVSS to children with reflux in a retrospective study. 
In children with a high symptom score managed with 
behavioral modification, those with a significant 
reduction in symptom score were most likely to show 
reflux resolution or improvement, whereas those with 
only a minor reduction in symptom score tended to 
have persistent reflux.*! Prospective trials of this type 
of scoring system are necessary. 


Anticholinergic therapy 


Children with an overactive bladder typically have 
urgency, frequency, and/or urge incontinence. When 
girls with this condition sense a sudden bladder con- 
traction, they often cross their legs or squat down on 
their foot to try to prevent incontinence. In these chil- 
dren, a combination of anticholinergic therapy and 
timed voiding may be beneficial.4? The anticholiner- 
gic is administered according to the incontinence pat- 
tern of the specific child. Most children with an 
overactive bladder experience incontinence through- 
out the day and night, and these children should 
receive the medication so that the effect lasts for 24 
hours. Other children may be incontinent only during 
the day, and these children do not need night-time 
medication. Typically, oxybutynin chloride 2.5-5 mg 
tid is prescribed. The medication is available as a tablet 
or suspension. Typical side effects include xerostomia 
(dry mouth), facial flushing, reduced sweating, con- 
stipation, and, less commonly, blurred vision and 
drowsiness. Side effects are dose related and may be 


eliminated with dose reduction. Other antimuscarinics 
include hyoscyamine, which is available as a sublingual 
tablet, 0.125-0.25 mg qid or as a capsule taken twice 
daily; tolterodine, 1-2 mg bid; and trospium, 
10-25 mg daily in two doses.4? These medications 
have the same potential for side effects as oxybutynin, 
but their incidence and severity are less. These med- 
ications are also available as long-acting tablets taken 
once daily or as a patch applied twice weekly, and these 
formulations may be more effective than the shorter- 
acting drugs.##4 Although these medications are not 
specifically approved for use in children, they are uti- 
lized in many centers, but their dosage and timing of 
administration need to be individualized and closely 
monitored. Other antimuscarinics being studied 
include darifenacin and solifenacin. On the other 
hand, a recent meta-analysis of the few randomized 
controlled trials of anticholinergic therapy in children 
found that there is no evidence that they are beneficial 
in the treatment of overactive bladder.*> The benefi- 
cial effect attributed to anticholinergic medications 
may be due in part to a placebo effect. 

Anticholinergic therapy may be a beneficial thera- 
peutic modality in children with reflux and an overac- 
tive bladder, in that there is an increased likelihood of 
spontaneous reflux resolution in children treated with 
anticholinergics. 46:47 


&-blocker therapy 


Some children with voiding dysfunction have pelvic 
floor overactivity and have significant postvoid resid- 
ual urine volumes. These children may benefit from 
o-blocker therapy. In a prospective randomized double- 
blind trial of 38 children, Kramer et al found that dox- 
azosin 0.5 mg resulted in a reduction in incontinence 
episodes, compared with no change in the placebo 
group.*8 The differences were not statistically signifi- 
cant, because of small patient numbers. There was 
significant subjective improvement, however, in the 
children receiving doxazosin. A larger trial is necessary 
to determine whether o-blocker therapy is beneficial. 


Treatment of constipation 


Dysfunctional elimination syndrome is a common 
component of children with UTIs and reflux.*? Treat- 
ment of constipation is an important component of 
therapy. Numerous bowel regimens are available. 
Polyethylene glycol 3350 is a tasteless powder that 
can be mixed with any liquid and is useful as a single- 
agent laxative. In a retrospective study of 46 children 
with voiding dysfunction and constipation treated 
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with this laxative, 39% became dry and 57% had 
improved urinary continence.4? Voided volume 
increased significantly and postvoid residual urine 
volume decreased significantly. 


Biofeedback 
In children with dysfunctional voiding, typically there 


is inconsistent relaxation of the external sphincter 
during voiding. This pattern may occur because of 
repeated unstable bladder contractions that cause the 
child to tighten his or her sphincter, as opposed to a 
normal pattern in which the sphincter is relaxed 
during a detrusor contraction. Many of these children 
demonstrate a staccato voiding pattern on a uroflow 
study. Biofeedback may be useful, not only to estab- 
lish a normal pattern of sphincteric relaxation during 
voiding but also to reduce or eliminate the need for 
anticholinergic medication for the overactive bladder. 
A typical treatment session might include a uroflow 
study, sonographic evaluation of postvoid residual 
urine volume, and a l-hour session with perineal 
patch electrodes for electromyography (EMG). The 
child watches the sphincter activity on a television 
screen, and learns to contract and relax the external 
sphincter, which are essentially Kegel exercises. In 
addition to this simple office setup, video games have 
been developed that help the child coordinate sphinc- 
ter tone.°? An alternative is to simply teach the child 
pelvic floor exercises without using sophisticated uro- 
dynamic equipment.*! 

The concept of biofeedback is that children may 
have difficulty isolating their external sphincter, and 
biofeedback sessions allow them to learn sphincteric 
relaxation, which is necessary as a prerequisite to 
normal bladder emptying. In addition, these pelvic 
floor exercises may also ameliorate unstable bladder 
contractions. It is important that children perform 
these exercises daily, although no definite regimen is 
used. Several monthly sessions are necessary to rein- 
force the importance of the treatment, as well as deter- 
mine whether voiding patterns are improving and 
whether residual urine volumes are decreasing. Sub- 
sequently, the sessions can be spaced further apart. 

Most reports of biofeedback for the management of 
voiding dysfunction have been favorable.50-55 Some 
treatments utilize biofeedback in children with symp- 
toms of an overactive bladder that do not respond to 
anticholinergic therapy and timed voiding, whereas 
other treatments use it as an alternative to anticholin- 
ergic medication. However, it is uncertain how often 
anticholinergic therapy can be reduced or eliminated 


in children with an overactive bladder. Some centers 
have reported that the need for antireflux surgery was 
eliminated in many cases”? and that the likelihood of 
reflux resolution was higher in children submitted to 


biofeedback.°° 


Follow-up assessment 


Screening for urinary tract infection 


In a child with VUR, periodic surveillance is generally 
recommended to monitor for UTI, because the com- 
plications of reflux often occur when infection is pre- 
sent. However, no guidelines exist for frequency of 
monitoring (e.g. monthly, every 3 months), or type 
(urine dipstick, dipstick with 
microscopy, urine culture, or a combination).!+ Most 
children with a UTI are symptomatic, with fever and 
abdominal/flank pain for an upper tract infection, or 
they experience dysuria, urgency, frequency, and pos- 
sibly incontinence and malodorous urine with a lower 
tract infection. There is no evidence that periodic 
screening of asymptomatic children with VUR for a 
UTI is beneficial. Consequently, if the child is sus- 
pected of having a UTI, a urine culture should be 
obtained. If the child has symptoms of upper tract 
infection, approximately 17% will have evidence of 
acute pyelonephritis on a DMSA renal scan.?” 


of surveillance 


Follow-up cystography 


In a child receiving medical therapy, follow-up cys- 
tography is generally performed every 12-18 months. 
Some prefer a radionuclide cystogram, because the 
radiation dose to the gonads is significantly less than 
with a standard contrast cystogram.>” Unfavorable 
prognostic factors include demonstration of reflux at 
less than 60% of bladder capacity and reflux volume 
>2% of bladder capacity.58°? Demonstration of 
intermittent reflux is common. However, the assess- 
ment of reflux grade or severity is not entirely com- 
parable with a contrast cystogram. With digital 
fluoroscopy equipment and a tailored contrast cys- 
togram performed by a pediatric radiologist, the radi- 
ation exposure can be kept to a minimum.°? 
Non-compliance with follow-up visits is common; 
in one large study it was 33%.°! Seeing the patient at 
least annually allows the clinician to reassess the 
child’s voiding and bowel habits, dosage of medica- 
tion, and status of the kidneys and reflux. One reason 
for non-compliance in children who are doing well on 
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antibiotic prophylaxis is the trauma of the 
VCUG.6263 There are several other potential strate- 
gies to consider. 

First, a children’s hospital is more likely to provide 
the support services, such as Child Life, as well as 
radiologic personnel who recognize a child’s special 
needs. Zelikovsky et al found that coping skills 
training and parent coaching were beneficial. 

One option is to reduce the frequency of VCUG in 
children with reflux. In 1992, the AUA Vesi- 
coureteral Practice Guidelines Committee reported a 
survey of various specialists in their practice patterns 
pertaining to reflux, and found that general urologists 
recommended performing a VCUG as often as every 
6 months.°° However, the likelihood that grade II 
reflux will resolve is only 18% per year, and for uni- 
lateral grade IV reflux the chance is only 8% per year. 
Thompson et al used the AUA Reflux Guidelines data 
for reflux resolution and proposed that a VCUG be 
performed every other year for children with mild 
reflux and every 3 years for children with moderate or 
severe reflux.” This practice would significantly 
reduce the number of VCUGs and medical costs of 
treatment. Whether long-term compliance would be 
maintained is questionable. 

An alternative to the standard VCUG is to admin- 
ister either oral or nasal midazolam in selected chil- 
dren undergoing a VCUG, because it provides 
anxiolysis and anterograde amnesia. The medication 
takes effect in 10-20 minutes, and no anesthesiologist 
or anesthetist is present. A registered nurse checks 
vital signs every 10-15 minutes. In this author’s ini- 
tial report, 60% remembered none of the study, 
whereas 31% remembered part or all of the procedure 
but did not have a negative experience.© No child 
had a change in vital signs or oxygen saturation. More 
recently, the benefit of midazolam before VCUG was 
demonstrated in prospective randomized trials.°-7° 

Several other options include the use of lidocaine 
jelly to lubricate the catheter,”! the use of continuous- 
flow 50% nitrous oxide before catheterization,” and 
self-hypnosis.”9 


Upper tract imaging 


Regular upper tract imaging with sonography or a 
DMSA renal scan allow the clinician to assess renal size 
and development of renal scarring. There are no stan- 
dards regarding the timing of follow-up or type of 
imaging. However, if there has not been a sympto- 
matic UTI, it is highly unlikely that a new scar will 


develop. Ina retrospective study of 64 consecutive chil- 


dren with low- and medium-grade reflux and a normal 
renal sonogram, Lowe et al found that all 128 renal 
units remained normal in follow-up.”4 In contrast, 
with a febrile UTI, in a prospective trial, Szlyk et al 
reported that 17% had changes of acute pyelonephri- 
tis on a DMSA renal scan,” and these patients are 
those at risk for developing new renal scars. 


Other assessment 


The AUA Practice Guidelines Committee recom- 
mended that follow-up evaluation be performed at 
least annually, at which time the patient’s height and 
weight should be recorded. If the child has renal scar- 
ring, the blood pressure should also be moni- 
tored.4!5 There are no guidelines regarding 
measurement of renal function, but if there is signifi- 
cant reflux nephropathy, serum creatinine should be 


assessed regularly. 
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Surgery for vesicoureteral reflux 


John W Brock III and Romano T DeMarco 


Introduction 


Multiple techniques for the open surgical repair of 
vesicoureteral reflux (VUR) have been described 
since Hutch first reported the successful correction of 
VUR in 1952.! Although many methods have been 
proposed, most of these techniques have become 
footnotes in the evolution of the surgical manage- 
ment of VUR. Today, most surgeons employ only a 
handful of the previously described repairs. 

The surgical correction of VUR has as its goal, the 
restoration of the flap-valve mechanism absent in chil- 
dren with reflux. Success using any of the described 
open techniques involves the general surgical principles 
of tissue handling with the preservation of tissue vas- 
cularity. Specific surgical tenets of ureteral reimplanta- 
tion surgery include the establishment of an adequate 
submucosal tunnel, a smooth course for the intravesi- 
cal ureter, and an adequate posterior bladder wall for 
submucosal tunnel backing. Whereas newer, less-inva- 
sive, and novel alternatives to antireflux surgery exist, 
open surgical repair of VUR remains the gold standard 
against which all other methods are measured. 


Historical background 


The earliest descriptions of ureteral reimplantation 
surgery appeared in the medical literature near the 
turn of the 20th century. The first reported uretero- 
neocystostomy is credited to Tauffer in 1877 by 
Bovee in a review article on ureteral surgery in 1900.7 
Bovee described 80 cases of ureteral reimplant surg- 
eries, the vast majority performed following acciden- 
tal division of the ureter at the time of laparotomy for 
ureteral fistulae resulting from prolonged labor or for- 
ceps delivery. Subsequently, other innovative proce- 
dures for reimplanting the ureter were described in 
the early part of the 20th century unrelated to the 
treatment of VUR.?? 

In 1952, Hutch reported the successful correction 


44 


of VUR in 7 out of 9 paraplegic patients with a com- 
bined extravesical and intravesical dissection. 
Hodson followed with his findings that VUR was 
more common in children with urinary tract infec- 
tions (UTIs), and that there was a high correlation 
between VUR and chronic pyelonephritis on intra- 
venous pyelography (IVP).!° These landmark papers 
led to further investigations into the treatment of 
VUR and played a pivotal role in the development of 
pediatric urology as a separate subspecialty. 

Following Hutch’s seminal paper, many surgical 
techniques were described. Landmark refinements of 
Hutch’s operation included Politano and Leadbetter’s 
technique of intravesical mobilization of the terminal 
ureter, with subsequent reimplantation through a 
new vesical hiatus and submucosal tunnel.!! Paquin’s 
method summarized several fundamental require- 
ments of successful VUR surgery, including the cre- 
ation of a tension-free ureteral anastomosis and a 
submucosal tunnel length five times longer than the 
diameter of the ureter.!? An extravesical approach 
soon followed, with almost simultaneously reported 
techniques described by Lich and colleagues in the 
United States and Grégoir and Van Regemorter in 
France in the early 1960s.13-14 Glenn and Anderson 
reported success using their modified ureteral 
advancement technique without creating a new mus- 
cular hiatus in the mid-1960s.!5 Cohen subsequently 
modified the ureteral advancement procedure and 
achieved adequate submucosal tunnel length by using 
the posterior aspect of the bladder for cross-trigonal 
tunneling.!° These descriptions, in addition to contri- 
butions by other surgeons over the past 50 years, have 
made open surgical correction of VUR an effective 
and durable surgical treatment. 


Indications 


The surgical indications for VUR should be tailored 
to the individual patient. Absolute indications for 
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surgery include breakthrough UTIs despite prophy- 
lactic antibiotics or because of medical non-compli- 
ance. Relative indications for reimplant surgery 
include the following: persistent grade IV or V reflux; 
VUR associated with congenital abnormalities at the 
ureterovesical junction; renal growth retardation or 
the presence of new renal scars; and dilating reflux 
persisting in girls who have reached full somatic 
growth potential. 

At Vanderbilt Children’s Hospital (VCH), coun- 
seling is initiated at the first clinic visit for those 
patients referred to our office with UTIs and VUR. 
Good voiding mechanics, adherence to daily antibi- 
otic suppression, and avoidance of dysfunctional elim- 
ination issues are repeatedly stressed to both the 
patient and parents. If indications for surgical inter- 
vention are present, other complicating factors, 
including the nature of the infections while on med- 
ical therapy, possible neurologic or non-neurologic 
bladder dysfunction, and the presence of dysfunc- 
tional elimination, are taken into account. Informed 
operative consent and expectations following surgery 
are explained in detail to both parents and child. 


Presurgical techniques 


Cystoscopy 


Cystoscopy can be performed prior to open ureteral 
reimplantation surgery following induction of general 
anesthesia. Cystoscopy should take only a few min- 
utes from positioning to completion. It alerts the sur- 
geon to unexpected anatomic findings not found on 
preoperative imaging studies. Duplication anomalies, 
the presence of small ureteroceles, or evidence of pos- 
terior urethral valves or other urethral abnormalities 
may be found. Bladder trabeculae are seen well during 
cystoscopy and may be related to voiding dysfunc- 
tion. Additionally, acute cystitis (if found during 
endoscopy) delays open surgery until an appropriate 
course of antibiotic therapy has been completed. 
However, cystoscopy is not mandatory in all 
patients and, with the improvement in diagnostic 
imaging techniques, typically adds little information. 
Male patients, those with unclear radiographic find- 
ings, or patients with anatomic abnormalities found 
on preoperative imaging studies are a few of the select 
group of patients who may benefit from endoscopy. 


Positioning 
If cystoscopy is performed, the bladder is left moder- 


ately distended. The child is then positioned supine 
with either a rolled towel placed at the level of the 
upper sacrum or a slight break in the table used to 
raise the lower pelvis and hips (Figure 44.1). All pres- 
sure points are appropriately padded and a wide sur- 
gical prep is performed with the perineum draped and 
exposed within the surgical field. 


Intravesical techniques 


Exposure/initial dissection 


Exposure for all of the intravesical repairs involves a 
series of similar steps before the individual techniques 
diverge during ureteral reimplantation. A Pfannen- 
stiel skin incision is made along an appropriate skin 
crease about one finger breadth above the pubic sym- 
physis (Figure 44.2a). The subcutaneous tissue and 
Scarpa’s fascia are incised the length of the skin inci- 
sion. The anterior rectus sheath is then opened in a 
horizontal fashion with superior and inferior rectus 
flaps created (Figure 44.2b). The rectus muscle bellies 
are then incised in the midline through the linea alba, 
separating the rectus and the pyramidalis muscle. 
Alternatively, the anterior rectus fascia can be opened 
in a vertical fashion, extending the incision posteriorly 
through the linea alba (Figure 44.2c). 

Following the fascial incision, the space of Retzius 
is entered bluntly. The peritoneal reflection is dis- 
placed superiorly, the bladder is visualized, and full- 
thickness bladder wall stay sutures are placed on 
either side of the midline of the bladder. The Denis 


Figure 44.1 A child positioned for ureteral reimplant. 
The legs are gently abducted. A towel placed under the 
sacrum provides a slight rise of the pelvis. 


Surgery for VUR 675 


Brown retractor is a helpful aid in allowing for sus- 
tained exposure. The anterior bladder wall is then 
incised longitudinally, and the inferior edges of the 
bladder wall are sewn to the lower abdominal skin 
edges, immobilizing the inferior aspect of the bladder. 
Moist sponges are packed in the dome of the bladder 
behind the cephalad blade retractor to flatten the pos- 
terior bladder wall and elevate the entire bladder in 
the pelvis, bringing the ureteral orifices into the 
middle of the operative field. Lateral blades are 
secured to the Denis Brown retractor to obtain fur- 
ther exposure. These maneuvers ensure optimal expo- 
sure of the posterior aspect of the bladder and 
trigone. Care must be taken during positioning of the 
Denis Brown retractor to prevent tearing of the blad- 
der incision through the bladder neck region. Also, 
excessive touching, suctioning, or rubbing of the 
bladder mucosa are avoided to prevent edema or 
inflammation of the mucosa, which can lead to bleed- 
ing and difficult mucosal dissection. 

Ureteral dissection begins with intubation of the 
ureter with either a 5 or 3 Fr feeding tube, depending 
on the size of the ureteral orifice. The tube is secured 
to the ureter with a 4—0 silk suture placed in a trans- 


Figure 44.2 (a) A Pfannenstiel skin incision is made 
approximately one finger-breadth above the pubic 
symphysis. (6) The anterior rectus sheath can be 
opened transversely. Superior and inferior rectus flaps 
are then created, and allow for excellent exposure. (c) 
Alternatively, the fascia can be incised longitudinally 
and the rectus bellies separated in the midline. 


verse fashion just inferior to the ureteral orifice, and 
then through the feeding tube which maintains orien- 
tation of the ureter throughout mobilization (Figure 
44.3a). The mucosa is then circumferentially incised 
around the ureteral orifice with an electrocautery 
device in the cutting mode, leaving a several-millime- 
ter cuff of bladder mucosa (Figure 44.3b). The mus- 
cular attachments of the ureter to the bladder are then 
carefully divided with the electrocautery device, using 
the coagulation mode. This dissection involves gentle 
countertraction of the ureter away from the peri- 
ureteral tissue using the feeding tube, in concert with 
judicious use of the cautery device (Figure 44.3c). 
Care is taken to avoid both devascularization and 
injury to the continuity of the ureter. The appropriate 
plane of dissection is achieved if the shiny, reflective 
ureteral wall in Waldeyer’s sheath is seen. As dissec- 
tion proceeds proximally, division of the ureteral 
attachments is taken down further from the ureter to 
avoid devascularization. Ureteral dissection is com- 
pleted after an adequate distance of the ureter has been 
mobilized. A good measure of this distance is for the 
ureter to have enough length to reach the contralat- 
eral bladder wall. An additional clue is the subtle feel- 
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Figure 44.3 (a) The refluxing ureter(s) are intubated with an appropriate-sized feeding tube. The feeding tube is 
secured with a silk stay suture. (b) The mucosa is incised circumferentially around the ureteral orifice with an elec- 
trocautery device. (c) The ureteral attachments are carefully divided, and an adequate ureteral length for reimplant 


is obtained. 


ing of ureteral release the experienced surgeon is alert 
to, which allows the redundant ureter to easily slide 
back and forth in the muscular hiatus (Figure 44.4). 


Politano-Leadbetter repair 


The original Politano—Leadbetter technique described 
in 1958 involved the blind creation of a new supra- 
hiatal muscular location for the ureter.!! Following 
adequate ureteral mobilization as described above, the 
peritoneum is reflected superiorly away from the pos- 
terior aspect of the bladder using the original muscu- 
lar hiatus as a window in which to work through 
(Figure 44.5a). If the muscular opening is not ade- 
quate for exposure, the posterior bladder wall may be 
incised superiorly to allow for better visualization. 
Perivesical crossing vessels, when encountered during 


Figure 44.4 Following ureteral dissection, adequate 
mobilization of the ureters for reimplantation is demon- 


strated. 
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(a) 


(o) (a) 


Figure 44.5 (a) Following adequate ureteral mobilization, the peritoneum and other structures (vas deferens or 
vagina) are displaced under direct vision. The posterior aspect of the bladder may be opened to allow for better 
visualization during this dissection. (b) Once the peritoneum is swept away, a right angle clamp is passed from the 
original hiatus, indenting a region superior and medial to the native hiatus. The electrocautery device incises the 
bladder tissue indented by the clamp. (c) The new hiatus is opened widely with the tip of the right angle clamp to 
allow for accommodation of the ureter. (d) A second right angle clamp is passed from the new hiatus down through 
the original hiatus. 
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Figure 44.5 continued (e) The ureter is then grasped by the second clamp after amputating the distal aspect of the 
feeding tube. (f) The ureter is transferred to the new hiatus and an appropriate submucosal tunnel is created. (g) The 
ureter is brought through the tunnel and secured distally to the new mucosal hiatus. (h) Completed ureteral reim- 
plant. 


division of the bladder wall, are fulgurated. The pos- 
terior bladder wall dissection is performed under 
direct visualization. Blind passage of instruments 
behind the bladder is forbidden because of the risk of 
unrecognized entry into the peritoneum or injury to 
the bowel, vagina, or vas deferens. 

Once the posterior bladder wall is freed from the 
peritoneal reflection, a right angle clamp is passed 
through the original hiatus superiorly under direct 
vision, hugging the posterior wall and indenting the 
bladder wall superiorly, marking the new muscular 
entrance for the ureter (Figure 44.5b). The location of 
the new hiatus is slightly medial and cephalad, typically 
2-3 cm above the original hiatus. Excessive lateral place- 
ment allows for potential kinking and J-hooking of the 


ureter during bladder filling. The mucosa and muscle 
are incised directly on the right angle clamp with the 
electrocautery device, and the right angle tip is deliv- 
ered into the bladder, dilating the opening carefully 
(Figure 44.5c). A second right angle clamp is passed 
through the newly made hiatus inferiorly, and the ureter 
is then transferred to its new muscular hiatus, using the 
amputated feeding tube as a handle (Figure 44.5c-f). 
Careful relocation of the ureter involves ensuring a rel- 
atively smooth entrance of the ureter without acute 
angulations or kinks. The original muscular opening is 
then closed with 3-0 interrupted chromic sutures in a 
buried fashion. Adequate room for the ureter to emerge 
through the new hiatus is measured by the gentle inser- 
tion of the tip of a Schnidt clamp. 
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A submucosal tunnel or mucosal flaps are created 
from the new entrance of the ureter inferomedially 
towards the bladder neck, which is marked with the 
electrocautery device. A modification of Politano and 
Leadbetter’s original method involves increasing the 
submucosal tunnel length by extending the tunnel 
past the native ureteral orifice toward the bladder 
neck. Submucosal dissection is performed carefully 
with tenotomy scissors or the electrocautery device, 
and should proceed with ease through a bloodless 
field if in the correct plane (Figure 44.5f). Once an 
adequate submucosal tunnel has been made, the 
ureter is transferred through the tunnel (Figure 
44.5¢). The feeding tube is then removed, and the 
ureter is spatulated if needed. If excessive ureteral 
redundancy is present, the distal tip of the ureter 
may be excised. Three 6-0 Vicryl sutures are placed 
through the posterior apex of the distal ureter and 
through both bladder mucosa and muscle to secure 
the ureter distally and prevent it from retracting 
back into the tunnel. Then, 6-0 Vicryl mucosal 
sutures are placed circumferentially around the 
ureteral orifice, completing the mucosal anastomosis. 
The original mucosal opening is closed with a fine 
absorbable suture, and if mucosal flaps were created 
they are approximated with a running fine 
absorbable suture (Figure 44h). The bladder is then 
closed in two layers with 3-0 chromic suture in a 
running fashion. 


Cohen's cross-trigonal repair 


Arguably, today’s most popular open technique for 
ureteral reimplantation is the cross-trigonal repair 
described by Cohen in 1975.16 Ureteral dissection is 
performed as described above; however, this method 
typically requires less ureteral mobilization than the 
Politano-Leadbetter technique. The submucosal 
tunnel is created along the posterior bladder wall 
without transferring the ureter to a new muscular 
hiatus, virtually eliminating kinking of the distal 
ureter. The major drawback to this operation is the 
subsequent difficult intubation of the ureteral orifices 
related to their transtrigonal location. 

Following ureteral mobilization, the muscular 
hiatus may need approximation if a patulous opening 
is present. Cinching of the hiatus with a 3-0 chromic 
suture should bring the muscle together tightly but 
allow for the tip of a Schnidt clamp to pass between 
the bladder and ureter. Aggressive closure of the mus- 
cular hiatus can cause kinking with angulation of the 
ureter and possible distal ureteral obstruction. In con- 


trast, too lax of a muscular approximation may lead to 
diverticulum formation. 

During unilateral ureteral reimplantation, a submu- 
cosal tunnel is developed across the posterior bladder 
wall in a cross-trigonal fashion. The new mucosal 
hiatus is created above the contralateral ureteral ori- 
fice. This ureteral position allows for an adequate sub- 
mucosal tunnel. Once the submucosal tunnel is 
created, the ureter is transferred through the tunnel 
using the shortened feeding tube and stay suture as a 
handle. The feeding tube is then removed from the 
ureter. The ureter is spatulated, as indicated, and 
three fine absorbable sutures are placed through the 
lateral, posterior apex of the ureter and the bladder 
mucosa and muscle. Placement of these tacking 
sutures in the correct position creates an appropriate 
lateral vector force on the ureter, preventing medial 
regression of the ureter and loss of the effective sub- 
mucosal tunnel. The newly created ureteral orifice is 
then matured with circumferential fine absorbable 
sutures. The mucosal defect from the old ureteral ori- 
fice is then closed with interrupted fine absorbable 
sutures (Figure 44.6a and b). Prior to closing the 
bladder, the free, smooth passage of a small feeding 
tube rules out excessive ureteral kinking. 

When both ureters are reimplanted, the submu- 
cosal tunnel for the most superior ureter is made with 
the mucosal hiatus located just above the contralateral 
ureter. Subsequently, the other ureter is brought 
across the posterior bladder wall, with the new 
ureteral orifice positioned close to the inferior portion 
of the old contralateral hiatus. Visual inspection of 
the anatomy of the trigone and posterior bladder wall 
aids the surgeon in deciding how to orient the ureters 
with regard to superior and inferior location. At 
times, proper positioning of the submucosal tunnels 
dictates carefully incising the posterior bladder wall 
following peritoneal displacement in a superolateral 
fashion (Figure 44.6b). This leads to a cephalad shift 
of the ureter at the muscular hiatus, and allows for a 
smoother course across the posterior bladder wall for 
the superior-most ureter. Additionally, a lateral, mus- 
cular incision may be performed to recess the ureter 
laterally and can be used to increase the tunnel length 
in small bladders. Following ureteral reimplantation, 
the bladder is closed in two layers using 3-0 chromic 
suture. 


Glenn—Anderson repair 


In 1967, Glenn and Anderson refined and popular- 
ized the intravesical ureteral advancement procedure 
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Figure 44.6 (a) Laterally displaced, refluxing ureteral orifices with an adequate posterior bladder wall for cross- 
trigonal reimplantation. (b) The left ureter was reimplanted using this technique. The native right ureteral orifice 
becomes the new left orifice after reimplant. The right ureteral muscular hiatus is incised superiorly to shift the ureter 
in a cephalad fashion, allowing a smooth tunnel for cross-trigonal reimplant. 


that had been reported by several other 
authors.!5!718 Patients in whom this technique is 
used are selected based upon the location of their 
refluxing ureteral orifice(s) (Figure 44.7a). Those 
patients with laterally displaced ureters and a suffi- 
cient posterior bladder wall are good candidates for 
this procedure. 

Ureteral dissection is performed in a fashion as 
described previously. If the muscular hiatus is gaping, 
the muscle edges are approximated with a buried, 3-0 


chromic suture allowing for an adequate, smooth 
entrance for the ureter (Figure 44.7b). Following 
ureteral mobilization, a mucosal tunnel or mucosal 
flaps are developed from the original mucosal hiatus 
and extended in a caudal fashion to a point marked 
superior to the bladder neck. Once the tunnel or flaps 
are created, the ureter is transferred either through 
the tunnel or placed in the mucosal trough. The 
ureter is then secured distally to the newly created 
mucosal hiatus in a manner similar to the Poli- 


Figure 44.7 (a) Lateral and cephalad ureteral orifices that are ideal for the Glenn-Anderson advancement technique. 
(b) The ureters are advanced to an area superior to the bladder neck with an adequate submucosal tunnel. 
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tano—Leadbetter technique. The mucosal hiatus is 
then matured circumferentially with interrupted 
absorbable sutures or the mucosal trough is closed 
with a running fine, absorbable suture (Figure 
44.7b). The bladder is then closed in a similar fashion 
to the other repairs. 


Gil-Vernet repair 


A simple, advancement technique for those patients 
with lateral ectopia and a widened, ‘mega-trigone’ 
was described by Gil-Vernet in 1984.!° Exposure of 
the ureters is similar as in the other open procedures; 
however, minimal ureteral dissection is needed. A 
traction suture is placed at the medial aspect of the 
ureteral orifice and adequate mobility of the distal 
ureter and intrinsic muscular fibers of the terminal 
ureter is demonstrated by the ability of the ureter to 
be pulled towards the midline (Figure 44.8a and b). 


SY 


ae: 


Figure 44.8 (a) The Gil-Vernet technique of advancing 
mobile ureters across the trigone. (b) Traction sutures 
are placed at the medial aspect of the ureteral orifices 
to test mobility. (c) Mattress sutures advance the 
ureters towards the midline, increasing their submu- 
cosal tunnel length. (Modified from Gil-Vernet,'!? with 
permission.) 


If mobility of the distal ureter is found to be ade- 
quate, a transverse incision is made through the 
mucosa across the superior aspect of the trigone 
between the ureteral orifices. The mucosa is then ele- 
vated off the bladder wall muscle. The classic descrip- 
tion by Gil-Vernet uses a single 3-0 nylon or Prolene 
suture placed in a mattress fashion at the base of each 
ureter encompassing the periureteral sheath and 
muscle. This suture advances the ureters toward the 
midline, increasing their intramural length. The per- 
manent suture is then buried by approximating the 
bladder muscle with 3-0 chromic sutures. The 
mucosa is then closed vertically with interrupted, fine 
absorbable sutures (Figure 44.8c). A modification of 
this technique using absorbable suture for the medial 
advancement has been described, and that is our prac- 
tice at VCH.” The bladder and the overlying incision 
are then closed in a routine fashion. 


Extravesical techniques 


Lich-Grégoir repair 


An extravesical approach to the correction of VUR 
was almost simultaneously described here in the 
United States and in Europe by Lich and colleagues 
and Grégoir and Van Regemorter in the early 
1960s.13-14 This technique, commonly referred to as 
Lich-Grégoir, is similar to previous methods pub- 
lished by other surgeons around the turn of the 20th 
century.+?! Despite its popularity in Europe, US sur- 
geons were less enthused following Hendren’s disap- 
pointing initial results using a modification of this 
repair.?? Subsequent studies with minor modifica- 
tions have found this technique to be both durable 
and reliable.23-24 

Because the bladder is not opened during the 
repair, cystoscopy is performed following induction 
of anesthesia to rule out any bladder abnormalities. 
Once cystoscopy is complete, a Foley catheter is 
placed, clamped, and the bladder is left moderately 
full. Bladder exposure is obtained in a fashion similar 
to the intravesical repairs. The bladder volume is then 
emptied, and the bladder is retracted medially to 
expose the refluxing ureter. The peritoneum is 
reflected superiorly away from the posterior bladder 
wall, and the obliterated hypogastric artery is identi- 
fied and ligated. The ureter is then found, mobilized, 
and freed of attachments distally to the posterior 
aspect of the bladder (Figure 44.9a) A network of 


small vessels typically congregates near the 
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ureterovesical junction, and they need to be divided 
carefully with an electrocautery device. 

Following ureteral mobilization, the serosal and 
muscular layers of the detrusor are incised superiorly 
for a distance of 4-5 cm to create a trough for the 
ureter. The bulging bladder mucosa is seen following 
muscular division and ensures adequate mucosal 
exposure. Distention of the bladder during this step 
makes this dissection easier. Mucosal rents made 
during this step are closed with fine absorbable 
suture. The muscular division continues in a caudal 
direction 1-2 cm past the ureterovesical junction. The 
ureterovesical junction is freed circumferentially. 
Mobility of the ureterovesical junction is needed for 
ureteral advancement. Two or three 4-0 chromic 
vest-type sutures are placed through the bladder wall 
and ureter to advance and anchor the ureter to the 
distal aspect of the trough (Figure 44.9b-d). The 
ureter is then placed in the trough, and the detrusor is 
closed over it with interrupted 3-0 chromic sutures 


(Figure 44.9e). Approximation of the muscle edges 
proximally should be loose, and able to accommodate 
the tip of a Schnidt clamp at the muscular hiatus. 
Although no perivesical drain is typically used, an 
indwelling Foley catheter is left overnight and 
removed on postoperative day 1. If bilateral extraves- 
ical reimplants are performed, a voiding trial is initi- 
ated prior to discharge because of the risk of transient 
postoperative urinary retention. 


Postoperative evaluation 


The majority of children following simple uretero- 
neocystostomy are managed without indwelling ure- 
thral catheterization or perivesical drainage at VCH. 
Surgical repair of VUR via a catheterless ureteroneo- 
cystostomy at our institution was found to reduce 
hospital stay for patients when compared with those 
patients undergoing ureteral reimplantation with a 


Figure 44.9 (a) The extravesical approach begins with ureteral mobilization followed by detrusorrhaphy. (b) After 
mobilization of the mucosa off the bladder muscle, two or three vest sutures are placed in an appropriate fashion. 
(c) Tying of the sutures advances the ureter down toward the inferior aspect of the trough. (d) A sagittal view fol- 
lowing ureteral advancement. (e) The detrusor is loosely closed over the ureter once secured in the trough. 
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urethral catheter, without increasing complication 
rates.” Most children are discharged on postoperative 
day 1: i.e. once the child demonstrates adequate oral 
intake and postoperative pain is controlled with oral 
medications. 

Standard postsurgical management includes a renal 
ultrasound at the first postoperative visit at 1 month 
to assess for the presence of hydronephrosis. Mild, 
transient hydronephrosis is commonly seen and usu- 
ally resolves within the first several postoperative 
months. Management of persistent severe 
hydronephrosis will be discussed later in the chapter. 

Voiding and stooling habits are reviewed during all 
postoperative clinic visits, and dysfunctional elimina- 
tion issues are treated aggressively with educational 
reinforcement and medications. Suppressive antibiotic 
therapy is continued for 3-6 months following surgery. 
The child’s preventive antibiotics are discontinued on 
an individual basis. Factors considered in the cessation 
of antimicrobial therapy include the demonstration of 
good elimination habits, a consistent UTI-free state, 
and evidence of resolved hydronephrosis. Routine 
voiding cystourethrography (VCUG) in patients 
undergoing simple ureteroneocystostomy is not per- 
formed at our institution, and this approach has been 
supported by others.?°?7 Following the early postop- 
erative clinic visits, annual or semi-annual appoint- 
ments are made to follow the child’s voiding history 
and check the blood pressure, urine (with a urinaly- 
sis), and kidneys (with ultrasonography). Later in adult 
life, periodic evaluation should continue as indicated. 


Results 


The open surgical treatment of VUR has a long 
record of impressive correction rates. Initial and 
follow-up series of accepted surgical methods have 
success rates of 94-99%. The American Urological 
Association (AUA) Pediatric Vesicoureteral Reflux 
Guidelines Panel, released in 1997, analyzed 86 pub- 
lications with respect to failure rate after ureteroneo- 
cystostomy, and found an overall success rate of 
95.9% in 8061 open surgically treated ureters.7® 
Reimplanted ureters with grade I-IV VUR had sur- 
gical correction rates of 98-99%, independent of 
technique, and these findings hold true at VCH.?? 
However, patients with grade V VUR were found to 
have a persistent but lower grade of VUR 19% of the 
time following surgery.?8 With improvements in 
instrumentation and suture material, modifications of 
techniques, proper performance, and appropriate 


selection of patients, success nears 99% in those 
patients undergoing simple ureteral reimplantation 
with low to moderate grade reflux. 


Complications 


Ureteral obstruction 


Postoperative complications are rare following 
ureteroneocystostomy. Mild hydronephrosis is not 
unusual in the early recovery period. In our series of 
patients who underwent ureteral reimplantation 
surgery, 8% of patients had grade I hydronephrosis 
that resolved over a period of several months.*° 
Severe, persistent hydronephrosis is uncommon and 
is probably related to ureteral obstruction. Fortu- 
nately, ureteral obstruction is rare, with an occurrence 
rate of around 1%.°27,39 In cases of ureteral obstruc- 
tion, initial management includes the placement of a 
percutaneous nephrostomy tube or indwelling stent 
in the hope that the obstruction is transient and will 
resolve over time. In patients with persistent ureteral 
obstruction, a repeat ureteral reimplant is required. 
This procedure may necessitate significantly more 
ureteral mobilization than the initial surgery, requir- 
ing both an intravesical and extravesical approach. A 
viable ureter is identified and the distal fibrotic ureter 
is discarded. A psoas hitch or Boari flap may be 
required if a significant length of distal ureter is lost. 
In rare instances, a transureteroureterostomy or ileal 
ureter is required for reconstruction. 


Persistent reflux 


Persistent reflux following ureteroneocystostomy is 
rare. The success rate, as noted previously, exceeds 98% 
in those patients with a non-dilating VUR. Poor selec- 
tion of patients for specific operative techniques may 
have led to early reports of persistent reflux following 
surgery using specific methods.?” The creation of an 
adequate submucosal tunnel in children with severe, 
dilating VUR is challenging. Ureteral tapering is often 
required; this increases the complexity of the surgery 
and the risk for postoperative morbidity and is discussed 
in detail in Chapter 39. Fortunately, in most patients 
with persistent VUR, their reflux is downgraded sub- 
stantially following surgery and may resolve with 
growth and good voiding mechanics. One unusual 
cause of persistent VUR is the development of a 
ureterovesical fistula postoperatively. This complication 
does not typically resolve with expectant management. 
If problematic, surgical correction is indicated. 
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New contralateral reflux 


The development of new contralateral VUR follow- 
ing unilateral ureteral reimplantation is uncommon. 
Occurrence rates vary from 1 to 18%.%1%? Possible 
factors associated with de-novo contralateral VUR 
include a prior history of resolved contralateral reflux, 
correction of grade V VUR, or VUR into a dupli- 
cated system.3!33 Contralateral VUR is usually low 
grade, causes no sequelae, and resolves within 1-2 
years if the child adheres to a good voiding regimen. 
The need for surgical correction of new-onset, con- 
tralateral VUR following surgery is a rare event. 


Conclusions 


The open surgical repair for the correction of VUR is 
both a safe and effective management option. Classi- 
cally described methods, such as the Politano—Lead- 
better and the Cohen cross-trigonal techniques, are 
successful, durable repairs and continue to be used 
today. Whereas laparoscopic and endourologic tech- 
niques are being performed in greater numbers, the ease 
and success of the open surgical repair is the standard 


by which all other repairs should continue to be judged. 


Key points 


1 The open surgical correction of vesicoureteral 
reflux is highly effective, has few complications, 
and is the current gold standard of treatment. 

2 The appropriate intravesical surgical technique is 
determined by trigonal anatomy. 

3 The modified Politano—Leadbetter repair involves 
the creation of a new suprahiatal location of the 
ureter under direct vision. 

4 When creating a new suprahiatal location for the 
ureter during the modified Politano—Leadbetter 
repair, it is important to avoid lateral placement to 
prevent J-hooking of the ureter. 

5 The cross-trigonal method of ureteral reimplanta- 
tion results in less potential for kinking because of 
its use of the original muscular hiatus. 

6 The major drawback to the cross-trigonal method 
is the subsequent difficult intubation of the ureteral 
orifice due to its position following surgery. 

7 The Glenn—Anderson technique is highly success- 
ful when used in those patients with laterally dis- 
placed ureters, allowing for sufficient ureteral 
advancement and tunnel length. 


8 For experienced surgeons, routine postoperative 
VCUG is not mandatory in all patients following 
reimplant surgery. 
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Minimally invasive approaches to 
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correct vesicoureteral reflux 


Patrick Cartwright and Brent W Snow 


The narrow bony pelvis of the child leads to the blad- 
der occupying a more intra-abdominal position than 
in the adult. This creates relatively easy access to the 
bladder and perivesical space. Percutaneous bladder 
access is quite familiar to pediatric urologists, with 
suprapubic aspiration for culture being a standard 
practice for many years. In addition, placing a needle 
or port directly into the distended bladder may allow 
access for other procedures, including: 


E placement of a suprapubic catheter 

E antegrade ablation of a posterior urethral valve 

E injection of bulking agents at the bladder neck 

E catheterization of ureteral orifices with an unusual 
orientation (such as after Cohen’s reimplant). 


This background and a growing expertise with 
transperitoneal laparoscopy has inevitably led pedi- 
atric urologists to approach the common problem of 
vesicoureteral reflux laparoscopically; both intravesi- 
cal and extravesical approaches have been reported 
and continue to be pursued. 


Extravesical laparoscopic ureteral 
reimplantation 


To assess the feasibility of this approach, early 
research work included creating reflux in a porcine 
model by incising the roof of the ureteral tunnel 
intravesically and subsequently creating a new sub- 
mucosal tunnel via a transperitoneal, laparoscopic 
extravesical approach similar to the Lich—-Grégoir 
repair.! Repair proved to be achievable with good 
reflux resolution rates but involved 1-2 hours per 
reimplant with bladder perforation and ureteral 
obstruction noted among the complications.” The 
procedure described involved splitting detrusor fibers 
superolaterally from the ureteral hiatus to expose 
urothelium, laying the ureter into this trough, and 


then closing detrusor edges together over the ureter 
to create a longer submucosal tunnel. This basic sur- 
gical approach is very similar to what has been under- 
taken clinically. 

In 1994, the initial clinical report of transperi- 
toneal, extravesical laparoscopic reflux correction was 
made and included patients aged 2 and 5 years with 
successful outcomes and long but acceptable operat- 
ing times.” Janetschek and coworkers followed this 
shortly with a report on six patients, one of whom 
required ureteral stenting for 6 weeks. These authors 
were impressed that the procedure was unwieldy and 
seemed to offer little recovery advantage to patients. 
While some surgeons may have been dissuaded by 
these reports, others have continued to pursue 
improvements. 

Four significant series of transperitoneal, laparo- 
scopic extravesical reimplantation studies have been 
reported over the past several years. In 2000, Laksh- 
manan and Fung reported on 26 patients (36 
ureters), utilizing a technique with four ports, having 
an operative time of 1.5 hours/ureter and resulting in 
only one failure (follow-up of 3 months).” This series 
was updated in 2001 with 53 patients (83 ureters) 
accumulated in a period ‘beyond the learning curve’. 
In these patients, there was failure of resolution in 
only one ureter (1.1%) and obstruction in another 
(1.1%), with each requiring open revision.’ Shu et al 
have taken a similar approach, using four ports, and 
have recently documented excellent results and recov- 
ery, particularly in postpubertal patients.’ Finally, 
Peters and associates have recently (2005) applied 
robotic technology to reimplantation in 24 children. 
Their initial results at 19.5 months mean follow-up 
include no obstruction in any patient, with resolution 
of reflux in 18/20 patients (90%) undergoing cystog- 
raphy. Mean operative times were 2.5 hours for uni- 
lateral and 3.5 hours for bilateral cases, with variable 
catheter usage and hospital stays of 0.25-3 days.!° It 
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is unclear whether a robotic approach will allow for 
reduction in the problematic postoperative voiding 
dysfunction sometimes seen in open bilateral extrav- 
esical reimplantation. Of interest, this group has pur- 
sued and reported robotic reimplant approaches both 
intravesically and extravesically; they suspect that the 
greatest benefit may lie with extravesical approaches. 
To summarize all these reports, creating good expo- 
sure of the posterior bladder wall and avoiding injury 
to both the ureter and urothelium seem to be crucial 
advantages of this transperitoneal, extravesical 


approach. 


Intravesical (transvesical) laparoscopic 
ureteral reimplantation 


It has been shown by many groups that the intravesi- 
cal space can be accessed with percutaneous laparo- 
scopic ports and that carbon dioxide insufflation can 
create a ‘pneumovesicum’ appropriate for surgical 
procedures. With such an approach, authors differ as 
to how many ports they place, which port holds the 
camera, and whether there is a working instrument 
via the urethra or just a balloon catheter to prevent 
desufflation. 

Initial attempts at intravesical reimplantation were 
reported by Okamura, Tsuji, and coworkers, replicat- 
ing the Gil-Vernet technique of medial orifice 
advancement.!! This innovative group accessed the 
bladder with two ports and used the urethra as a third 
access site to perform ‘endoscopic trigonoplasty’. 
They were able to make an incision along the trigonal 
ridge and draw the ureters medially to the midline 
with sequential suturing. Their original experience 
(mostly adults), published in 1997, documented res- 
olution in 95% of patients at 1-3 months, but this fell 
to 79% at 12 months. 1? They concluded from follow- 
up evaluation that progressive separation or splitting 
of the trigone, with lateral drift of the orifices to their 
original position, was often the cause of failure.13 
Cartwright et al reported on a variation of this same 
concept (percutaneous endoscopic trigonoplasty) 
shortly after this initial report!+ (Figure 45.1). This 
series of 23 children had reasonable initial resolution 
rates that fell significantly, with long-term follow-up 
of 30-37 months, to an unimpressive 47%. 

The Japanese group has continued to assess techni- 
cal changes to their procedure. In 2003, they reported 
on a procedure involving incision around the orifice 
in a U-shaped fashion, thus making a more significant 
flap of ureter and bladder muscle.!> This flap is 


Knot pusher 


Cystoscope 


Figure 45.1 Percutaneous endoscopic trigonoplasty 
(PET): note the two working ports placed through the 
bladder wall superolaterally, and the cystoscope being 
used to assist and suction. Urothelium has been dis- 
sected, creating a muscular trough between the ori- 
fices; the suture being tied will advance each orifice 
toward the midline. 


advanced distally onto the dissected trigone after the 
muscular hiatus is repaired to be certain that effective 
tunnel length is maximized. Reflux resolved in 12/14 
ureters (86%) operated upon with mean operative 
time of 4 hours. We (Cartwright and Snow) also 
changed our original approach seeking better results. 
In 1999, we reported an intravesical cross-trigonal 
(Cohen) reimplant performed with the same two 
transvesical ports and a cystoscope!® (Figure 45.2). 
This was performed in eight patients, with 83% long- 
term resolution. These results were more encouraging 
but are still significantly inferior to open approaches. 

More recently, there have been three reports on 
intravesical laparoscopic approaches to reimplanta- 
tion. Gill et al documented a cross-trigonal reimplant 
technique in three patients with operative times of 
2.5-4.5 hours and no reflux postoperatively in two of 
the three patients.!7 Yeung and colleagues, as well, 
have reported on a laparoscopic Cohen reimplant 
done inside the bladder in 16 children (23 ureters).1® 
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Figure 45.2 Intravesical view of a ureter mobilized via 
transvesical ports. The stent is coming through the 
bladder neck to enter the ureteral orifice; 3-4 cm of 
ureteral mobility can be achieved. 


They report operative times of 1.9-3 hours for bilat- 
eral cases and had one conversion to open for trocar 
displacement from the bladder. They found minimal 
long-term complications, and patients had a mean 
hospital stay of 1.9 days, with a Foley catheter in 
place for 1-2 days.!? The resolution rate was 96% at 
3-4 month follow-up cystogram. Peters and Woo 
very recently added their experience with the da Vinci 
surgical robot in performing intravesical reimplanta- 
tion. The ports required are 10-12 mm, with the sites 
dissected enough to place a suture into the bladder 
wall to prevent perivesical insufflation and to facilitate 
closure once the port is removed. Operating on 6 chil- 
dren with no open conversion, 2—4 day hospital stay, 
and 24-hour catheterization, they had 1 bladder leak 
from a port-site closure, and 5/6 with resolved reflux 
on early follow-up and no ureteral obstruction. For 
many of these authors, one challenge was getting 
secure closure at the bladder wall level once a port was 
removed; this was probably the cause for at least 
overnight catheter drainage in many cases. Another 
challenge noted by two of the authors was eventual 
accumulation of carbon dioxide within the perivesical 
space and a resultant decrease in intravesical working 
space as bladder walls were forced inward. 


Future direction 


Optics, instruments, and our own understanding and 
technical abilities with laparoscopic ureteral reimplan- 
tation will all undoubtedly improve over time. 


Smaller scars, less pain, and quicker recovery are all 
potential benefits of laparoscopic reimplantation, but 
these seem most pronounced in older children, ado- 
lescents, and adults and may be less apparent in 
younger children. Our own recent experience with 
open, unilateral, extravesical reimplantation is that 
93% of children can be managed as outpatients, with 
a mean total hospital stay of just over 6 hours.?? It 
seems likely that laparoscopic reimplants will need to 
be routinely achievable on an outpatient basis and 
without stents or catheters if they are to become 
mainstream in our management of reflux for the 
younger group of children that we most commonly 
treat. 
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Injection therapy for vesicoureteral 


reflux 


Anthony A Caldamone 


Introduction 


Vesicoureteral reflux (VUR), the most common uro- 
logic abnormality in children, occurs in 0.4-1% of the 
general population and in 30-50% of those children 
who present with urinary tract infections (UTIs).! 
When correction of VUR is determined to be neces- 
sary, historically open ureteral reimplantation by a vari- 
ety of techniques has been the mainstay of treatment. 
This approach is justified because surgical correction 
affords a very high success rate, approaching 99% in 
experienced hands, and a low complication rate.” 

The search for a less-invasive approach to the cor- 
rection of reflux, however, dates back to 1981 when 
Matouschek’ first described the injection of polytetra- 
fluoroethylene (PTFE) at the ureteral orifice to cor- 
rect VUR. Reports then followed by McDonald and 
McDonald. Following reports of the use of PTFE for 
incontinence, Politano reported on its use in VUR.5 
Puri and O’Donnell brought this clinical concept to 
the laboratory and demonstrated the successful cor- 
rection of experimentally produced VUR in a piglet 
model by the intravesical injection of PTFE.° In their 
classic article in 1986, they reported on the successful 
endoscopic correction of primary VUR in 103 
ureters, achieving a success rate of 75% after a single 
injection.!° They termed this technique the STING. 

This approach earned widespread international 
acceptance but only sporadic usage in the United 
States because of the lack of Food and Drug Admin- 
istration (FDA) approval. It was quite apparent, how- 
ever, that the potential for revolutionizing the 
management of children with VUR was real. 
Although the procedure requires general anesthesia 
and possible repeat injections, the ease of treatment, 
lack of open surgery, and minimal hospitalization 
were extremely attractive in the pediatric population. 
However, the lack of demonstrated long-term safety 
and concerns raised in experimental and clinical set- 
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tings on the potential migration of PTFE particles 
prohibited its widespread acceptance in the United 
States. It was quite clear, however, that while the 
material had its drawbacks, the technique itself was 
reproducible and reliable. The search was on, there- 
fore, for a substance that would fulfill the following 
characteristics: ease of injection, maintenance of 
injected volume, minimal host response, no evidence 
of distant migration of material particles, mainte- 
nance of the injected mound without shifting, and 
biocompatibility. The mechanism for the endoscopic 
correction of VUR involves one or more of the fol- 
lowing effects: (1) improved backing of the intra- 
mural ureter, (2) fixation of the ureterovesical 
junction (UVJ) to the trigone by spot welding, or (3) 
decreased caliber of the distal ureter. 

In this chapter we will review the substances that 
have been used both experimentally and clinically for 
the endoscopic correction of reflux. In addition to the 
use of this technique for primary VUR, the applica- 
bility of the endoscopic correction technique to other 
reflux variations will also be discussed. Finally, as with 
any new technology, one must address the issue of 
whether this new technology changes the indications 
for surgical correction of VUR. 


Technique of endoscopic injection 


The technique of endoscopic injection for correction 
of VUR has changed little since it was first described 
by O’Donnell and Puri.!! The technique is relatively 
independent of the material used, although variations 
in material properties do exist, which result in minor 
modifications in technique, as will be described. The 
technique is often referred to as the STING, an 
acronym for subtrigonal injection (Figure 46.1). 
Under cystoscopic control, the orifices and bladder 
mucosa are inspected. Whereas the type of cystoscope 
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Figure 46.1 (a) Needle placed at 6 o'clock position, bevel upward. (b) Slow injection in subureteric space. (c) Postin- 
jection appearance. (d) Appropriate position of injected material. (Reproduced from Russinko and Tackett,'? with 
permission.) 


Figure 46.2 Offset lens ‘STINGER’ scope, allowing for a straight 4 Fr channel to pass a rigid or flexible needle for 
injection of material. 


is not critical, an offset lens system allows for a degree of bladder filling is critical, as a full bladder 
straight route for the needle through the scope, which may make it more difficult to accurately place the 
is helpful if using a metal needle (Figure 46.2). The material behind the ureter and still be in the wall of 
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Figure 46.3 Needle in 6 o'clock position at left ureteral 
orifice. 


the bladder. Either a rigid metal needle or a malleable 
needle may be used, most commonly 3.7—4 Fr in size. 
A syringe of material is fixed to the needle and, 
depending on the thickness of the material, a ratch- 
eted metal syringe holder may be needed. This is nec- 
essary for PTFE and silicone, in particular. The needle 
is introduced through a cystoscope using a 0° or 30° 
lens. Under direct vision the needle is advanced bevel- 
up and introduced submucosally at the 6 o’clock posi- 
tion of the UVJ (Figure 46.3). Puri and O’Donnell 
originally reported piercing the mucosa 2-3 mm 
distal to the UVJ and advancing the needle 4-5 mm 
into the lamina propria of the submucosal portion of 
the ureter. Alternatively, for more gaping orifices, the 
needle can be placed directly through the mucosa at 
the UVJ. This can be facilitated by hydrodistention of 
the ureter, by having irrigation flowing through the 
cystoscope at the time of the injection and thus dilat- 


Figure 46.4 Endoscopic injection of calcium hydroxyl apatite. (a and b) Preinjection appearance of left and right ori- 
fice with bladder minimally filled, on top. (c and d) Left and right orifice postinjection, demonstrating a crescent 


appearance of orifice a top a mound of material. 
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Figure 46.5 (a) Ultrasound 3 months post-Dx/HA (dex- 
tranomer/hyaluronic acid) copolymer injection with 
normally positioned left mound and ureteral jet exiting 
from top of mound. (b) A VCUG 3 months postinjection 
demonstrating persistent left VUR. 


ing the ureteral orifice.!* The critical step of the pro- 
cedure is observing the effect from injection of 
0.1-0.2 ml. One should carefully assess the position- 
ing of the mound with this minimal initial injection. 
A ‘volcanic bulge should be observed, raising the 
ureteral meatus onto the dome of the mound. Minor 
adjustments in the direction of the bevel or the depth 
of the needle can be made based on the initial 
0.1-0.2 ml injection volume. Once the appropriate 
effect is obtained, more material can be injected to 
achieve a volcanic mound with a crescent-shaped ori- 
fice at the dome (Figure 46.4). 

Depending on the material injected, there is a vari- 
able degree of leakage from around the needle or 
through the needle track once the needle is removed. 
For PTFE or silicone, the needle should be left in place 
for 30-60 seconds prior to removal to avoid extrusion. 
At the conclusion of the injection(s), the bladder is 
then drained; viscous 2% lidocaine can be injected into 
the bladder if desired, prior to cystoscope removal. 
The patient is discharged from the recovery room on 
a therapeutic dosage of antibiotics for 3 days, followed 
by prophylaxis until a postoperative ultrasound and 
voiding cystourethrogram (VCUG) are done at 3 
months. The presence of a well-positioned mound on 
ultrasound, while reassuring, does not predict success- 
ful correction of VUR (Figure 46.5). If reflux is 
resolved, antibiotic prophylaxis is discontinued and a 
follow-up ultrasound is done at 1 year. 

Postinjection catheter drainage is generally not nec- 
essary. Most clinicians recommend antibiotic prophy- 
laxis for 3 months until a follow-up ultrasound and 
VCUG are performed. If there is persistent VUR, a 


second endoscopic injection can be performed, espe- 
cially if improvement has been demonstrated after the 
initial treatment. If failure occurs again, most clini- 
cians would recommend open surgery. All studies to 
date have demonstrated the same high success rate of 
open ureteral reimplantation following endoscopic 
injection, regardless of the agent used, compared with 
a primary ureteral reimplantation.!# 

It is apparent to most surgeons who have performed 
endoscopic injection procedures for VUR that, 
whereas the procedure is relatively straightforward, 
there are subtle aspects of the technique that are learned 
over time. Kirsch et al demonstrated a learning curve 
over their first 180 cases. The success rate after a single 
injection for their first 20 patients was 60%, compared 
with 80% for the last 20 patients in this series.1® 

Kirsch et al reported on a variation in the Puri and 
O’Donnell technique in which material is implanted 
submucosally within the intramural ureter.!? In a 
comparative study, they found the success rate with 
the modified technique to be significantly greater than 
the standard technique, 97% vs 79% (Figure 46.6). 


Materials 


Many materials have been used over the past 25 years 
of endoscopic treatment for VUR. Whereas success 
rates vary little from material to material, other prop- 
erties — such as ease of injection, particle size and 
migration, inflammation response, longevity, and bio- 
compatibility — vary greatly (Table 46.1). Materials 
may be divided into non-autologous and autologous. 
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Figure 46.6 Modification of the STING procedure 
places implant material along the entire subureteral 
tunnel and leads to greater ureteral wall coaptation. (a) 
The needle is placed within the ureteral submucosa to 
the level of the mid-ureteral tunnel. (b) Initial injection 
causes the floor of the ureteral tunnel to rise up to 
meet ceiling of the tunnel. (c) Further injection leads to 
tracking of implant circumferentially within the ureteral 
tunnel, resulting in complete coaptation.'? 


Non-autologous materials 
Polytetrafluoroethylene 


In 1973 Berg reported a method for the correction of 
urinary incontinence using an injectable form of 
PTFE paste.!° In 1981 Matouschek injected PTFE at 
the UVJ for the correction of VUR.’ This was then 


Table 46.1 Characteristics of available injection materials 


Product Material composition 


first studied in an animal model by Puri and O’Don- 
nell,? and then in human subjects.!1-!7 

PTFE, a polymer composed of large molecules 
formed by chemical combinations of smaller ones 
into chains, has been used in the manufacture of plas- 
tic materials for medical devices for many years, 
including vascular grafts, cardiac valves/implants, 
stents, cartilage or bone replacement, sutures, and 
patches. The paste form of PTFE is a suspension of 
inert PTFE particles in a glycerin carrier. The glyc- 
erin, which represents 50% of the weight, is absorbed 
by the tissues after injection. The size of the particles 
ranges from 4 to 100 um, with approximately 90% 
<40 um. Because of its high viscosity, PTFE requires 
a ratcheted syringe mechanism for injection. Upon 
injection, a foreign-body giant cell reaction occurs 
with the infiltration of histiocytes, which is followed 
by a fibrous encapsulation. 1-18-20 The material is not 
biodegradable, and, therefore, should persist 
throughout a lifetime. Results of endoscopic correc- 
tion of VUR with PTFE approach 90% after a single 
injection in some series and 94% after subsequent 
injections.?!2 Long-term follow-up in a multicen- 
tered report indicate sustained effect for up to 10 


Particle size (um) 


Teflon, Polytef Polytetrafluorethylene (PTFE) particles, which are inert 4-100 
and suspended in glycerin 50% by weight 

Deflux Dextranomer microspheres cross-linked in 1% sodium 80-120 
hyaluronan solution 

Zyderm, Zyplast, Contigen Derived from bovine dermis, cross-linked to - 
glutaraldehyde: GAX 35, 35 mg/ml collagen; GAX 65, 
65 mg/ml collagen suspended in pH neutral saline 

Macroplastique Polydimethylsiloxane (PDMS), a biphasic copolymer 35-540; mean 
polymerized and vulcanized polydimethylsiloxane in maximal diameter, 
polyvinylpyrrolidone (PVP) hydrogel 209 um 

Coaptite Calcium hydroxylapatite soheres suspended in water 75-125 
and glycerin mixture with cellulose gel former 

Urocol 50% microporous hydroxyapatite ceramic suspended 100-400 
in gel with 4% collagen in glycerin 

Chondrocytes Auricular chondrocytes suspended in an alginate 20 x 10° 
solution with calcium salt chondrocytes/ml 

Fat Suprapubic adipose tissue obtained by microliposuction — 


Autologous collagen Extracted from dermis 


Autologous blood Extracted from patient 
Autologous bladder muscle Extracted from animal 


Modified from Russinko and Tackett. '2 
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years.?324 In this multicentered study the overall suc- 
cess rate in 6216 ureters and 4166 children treated at 
18 European centers demonstrated a cure rate of 86% 
after 1-4 injections, with an obstruction rate of 
0.0003%. In a 17-year follow-up of 247 patients 
treated with PTFE, Chertin et al demonstrated a sus- 
tained 95% success rate after 1—4 injections and a 5% 
recurrence rate, with 1.8% requiring open surgery.? 
In the meta-analysis review by Elder et al of 33 stud- 
ies reporting on the results of PTFE, the overall suc- 
cess rate after a single injection was 67%.76 

Experimental studies done shortly after the intro- 
duction of PTFE in clinical reports demonstrated the 
migratory property of PTFE as a result of a significant 
percentage of particles being <80 um.?”:28 These par- 
ticles become phagocytized and carried to regional 
lymph nodes or enter into capillaries directly upon 
injection. Experimental studies by Malizia et al have 
found particles in lymph nodes and distant 
organs.?30 Particle migration has also been reported 
in humans,?831-33 including, in a speculative report, 
to a child’s cerebral microcirculation and associated 
with an ischemic stroke.*4 Some clinicians have 
argued that particle migration is at least partially 
related to the volume of injection; however, clinical 
reports indicate that particle migration has occurred 
with small volumes of 0.5 ml of PTFE.*° 

The potential of carcinogenesis with PTFE and 
other non-autologous substances has been of concern. 
Although there has not been direct evidence of car- 
cinogenesis with PTFE in an experimental model,*° 
there has been experimental evidence linking injected 
foreign substances of large particulate size to potential 
carcinogenesis.°” 


Cross-linked bovine collagen 


Cross-linked bovine collagen has been used for multi- 
ple medical purposes such as cardiac valves, hemosta- 
tic agents, sutures, and as a soft tissue substitute. It is 
harvested from bovine hide and treated with pepsin to 
reduce its antigenicity associated with the telopeptides 
of the collagen helix. It is composed of 95% type I 
collagen and 5% type III collagen. It is cross-linked 
with glutaraldehyde to reduce breakdown after 
implantation by human collagenases. For human 
implantation, several products have become available 
(Contigen, Zyplast, Zyderm, GAX 35, GAX 65). 
Upon injection, collagen causes very little local 
tissue reaction and no granuloma formation. To vari- 
able degrees, there is an ingrowth of fibroblasts and 
eventual replacement with native collagen??? The 


Table 46.2 Results of endoscopic treatment of 
vesicoureteral reflux with collagen 


Authors No. of Percent 
ureters success, after 
treated one injection 

Lipsky and 79 68 

Wurnschimmel*! 

Frey et al‘? 204 63 

Reunanen et al? 197 84 

Capozza et al^ 184 78 

Leonard et al*® 45 75 

Polito et al4® 76 74 

Haferkamp et al^” 21 95 

Haferkamp et al48 26 92 

De Grazia and 129 74 

Cimador 20009 
Tsuboi et al®° 8 = 


Modified from Lackgren et al.53 


degree to which native collagen ingrowth occurs is 
thought to determine the potential for long-term 
cure. 

Collagen is injected easily with finger pressure, with 
no special device required. However, as a result of this 
relatively low viscosity, precise injection may be more 
difficult. Preinjection skin testing is necessary, as 3% 
have a hypersensitivity reaction to collagen, although 
a negative reaction does not completely eliminate the 
risk of an allergic reaction.#! As noted in Table 46.2, 
the initial success with the endoscopic injection of col- 
lagen is similar to that of other materials. However, 
several reports indicate poor sustained results. Hafer- 
kamp et al reported an initial success of 92% after a 
single injection in 36 children, with a recurrence of 
reflux in 91% after 37 months.*” In a similar study, 
the recurrence rate was 63%.48 The use of a more 
concentrated mixture of 65 mg collagen/ml (GAX 
65) has shown promise of a more sustained cure in a 
report by Frey et al, where a 6-month evaluation 
postinjection demonstrated more retained volume, 
26.9% vs 0.1% for GAX 35.52 Reunanen et al 
reported on 197 ureters treated with endoscopically 
implanted collagen in which 84% remained without 
reflux at 4 years follow-up.*? De Grazia and Cimador 
reported a 16.8% recurrence rate in 129 refluxing 
ureters injected, with higher rates of recurrence in the 


higher initial grades of VUR.*? 


Polydimethylsiloxane 


This bulking agent is composed of particulate silicone in 
an injectable mixture of fully vulcanized polydimethyl- 
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siloxane (40%) suspended in a water-soluble 
polyvinylpyrrolidone (60%). The particulate size ranges 
from 35 to 540 um (average 209 um) with 28% 
<80 um and 7% <50 um.*? It is not surprising, there- 
fore, that studies by Buckley et al+5> and Henly et al56 
found particle migration to the lungs, kidneys, brain, 
and lymph nodes after injection in animal models. It has 
been shown that particulate size <80 um facilitates par- 
ticle migration.” Shedding of silicone particles with 
migration has been reported from implanted medical 
devices.°” The advantage of particulate silicone is there 
appears to be less inflammatory response and granu- 
loma formation, although those findings have not been 
consistent. Silicone is non-biodegradable and, therefore, 
should be permanent once injected at the UVJ. Similar 
to PTFE, a ratcheted mechanism is required for injec- 
tion. The injection of silicone induces an inflammatory 
response with macrophages and fibroblasts and later 
ingrowth of collagen.58 

Silicone has been implicated in autoimmune reac- 
tions?”56 and associated with a possible risk of malig- 
nancy,*®5?-6! although the data for the latter have 
been inconsistent.°? Multiple studies have demon- 
strated the reproduced effectiveness of injected partic- 
ulate silicone to correct reflux.°? Herz et al 
demonstrated a success rate of 81% after a single 
injection and 90% of ureters after repeated injection 
with a 12-month follow-up.° In a 1-year follow-up 
study from two centers, van Capelle et al reported 
success with the endoscopic implantation of silicone 
in 155/195 children treated, representing 82.3% of 
ureters injected one or more times.® Aboutaleb et al 
compared particulate silicone injection versus extrav- 
esical ureteral reimplantation for primary low-grade 
reflux (grades I-III) in 180 patients, 74 silicone injec- 
tions and 106 extravesical reimplantations.® Of the 
injected group, 81% were cured at 3 months and 
92% at last follow-up compared with 96% at 3 
months and 99% at 1 year in the reimplantation 
group. There were no complications in the injected 
population, whereas 7% of the reimplanted group 
had postoperative complications, including 3.3% (2 
patients) with transient urinary retention. In sum- 
mary, silicone appears to be an effective agent for the 
treatment of VUR. Concerns remain regarding its 
particle size, and, therefore, its migratory potential, as 
noted in experimental studies. 


Dextranomer/hyaluronic acid copolymer 


Dextranomer microspheres were first introduced by 
Stenberg and Lackgren in experimental models in 


which 1 ml was placed into the abdominal wall of rats 
and into the bladder wall of piglets.°° At 3 months, 
the implants became encapsulated, with a 23% reduc- 
tion of the injected volume. Repeat studies performed 
with radiolabeled dextranomer spheres demonstrated 
no evidence of distant migration, lymphadenopathy, 
mutagenic effect, DNA changes, or tumor develop- 
ment.®” The larger particulate size of the dextra- 
nomer/hyaluronic acid (Dx/HA) copolymer 
compared with PTFE and silicone is thought to 
account for the fact that it is not phagocytized, and, 
therefore, its lack of particulate migration to distant 
organs. 

The Dx/HA copolymer is a solution of cross-linked 
dextranomer microspheres (80-250 um in diameter) 
suspended in a carrier gel of stabilized sodium 
hyaluronate.>! Dextranomers have found previous 
uses in medicine for wound healing, and sodium 
hyaluronate has been used for eye surgery and joint 
injection. The Dx/HA copolymer differs from other 
non-autologous materials such as PTFE and silicone 
in that it is biodegradable. Its volume stability over 
time results from fibroblast migration and collagen 
ingrowth between the dextranomer microspheres 
(Figure 46.7), as the hyaluronate dissipates 12 weeks 
after implantation.®* It is injected with a standard 
syringe mounted on an endoscopic needle with finger 
pressure. In animal studies, carried out for 3 years, the 
durability of the spheres has been demonstrated with- 
out granuloma formation or calcification. 666° 

The overall results with Dx/HA copolymer com- 
pare favorably with that of PTFE and silicone, as 


Figure 46.7 Ingrowth of native fibroblasts around dex- 
tranomer microspheres. (Reproduced from Stenberg 
et al,8 with permission.) 
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Table 46.3 Results of the endoscopic treatment of 
vesicoureteral reflux with the dextranomer/hyaluronic 
acid (Dx/HA) copolymer 


Authors No. of Percent 
ureters success, after 
treated one injection 

Stenberg and 115 69 

Lackgren® 

Capozza et al”? 52 uai 

Oswald” 55 77 

Läckgren et al'4 334 75° 

Puri”2 166 >86 

Kirsch’? 134 72 

Capozza et al*® 1050 824 


a Reported only after multiple injections. 


noted in Table 46.3, which lists the results after a 
single injection. In a long-term follow-up study by 
Lackgren et al of 221 children followed for a mean of 
5 years, 68% of patients (75% ureters) maintained 
grade 1 VUR or less and 81% (85% ureters) grade 2 
VUR or less at the last VCUG done. Of 49 patients 
who had a VCUG at 3-12 months, reflux recurred in 
13%, 4% of which were grade 3 or greater.!4 No 
long-term adverse effects were noted, with 2% devel- 
oping postoperative UTIs, and early mild postopera- 
tive hydronephrosis occurring in 4 patients, none of 
whom developed signs of ureteral obstruction. In a 
study comparing Dx/HA copolymer and silicone, 
Oswald et al reported a slightly higher success rate 
with silicone, but the difference was not statistically 
significant.71 


Coaptite 


Calcium hydroxylapatite is composed of calcium 
hydroxylapatite spheres suspended in a water and 
glycerin mixture with 3% methylcellulose gel. Cal- 
cium hydroxylapatite particles are synthetic, and, 
therefore, a uniform spherical shape with a narrow 
range of 75-125 um. This material represents syn- 
thetic bone, and, therefore, as a subureteric bulking 
agent, theoretically it should have a limited local reac- 
tion and a very durable long-term effect. A clinical 
trial by Mevorach et al on 98 patients and 155 ureters 
with grade I-IV reflux demonstrated reflux resolu- 
tion in 67% of patients and 75% of ureters, and 
improvement was noted in 77% of patients and 84% 
of ureters.”* Interestingly 5 patients in this particular 
subgroup demonstrated progression, from improve- 


ment in reflux grade postinjection at 1 year to reflux 
resolution when evaluated with a VCUG at 2 years. 
The procedure was tolerated well by all patients and 
there were no significant safety issues disclosed. Cal- 
cium hydroxylapatite, therefore, is determined to be a 
safe, durable, and effective material for the endoscopic 
treatment of reflux, although at this time clinical trials 
are still being evaluated by the FDA. 


Autologous materials 


Autologous materials have the appeal of not having 
the concern of a foreign body reaction to the injected 
mound. The disadvantage, however, is the need for a 
harvesting step, which, with all materials tried to date 
in the pediatric population, requires an additional 
anesthetic. These autologous materials must behave as 
free grafts, and, therefore, are subject to the physiol- 
ogy of graft survival. To date, the autologous materi- 
als that have been tried are chondrocytes, collagen, 
and fat. 


Chondrocytes 


Following demonstration that the harvesting and sub- 
sequent implantation of autologous chondrocytes 
resulted in viable chondrocytes, first in the mouse 
model and later in the pig model by Atala,”475 Dia- 
mond and Caldamone used harvested chondrocytes in 
the human model.”°””7 Chondrocytes were harvested 
from the posterior auricular cartilage, grown in cul- 
ture for 6 weeks, suspended in an aqueous mixture of 
alginate and calcium salts, and subsequently injected 
at the UVJ. Long-term results of 47 ureters with 
grade II-IV VUR demonstrated an 80% cure rate at 
3 months and an 86% cure rate at 1 year following 
one or more implantations. In those children requir- 
ing a subsequent open ureteral reimplantation, no 
viable chondrocytes were identified, however. It was 
unclear whether the failure to correct the reflux was 
attributed to a failure of chondrocytes survival, or 
whether this was a more universal effect. In those 
children who underwent a second injection or open 
reimplantation after a failed injection, the most 
common findings were shifting of the materials and a 
loss of material volume.7” 


Fat 


Autologous fat has been used as an implant for cor- 
rection of reflux. It was initially reported in an exper- 
imental model by Matthews in 1994, followed by 
clinical reports by Palma and Chancellor.7*®° In 
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Table 46.4 Overall resolution rate after single injection based on ureter and material 


Agent Number in studies Sample Percent resolution 
Poly/tetrafluoroethylene 33 3616 66.9 
Collagen 10 947 56.9 
Dextranomer 3 385 68.7 
Polydimethylsiloxane 8 347 76.5 
Chondrocytes 1 47 50.5 
Blood í 13 5.0 


From Elder et al.2° 


Table 46.5 Overall resolution rate after single injection based on reflux grade by ureters for all materials 


Grade Number in studies Sample Percent resolution 
1 16 117 78.5 
2 18 444 78.5 
3 22 477 T23 
4 17 172 62.62 
5 9 25 50.93 


a Grade 4 and 5 significantly decreased with respect to grades 1 and 2. 


From Elder et al.26 


follow-up studies at 3 months postimplantation, 
reflux persisted in 70% of Chancellor’s study group 
and 83% of Palma’s group. Viability appears to rely 
on vascular ingrowth to the injected cells and, there- 
fore, small volumes injected appear to be more effec- 
tive in survival. In the rabbit model by Matthews, 
there was a 25-100% loss of volume postinjection in 
47% of sites injected.”8 


Collagen 


Cendron et al reported on the use of autologous col- 
lagen as an injectable material for correction of 
VUR.®! The rationale for the use of autologous colla- 
gen is to improve on the longevity of bovine collagen 
preparations, as well as to avoid the hypersensitivity 
potential. Collagen fibers were isolated by centrifuge 
from the dermis. In an experimental study, collagen 
integrity was demonstrated at 50 days. 


Muscle 


Autologous bladder muscle cells have been used in an 
experimental study to correct reflux.82 Muscle cells 
were harvested from the bladder, coupled with an 
alginate mixture, and reinjected through a 21-gauge 
needle. Cell survival was demonstrated in a short- 
duration study. 


Cumulative results 


Endoscopic treatment for VUR in children has a high 
success rate (Table 46.4). The success rate is univer- 
sally proportional to the grade of reflux treated (Table 
46.5). Multiple injections are advantageous in 
increasing the success rate and prior endoscopic mate- 
rial implantation does not appear to significantly alter 
the open surgical success rate. 


Special considerations 


Neuropathic bladder 


A significant number of patients, upwards of 50%, 
with spina bifida have associated VUR. This can be a 
cause of significant morbidity and renal damage in 
this population. The mainstay of management of 
VUR in association with a neurogenic bladder has 
been modulation of bladder pressures and frequent 
complete emptying. This is usually accomplished by a 
combination of intermittent catheterization with or 
without the addition of anticholinergic therapy 
and/or suppressive antibiotics. When children fail this 
regimen, treatment has been bladder augmentation 
with or without ureteral reimplantation. Some articles 
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Table 46.6 Results of reported series of the endoscopic treatment of vesicoureteral reflux in children with 
neuropathic bladder 


have advocated the addition of endoscopic correction 
of reflux to the armamentarium for management of 
VUR in the setting of the neurogenic bladder (Table 
46.6). Technically, this can be more difficult to per- 
form because of the trabeculation of the bladder, and 
a ureteral catheter in the orifice at the time may facil- 
itate injection. However, in spite of these difficulties, 
success has been reported in up to 90% of cases after 
multiple injections.*5.99.97.93 Engel et al reported suc- 
cess in 57% of reflux in ureters after a single injection 
of PTFE and 62% after a second injection.*+ They 
compared this to their open surgical population, in 
which they were able to achieve an 84% success rate 
in 30 patients undergoing ureteral reimplantation. 
Haferkamp et al found that the long-term success rate 
using collagen (GAX 35) was only 15% of treated 
units after 24 months.** Part of that fall off in success 
rate could be a result of the degeneration of collagen, 
but also may result from the inherent neuropathic dis- 
order. It is imperative that, once these children are 
treated endoscopically or with open surgery, contin- 
ued bladder management is carried out in order to 
prevent long-term complications such as the recur- 
rence of reflux or functional UVJ obstruction. Simi- 
larly, Dewan and Guiney reported 4 of 23 successfully 
treated ureters recurred after initial treatment was suc- 
cessful.8? Granata et al reported a comparative study 
on surgical and endoscopic correction of reflux in 
children with a neuropathic bladder.8* They found an 
overall success rate of 72.5% using PTFE, compared 
with 95.5% when a Cohen cross-trigonal ureteroneo- 
cystotomy was performed. They found that 2 of their 
29 ureters that were cured with the endoscopic 
approach reccurred with VUR; however, both were 


treated successfully by a repeat endoscopic procedure. 
There were no recurrences observed in the patients 
cured by open reimplantation. In a meta-analysis 
recorded by Elder et al of 10 articles, there was a sig- 
nificantly lower rate of success of the endoscopic 
approach in the neuropathic bladder (53.5%) vs the 
non-neuropathic bladder (74.2%).7° 


Dysfunctional voiding 


Studies by Frey,38 Trsinar,°* and Capozza*+> have 
implicated undisclosed dysfunctional voiding as a 
cause of failure of endoscopic correction of VUR. In 
each of these cases the authors found displacement of 
the mound, a common occurrence using either colla- 
gen or dextranomer microspheres. In each of these 
studies, however, the diagnosis of dysfunctional void- 
ing was based on clinical history and not urodynamic 
findings, representing some limitation to their con- 
clusion. The implication from these studies, therefore, 
would be to control or at least stabilize the dysfunc- 
tional voiding prior to the endoscopic correction of 
the reflux. Several studies have pointed out that man- 
agement of dysfunctional voiding in refluxers 
improves the spontaneous resolution rate and 
decreases the need for ureteral reimplantation.%°°7 
Lackgren and Stenberg noted, however, that when 
the endoscopic correction of reflux in children with 
dysfunctional elimination syndrome was undertaken, 
they found an overall cure rate of 65% across all 
grades of reflux, indicating no particular difference as 
to whether or not preinjection bladder retraining had 
been undertaken.?* Of 35 patients that were cured of 
their reflux on a single injection, 8 continued to have 
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evidence of minor bladder dysfunction, whereas 27 
appeared to have completely resolved their symptoms 
of bladder dysfunction. This may indicate a potential 
role of the reflux in either the causation or the pro- 
motion of bladder dysfunction in this particular pop- 
ulation. 


Duplicated systems 


More experience is being gained in the use of 
injectable materials for duplicated systems. At one 
time, a duplicated system was considered to be a rel- 
ative contraindication to the use of injectable mater- 
ial;?? however, several reports have now indicated 
that, with experience, the success rate for the endo- 
scopic correction of reflux in the duplicated system 
approaches that of a single system. Miyakita et al!?! 
reported on their results with the use of PTFE in both 
partial and complete duplication. Their success rates 
were 87% in partial duplication and 59% in complete 
duplication. Similarly, Steinbrecher et al reported a 
cure rate of 68% in completely duplicated systems 
using PTFE.!°! Dewan and O’Donnell reported on 
32 children with duplex systems and VUR treated 
endoscopically with PTFE.!°? They were able to cure 
VUR in 21/32 patients. In the meta-analysis by Elder 
et al, the success rate of endoscopic correction for 
duplicated systems was 50% compared with 73% for 
non-duplicated systems.?° Perez-Brayfield et al 
reported a 73% success rate in using dextranomer 
microspheres for the endoscopic correction of reflux 
and completely duplicated systems.°! Lackgren et al 
reported on the use of Dx/HA copolymer and dupli- 
cated systems, and found a 63% success rate, defined 
by improvement to grade 0-1.103 

It should be pointed out, however, that the tech- 
nique of the injection varies with the anatomy. For 
those completely duplicated systems in which there is 
wide separation of the ureteral orifices, and, therefore, 
more likely to reflux just to the lower pole, separate 
injections under each orifice are recommended. How- 
ever, for those duplicated systems where the orifices 
are closely approximated, a single injection may suf- 
fice (Figure 46.8). 

Aboutaleb et al compared the results with polydi- 
methylsiloxane injection vs open surgery for the treat- 
ment of VUR in duplex systems.! The open surgical 
approach for reflux in this study was extravesical 
common sheath ureteral reimplantation. The endo- 
scopic injection of polydimethylsiloxane was per- 
formed in 15 patients with 22 refluxing units. The 
success rate for the endoscopic correction was 68% at 


Figure 46.8 (a) Duplicated left ureters with lower pole 
reflux. (b) Mound under lower pole refluxing orifice. 


3 months, 82% at 12 months, with 1 patient devel- 
oping contralateral VUR. There were no cases of de- 
novo hydronephrosis or UTIs postoperatively. This 
compared with the success rate of extravesical 
common sheath ureteral reimplantation of 96% at 3 
months and 97% at 15 months. The authors con- 
cluded that whereas injection therapy was highly suc- 
cessful in patients with low-grade VUR in duplex 
systems, it still fell short of the open surgical cure rate. 


Paraureteric diverticulum with VUR 


Bladder diverticulum can be found in association with 
VUR. Whereas those diverticulae which are small 
have a similar spontaneous resolution rate as primary 
VUR, moderate to large diverticulae, which usually 
lie lateral and cephalad to the ureteric orifice, will 
often drag the orifice into the diverticula on filling or 
voiding. This relationship portends a poor sponta- 
neous resolution rate. The presence of a paraureteric 
diverticulum that is associated with reflux presents a 
significant challenge to the accurate placement of 
material at the UVJ endoscopically. Perez-Brayfield et 
al?! report on six such cases, with a respectable success 
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rate of 67% using the Dx/HA copolymer. It appears 
that with experience, therefore, the presence of a 
paraureteric diverticulum represents only a relative 
contraindication to endoscopic treatment. Puri and 
Lackgren (pers comm) have stated that a modified 
technique to this anatomy is needed, in which the 
material is injected beneath the ureteric orifice for a 
longer length into the diverticulum. 


The refluxing ureteral stump 


There have been isolated reports of success using the 
endoscopic approach for the refluxing ectopic ureter, 
refluxing ureteral stump, and reflux after transurethral 
ureterocele incision.?!1%.106 The results in the ectopic 
ureter, however, have been very disappointing to 
date.°? This may also be true for the refluxing stump, 
which is often ectopic at or below the bladder neck, 
although there have only been a few reported 


cases, 106,107 


Failed ureteral reimplantation 


From the report of the American Urological Associa- 
tion Pediatric Vesicoureteral Reflux Guidelines Panel, 
the success rate for correction of reflux by open 
ureteral reimplantation ranges from 80 to 99%, based 
on the grade of reflux.!°” Overall, the incidence of 
persistent reflux is generally 2% and the incidence of 
ureteral obstruction is 2%. Reoperation for the failed 
ureteral reimplantation can be a difficult procedure, 
with a significant complication rate.!°° There have 
been reports on the use of the endoscopic approach to 
reflux correction for the failed ureteral reimplanta- 
tion 21109-111 

Kumar and Puri reported on 31 children with per- 
sistent reflux with 40 persistently refluxing units after 
failed ureteral reimplantation.! These patients repre- 
sented a diverse group of refluxers, including primary 
refluxers, duplicated systems, reflux secondary to neu- 
ropathic bladder, posterior urethral valves, uretero- 
cele, bladder exstrophy, and UVJ obstruction. 
Twenty-seven of 40 persistently refluxing units were 
cured after a single injection of PTFE, 7 refluxing 
units required two injections, and 4 required three 
injections for correction of the reflux. Failure to cor- 
rect reflux by endoscopic correction was noted in 2 
ureters of one patient with bladder exstrophy. In the 
report by Gaschignard et al, 1 of 12 patients devel- 
oped a late meatal stricture, occurring 2 years after 
endoscopic correction following a failed ureteral 
reimplantation.!"! Perez-Brayfield et al reported on 
17 patients who had failed open surgical correction of 


reflux. The success rate with endoscopic correction in 
this group was 88%.?! Capozza et al reported success 
in 12 of 18 ureters with endoscopic treatment after 
failed ureteral reimplantation.“ In a review of 9 stud- 
ies and 80 ureters, Elder et al reported a cumulative 
success rate of 65% for endoscopic injection after 
failed ureteral reimplantation, compared with 74% in 
the non-reimplanted ureter.7¢ 


Complications 


The risk/benefit ratio for endoscopic correction of 
reflux remains very low. Specific complications related 
to inherent material properties have been mentioned, 
such as particle migration with PTFE and with poly- 
dimethylsiloxane. Other specific concerns have been 
raised, such as malignant degeneration with PTFE or 
the development of connective tissue disorders with 
polydimethylsiloxane.°b 112-115 

More generic complications, such as ureteric 
obstruction, have been reported infrequently. Engel 
et al reported obstruction in a single ureter after the 
endoscopic implantation of PTFE in their series of 60 
injected ureters.*4 In the reported series by Capozza 
et al of 1244 patients injected with a variety of mate- 
rials, 8 (0.006%) developed temporary obstruction, 2 
requiring a double-J stent.44 In their meta-analysis, 
Elder et al noted a very low incidence of post- 
injection hydronephrosis (Table 46.7).?° Other out- 
comes such as UTIs, febrile or not, do not appear to 
occur with an increased frequency over that seen with 
open ureteral reimplantations: 6.4% in a meta-analy- 
sis of 11 studies, 0.7% for febrile UTI, and 6% for 
cystitis.?° 

The development of contralateral denovo VUR fol- 
lowing reflux correction may be troublesome.!!° 
Studies by Ross et al indicate a 35% risk of contralat- 
eral VUR after unilateral open correction if there has 
been a remote history of contralateral VUR.!!7 
Hoenig et al reported an incidence of contralateral 
VUR occurring in 17% of cases after unilateral open 
correction similar to that reported by other sur- 
geons.!!6,118-120 Following the endoscopic correction 
of reflux with PTFE, Kumar and Puri reported the 
contralateral denovo VUR rate to be much lower, at 
7%.'*1 Similarly, Kirsch et al reported its occurrence 
in 4.5% with Dx/HA copolymer.!> This would led 
credence to the theory of trigonal distortion during 
open reimplantation rather than a pop-off mechanism 
theory as the etiology for denovo postoperative 
VUR.!22 
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Table 46.7 De-novo postinjection hydronephrosis based on material used: a meta-analysis 


Denovo hydronephrosis/total number? 


No. requiring intervention? 


Material 

Polytetrafluoroethylene 34/3616 
Collagen 2/947 
Polydimethylsiloxane 4/347 
Dextranomer 2/385 


a From Elder et al.26 


Recurrence of vesicoureteral reflux 


Recurrence after proven correction of reflux remains 
an issue with certain materials. The difficulty is deter- 
mining a firm and reliable figure for this, as only 
selected series have performed a VCUG beyond the 
initial negative study. In addition, one must distin- 
guish between a maintained clinical cure (i.e. no 
febrile UTIs) and a proven long-term cure by a nega- 
tive VCUG. Chertin et al reported on 247 patients 
who were treated for VUR with PTFE and followed 
for 17 years.” They reported a recurrence rate of 5%, 
with 1.8% requiring open ureteral reimplantation. 
Capozza et al reported on their long-term experiences 
with bulking agents — specifically PTFE, collagen, and 
dextranomer — in 1244 patients, all of whom had a 
VCUG at 3 and 12 months postinjection. They found 
that a significant percentage of those patients who 
relapsed had evidence of voiding dysfunction by mic- 
turation questionnaire.** Lackgren et al reported their 
long-term results with the use of Dx/HA copolymer 
in 221 children who had a VCUG at 3 and 12 months 
postinjection.!+ In addition, a later VCUG was per- 
formed in 49 patients 2—5 years after initial treatment. 
Reflux on the late VCUG occurred in 13% of those 
previously cured. It is unclear how many, if any, of 
those late recurrences were symptomatic. 

Haferkamp et al reported on the use of a second 
collagen injection in 16 children with 21 ureters, with 
a failed first injection.48 They found that the reflux 
was cured after a second injection in 17/21 ureters. Of 
those cured with a second injection, a repeat VCUG 
was performed every 6 months, with a mean follow- 
up of 11 months. Of these patients, 8 ureters 
remained reflux free, whereas in 9 units the reflux 
recurred. The authors noted that the interval to recur- 
rence of reflux was longer after the second injection 
compared with the first injection. In a similar report, 
Haferkamp et al found that of 55 renal units success- 


fully treated with collagen, only 5 (9%) remained 
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reflux free after 37 months of follow-up.48 Other 
studies have shown a more modest recurrence rate of 
11-16%. In a report of 132 children, Frey et al 
reported late reflux recurrence in 11.3% of 204 renal 
units treated with GAX 35 collagen.” In the meta- 
analysis study by Elder et al, the probability of recur- 
rence for all agents used was 8%.”° Overall, it appears 
that collagen carries a higher recurrence rate than 
other bulking agents that have been followed with a 
VCUG beyond 1 year postinjection, with the lowest 
recurrence rate from PTFE. 


Reasons for failure of endoscopic 
treatment 


Whereas most series have demonstrated a high suc- 
cess rate for the endoscopic subureteric injection for 
the treatment of VUR, very few have discussed the 
reasons for failure. The mechanisms of failure of 
endoscopic correction of reflux can be divided into 
three categories: 


E technical factors 

E bladder dynamics issues 

E individual physical properties of the particular 
material used. 


Technical factors include anatomic abnormalities of 
the UVJ or bladder, including duplicated systems, 
paraureteric diverticulum, a trabeculated bladder, 
either from neuropathic origin, or obstructive origin, 
be it functional or anatomic, or a previously reim- 
planted ureter. In addition, the position of the orifice 
can certainly be influenced by the degree of fullness of 
the bladder, making the injection zone for the mater- 
ial larger or smaller. It is also theoretically possible 
that — with the bladder relatively empty at the time of 
the injection, as is the standard recommendation — 
when the bladder fills, the mound and orifice may not 
have the same relationship to each other. 
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Factors relative to bladder dynamics include scenar- 
ios where elevated bladder pressure is present, such as 
seen in the neuropathic bladder, the previously 
obstructed bladder, or in dysfunctional voiding. It is 
theoretically possible that in the face of elevated blad- 
der pressures from whatever etiology, the shifting of 
the mound may be possible from the pressure itself. 
Capozza et al implied that voiding dysfunction could 
contribute to endoscopic injection failure.4 They theo- 
rized that elevated intravesical pressures could displace 
or shift the injection mound or cause migration from 
the original site of implantation. They found, in retro- 
spect, that a high percentage of those patients that had 
failed initial endoscopic treatment had evidence of 
voiding dysfunction on clinical evaluation. Therefore 
they advocated that voiding dysfunction be addressed 
prior to undertaking the endoscopic treatment for 
reflux. Trsinar et al also observed displacement of failed 
injection mounds and theorized that this was due to 
voiding dysfunction, although there were no urody- 
namic studies or voiding diaries presented.4 

Specific material properties may also play a role in 
the failure of endoscopic correction of reflux. Materi- 
als that have been utilized have a variable degree of 
longevity. Loss of material can occur either by 
absorption of the carrier substance that is used for the 
specific material, as seen with glycerol for PTFE, 
hyaluronic acid with dextranomer particles, alginate 
solution with chondrocytes, or aqueous gel with cal- 
cium hydroxylapatite. These materials will be 
absorbed in a variable amount of time from the 
implant site, decrease the site of the injection mound, 
and, therefore, possibly hinder the mechanism for 
ureteral closure or insufficient support of the intra- 
mural ureter. In addition, there is an intrinsic mater- 
ial biodegradability that plays a role with certain 
substances. Collagen is known to have a significant 
loss of volume over time and its long-term success is 
thought to be due to the development of natural col- 
lagen to replace the resorbed injected collagen. Hafer- 
kamp et alf? demonstrated a low rate of long-term 
success with collagen in that after 37 months only 5 
out of 57 ureters previously corrected with a single 
injection remained cured. Similarly, dextranomer 
microspheres have some degree of biodegradability, 
which eventually should be replaced by the ingrowth 
of native fibroblasts. 

The ability of a particular material to weld at the 
injection site may be a factor in the long-term success 
as well. Materials that tend to create an inflammatory 
response may be more likely to stick to the site of the 
injection. The viscosity of the material may also be a 


factor that may or may not allow it to easily leak 
through the needle track of the injection site. 

When dealing with autologous materials, as previ- 
ously mentioned, free graft issues come into play. The 
ability of fat, collagen, muscle, or chondrocytes to 
grow in their new location may require some of the 
same principles of imbibition and inosculation as with 
larger tissue graft physiology. This was shown in the 
report by Diamond et al on autologous chondrocytes 
in which those mounds that were explanted at the 
time of ureteral reimplantation failed to demonstrate 
viable chondrocytes. !?4 

Several studies have documented that in those cases 


where observation of the injection site was possible 
after a failed implantation, displacement appeared to 
occur quite frequently (Figure 46.9). In a series 
reported by Diamond et al on cystoscopic examina- 


Figure 46.9 Mound shifting or displacement. (a) 
Appearance of mound and left ureteral orifice at time 
of initial injection. (6) Appearance at time of reinspec- 
tion for persistent VUR on VCUG. 
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Figure 46.10 Perfectly injected mound with persistent VUR on VCUG classified as an indeterminate failure. 
(a) Mound on recystoscopy. (b) VCUG demonstrating left VUR. 


tion of patients who had failed subureteric injection 
with autologous chondrocytes, it was noted that 35% 
had mound shifting, 25% had shifting and volume 
loss, and 13% had isolated volume loss. It appeared 
that the most frequent direction of mound shifting 
was distally and medially towards the bladder neck 
from the original injection site.!?? Eleven percent of 
their population, however, were classified as indeter- 
minate: i.e. there was failure on postoperative VCUG 
to resolve the reflux but the appearance of the mound 
on cystoscopic or intraoperative inspection was per- 
fectly normal (Figure 46.10). Other studies also 
found that either mound displacement or absence of a 
mound were the most common causes of failures on 
reinspection either cystoscopically or by open surgery 
of failed primary injections.°?:!24-126 

Few studies have focused on failures from the injec- 
tion of the dextranomer microspheres. Capozza et al 
reported on 45 failures with Dx/HA copolymer, and 
found 60% had mound displacement and 33% had 
absence of the mound on reinspection.!?”7 They 
reported a high percentage of their cases with failed 
dextranomer microspheres and suspected high intrav- 
esical pressures noted by voiding diaries. In 2 cases, 
however, there was a unilateral cure and contralateral 
mound displacement. It is uncertain as to whether 
this represented a technical failure or an anatomic fail- 
ure. However, it is unlikely that they represented 
abnormal bladder physiology. Kirsch et al!’ reported 
on 18 patients who underwent reinjection for primary 
failures, and found that 61% had shifting of the 


mound away from the injection site. In the remainder 
of patients, the mound was either absent or present, 
and, therefore, indeterminate. 


Conclusion 


With a technology that is reproducible and at least a 
single agent that is widely available for endoscopic 
correction of reflux that appears safe, the obvious 
question that is raised is where does this fit in the 
management of children with VUR? This question 
must be addressed in light of the present day concerns 
for the use of long-term antibiotics with growing pat- 
terns of resistance. Studies have questioned the effec- 
tiveness of long-term antibiotic prophylaxis,!?8 
the potential for long-term complications.!?? In this 
regard, Stenberg et al have proposed an algorithm 
which includes a shorter term of antibiotic prophy- 
laxis, based on the child’s age and grade of VUR, with 
endoscopic treatment with Dx/HA copolymer, as 
seen in Figure 46.11.19 The use of Dx/HA copoly- 
mer has been shown to be a cost-effective alternative 


and 


to open surgery for persistent VUR in children on a 
prophylactic antibiotic program.!31 

The effectiveness of endoscopic therapy requires 
that its approach be presented to parents as an 
upfront treatment in lieu of antibiotics. However, 
there has been a paucity of studies looking at long- 
term outcomes in a comparative analysis between 
antibiotic therapy and endoscopic correction. Studies 
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VUR grade l-ll 
Patients 0—10 years 
(unilateral/bilateral) 


VUR grade III—IV 
Patients 0-10 years 
(unilateral/bilateral) 


Diagnosis 


VUR grade V 
Patients <1 year 
(unilateral/bilateral) 


VUR grade V 
Patients 1—10 years 
(unilateral/bilateral) 


VUR cured or resolved 
Antibiotic prophylaxis 


Endoscopic implantation 
with Dx/HA copolymer 


Open surgery 


Figure 46.11 Algorithm proposed by Lackgren et al for the management of VUR in children, incorporating an endo- 
scopic correction into the treatment plan. (Reproduced from Lackgren et al,5' with permission.) 


which have shown endoscopic treatment with Dx/HA 
copolymer to be more effective than antibiotic pro- 
phylaxis have often been of relatively short duration, 
raising the criticism of an adequate clinical trial. Addi- 
tionally, is the outcome of VUR resolution the only 
outcome we should be concerned with? These ques- 
tions will only be answered with multivariant 
prospective trials, which are difficult to perform in 
children. It is possible that endoscopic correction may 
change our approach to children with secondary 
reflux as well. Traditionally, children with neurogenic 
bladders or dysfunctional voiding and VUR are 
approached by managing the bladder dysfunction ini- 
tially and reserving correction of VUR for those chil- 
dren with upper tract deterioration or breakthrough 
pyelonephritis. One could argue, however, as this 
population has a high rate of breakthrough UTIs and 
renal scarring,!*? for correcting the VUR endoscopi- 
cally while ongoing and often tedious efforts at blad- 
der rehabilitation are undertaken, thus protecting the 
upper tracts from pyelonephritis and potential scar- 
ring. This approach may have merit in light of the 
observation of Liackgren and Stenberg on the 
improvement in dysfunctional voiding in children 
treated primarily with endoscopic injection of Dx/HA 
copolymer without bladder management, implying 
that the reflux itself may contribute in some way to 
the abnormal bladder function.?® Clinical trials in 
these scenarios would be most valuable. 

In the integration of new technology and new con- 
cerns in the management of children with VUR, it 
would be helpful if we were better able to identify 


groups at high and low risk for renal scarring and tailor 
our management accordingly. With further progress in 
clinical research of VUR, we may be able to withhold 
therapy for certain low-risk groups, while taking a very 
aggressive approach, by either endoscopic correction or 
open ureteral reimplantation, for patients at high risk 
of renal scarring from VUR and infection. 


Key points 


1 Technique of endoscopic injection: 

E an incompletely filled bladder improves the 
accuracy of the injection 

E the needle is introduced with the bevel up 

E the assessment of the mound position should be 
made after an injection of 0.1-0.2 ml. 

2 Key characteristics of commonly used materials: 

E polytetrafluoroethylene demonstrated a high 
success rate, with tendency for particular migra- 
tion and foreign body reaction 

E cross-linked bovine collagen demonstrated an 
early success rate, with lack of durability 

E polydimethylsiloxane demonstrated an excellent 
success rate, with the potential for particulate 
migration 

E dextranomer microspheres demonstrated excel- 
lent success rate, with no evidence of migration. 

3 Complications: 

E malignant degeneration or the development of 
connective tissue disorders is material depen- 
dent 
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E ureteral obstruction has been reported infre- 
quently with most materials 

E development of contralateral denovo VUR 
occurs less commonly with injection therapy 
than with ureteral reimplantation. 


4 Reasons for failure of endoscopic treatment: 


E specific material properties play a significant 
role in the failure rate of endoscopic correction 
as well as durability 

E bladder dynamic factors may play a role in suc- 
cess rate insofar as they may result in mounds 
shifting within the bladder 

E the most common finding in failed endoscopic 


correction has been mound shifting towards the 
bladder neck. 
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Introduction 


The urinary bladder is a unique organ. As a hollow 
structure, it demonstrates a remarkable integration of 
neuromuscular, mechanical, and physical properties 
that are crucial for its normal function. No other 
organ is evolutionarily programmed to fill with fluid 
over hours at low pressures, and then contract on 
demand to evacuate its contents. The bladder is the 
only autonomic organ under voluntary control. 
Indeed, the sociobiologic etiology and reasons for the 
existence of this unique behavior have been argued 
for decades. Although the ability to accommodate a 
fluid volume (filling) is thought to represent largely a 
passive phenomenon, this is not entirely the case. 
Recruitment of active neuromechanical properties is 
crucial for maintenance of low intravesical pressures 
during filling, and to this end the character of the sur- 
rounding cellular elements and extracellular matrix 
(ECM) can either facilitate or compromise this func- 
tion. Bladder contraction (emptying), on the other 
hand, is largely an active neuromuscular process, 
although it is also influenced by the physicochemical 
nature of the ECM, and obviously depends on the 
overall mass and optimal functional status of bladder 
smooth muscle cells (bSMCs). This chapter reviews 
some of the biologic concepts related to normal blad- 
der development and function, a complex orchestra- 
tion of events that, if disturbed, can lead to a 
significant functional disharmony that places both 
continence and renal function at risk. 


Bladder development 


The urogenital sinus develops to form the bulk of the 
urinary bladder, with its endoderm giving rise to the 
urothelium and the surrounding mesenchyme to the 
lamina propria and smooth muscle layer. A smaller, 
albeit crucial, part of this organ — the trigone — origi- 
nates from the gradual incorporation of the 


mesonephric ducts and ureteric buds into the caudal 
aspect of the bladder wall.! Early in gestation the 
undifferentiated mesenchymal cells are highly prolif- 
erative? and differentiate into smooth muscle cells 
with ample spatiotemporal opportunity for interac- 
tion with the surrounding primitive urothelium.’ As 
differentiation occurs, fetal bSMCs begin to express 
markers that will come to signify their smooth muscle 
lineage — -smooth muscle actin, desmin, and smooth 
muscle myosin — in a process that coincides with 
changes in expression of specific ECM proteins such 
as collagen, fibronectin, and laminin.> Although the 
significance of these temporal associations is still not 
completely understood, they highlight the early mol- 
ecular interactions between different developing cell 
types and their surrounding environment. Evidence 
to date indicates that specific epithelialI-mesenchy- 
mal-ECM interactions are necessary for orderly dif- 
ferentiation and development. For example, laminins 
and fibronectin have been found in the basal lamina 
during development, and are probably important in 
mediating interactions between the developing 
urothelium and its underlying mesenchyme.! Other 
ECM molecules, such as the structural collagens, 
whose different types are expressed differently 
between the lamina propria and detrusor muscle 
fibers,° interact with adjacent cells via specific cell-sur- 
face receptors, the most important of which are 
believed to be the integrins.” The cell-matrix trans- 
duction of different stimuli through different 
mechanoreceptors (integrins, cell adhesion molecules, 
and selectins) probably regulates cellular proliferation 
and differentiation, as well as modulates ECM syn- 
thesis.” Consequently, normal prenatal bladder devel- 
opment not only results from a complex interaction of 
ECM and developing cells but also depends on appro- 
priate mechanical stimulation. As gestation pro- 
gresses, this type of stimulation varies as a result of 
the multiple factors regulating the mechanical disten- 
tion stimulus. Compliance appears to increase gradu- 
ally, the bladder wall thickness and composition 
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changes,” and urine production increases as the fetus 
grows. Later, the bladder acquires a pattern of cycli- 


cal emptying. 


Contraction and relaxation 


As storage and emptying alternate, the complex func- 
tion of the detrusor muscle demands integrated con- 
trol of perhaps its most important cellular 
component, the smooth muscle cell. During filling, 
bSMCs must relax and elongate over a considerable 
length of time (hours) to accommodate the urine 
volume at low pressures. Conversely, during micturi- 
tion a rapid change occurs, leading to coordinated 
and synchronized force generation and cell shorten- 
ing. By means of dense innervation and abundant 
intercellular communications (gap junctions), these 
activities — contraction and relaxation — respond to 
various transmitters and modulators that activate dif- 
ferent cellular pathways. 1° 

Contraction of bSMCs is mainly the result of inter- 
action between the contractile proteins actin and 
myosin, in a similar manner to other muscle cells in 
the body. In an energy-dependent process, a multi- 
step enzymatic reaction allows for the cross-bridging 
and attachment of these two proteins in a cyclical 
fashion, following the same general scheme proposed 
for skeletal muscle. ATP is the immediate energy sub- 
strate, and is crucial for membrane pump Ca?* han- 
dling, phosphorylation events, and cross-bridge 
cycling. The cellular concentration of ATP is there- 
fore essential, and is maintained by mitochondrial res- 
piration, glycolysis, and 
high-energy compound phosphocreatine. Successful 
regulation of free Ca?* in the cytosol is a highly 
energy-dependent process. Activation of the contrac- 
tile apparatus by phosphorylation of the myosin light- 
chain kinase is modulated by cytosolic Ca?*, whose 
concentration is regulated by Ca?* channel pumps in 
the sarcoplasmic reticulum and plasma membrane. 
Thus, significant energy expenditures are required to 
maintain these Ca?* gradients. Therefore, mitochon- 
drial function is yet another factor essential for the 
normal generation of the contractile force by 
bSMCs.!! 

Even though different isoforms have been 
described for both actin and myosin, their functional 
significance remains unclear. Smooth muscle myosin 
is composed of a pair of heavy chains and two pairs of 
myosin light chains. Through alternative splicing, the 
mRNA that encodes vertebrate smooth muscle 


conversion of the 


myosin heavy chains can produce two C-terminal iso- 
forms (SM1 and SM2) and two N-terminal isoforms 
(SMA and SMB). Some studies suggest that the SM1 
isoform forms better contractile filaments than SM2, 
and that SMB is associated with increased ATPase 
activity, increased shortening velocity, and more 
phasic contractions than the SMA isoform.!?-l4 
Although it remains possible that the presence and 
relative concentrations of actin and myosin vary with 
developmental state and in response to obstruction or 
other pathologic processes,!+!5 their function not 
only supports the contractile apparatus but also helps 
to define the cytoskeleton.!° Indeed, the cytoskeletal 
framework of the bSMC forms a dynamic structure, 
with linkages to the ECM. At the same time, these 
points of linkage, or adhesion complexes with the 
ECM, mediate intracellular signaling that leads to 
gene expression, cell migration, cell growth, apopto- 
sis, and adaptation.!!7!8 Although a relatively novel 
finding in urology, this paradigm has been appreci- 
ated in other biologic systems where it governs 
cell-matrix relationships in a multitude of ways. Nev- 
ertheless, it should be pointed out that, at this time, a 
coherent picture of the molecular nature of bladder 
outlet obstruction remains elusive. The question is a 
difficult one, as bladder outlet obstruction seems to be 
remarkably heterogeneous. 


Mechanotransduction 


Cycling between filling and emptying continually 
exposes the bladder to mechanical stimulation, with 
force transduction to the cells and their surrounding 
environment. As a conditioning and modifying 
process, forcible changes in cell shape induced by var- 
ious combinations of stretching, contraction, pres- 
sure, and membrane and cytoskeletal deformation 
eventually lead to alterations in gene expression 
(Figure 47.1). The macroscopic changes often appre- 
ciated in the bladder wall are thus the result of genet- 
ically mediated tissue remodeling and activation of 
different molecular pathways. The process of convert- 
ing physical forces into biochemical signals and inte- 
grating these signals into a cellular response, also 
known as mechanotransduction,!? is an important 
concept in bladder development and response to dif- 
ferent pathologic stimuli. The bladder, among other 
mechanosensitive organs, derives essential mitogenic 
stimuli from mechanical stimulation through the acti- 
vation of members of the mitogen-activated protein 
kinase (MAPK) family — the c-Jun N-terminal kinase 
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Figure 47.1 Mechanotransduction: schematic representation of conditioning forces (depicted as action over handle 
on the cytoskeleton), leading to changes in cell shape. This can be induced by various combinations of stretching, 
contraction, pressure, and membrane and cytoskeletal deformation, eventually leading to alterations in gene expres- 
sion. Note that the integrins are shown as important mediators of such a process. ECM, extracellular matrix; bSMC, 


bladder smooth muscle cells. 


JNK), p38, and extracellular signal-regulated kinase 
(ERK)?! — and other pathways (such as the phos- 
phoinositide 3-kinase (PI3K)/Akt pathway),?? that in 
turn up-regulate and activate transcription factors 
responsible for cell growth and survival. 

A key factor in this process is the signaling system 
that mediates this mechanotransduction. It is proba- 
ble that the pathways are multiple and perhaps redun- 
dant; however, it is currently believed that the 
integrin receptors, along with stretch-activated ion 
channels, play an important role in these series of 
events.” These linkage molecules are almost ubiqui- 
tous, acting as a relay between the matrix and differ- 
ent cells. Individual tissues thus display different 
complex responses to mechanical stimulation, the 
eventual response modulated by the type of mechani- 
cal stimulation as well as the signaling molecules and 
transcription factors expressed by that particular 
tissue.!? As a group, these ECM receptor molecules 
provide a physical link between cell membranes and 
surrounding structural ECM proteins, such as colla- 
gen, laminins, vitronectin, and fibronectin. In partic- 
ular, the integrins represent a large and versatile 
family of heterodimeric transmembrane mechanore- 
ceptors capable of transducing a wide range of alter- 


ations in the cell microenvironment.”* Growth factors 
can further stimulate cell responses through integrins 
by either mutual interaction, or integrin clustering 
with growth factor receptors. This process is tightly 
regulated and expression of different integrin subunits 
may be specifically modulated by different growth 
factors and/or ECM molecules under different devel- 
opmental and pathologic situations. Even though 
much of the current knowledge about these molecules 
remains to be revealed in relation to the bladder, their 
importance in response to bladder distention and 
dynamic alterations in ECM expression has been 
demonstrated.” 


Smooth muscle growth 


The generation of contractile force is one of the prin- 
cipal roles for bSMC. Beyond the immediate effect of 
recruitment and longer contraction times, bladder 
response to increased work demand (i.e. increased 
outlet resistance) results in an increase in bSMC mass 
through hypertrophy (increase in cell number) and 
hyperplasia (increase in cell size). Bladder SMC 
growth is mediated by growth factors such as basic 
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fibroblast growth factor (bFGF), platelet-derived 
growth factor-BB (PDGF-BB),”> and heparin-bind- 
ing EGF-like growth factor (HBEGF),”° along with 
other mitogenic signals. In many instances, the tran- 
scription of specific genes eventually leads to increase 
in cell mass and/or number, and is mediated through 
MAPKs,” as previously mentioned, although other 
kinase signaling families are probably involved 
(Figure 47.2). These bioactive peptides contribute to 
tissue expansion through autocrine and paracrine sig- 
naling mechanisms. It has become increasingly clear 
that diverse signals can participate in a number of pos- 
itive and negative feedback loops which may amplify 
or reduce the initial stimulus, differentially contribut- 
ing to specific DNA transcription, protein synthesis, 
and inactivation of proapoptotic pathways. There 
exists considerable interest in the modulation of the 
bSMC mitogenic response, as it is believed that pro- 
gressive increase in smooth muscle mass is a key com- 


ponent of bladder dysfunction. Currently, 
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management of bladder wall thickening is based on 
the use of anticholinergics, such as oxybutynin and 
tolterodine. Interestingly, besides its well-described 
antimuscarinic effect, oxybutynin appears to inhibit 
bSMC proliferation and gene expression in vitro, 
giving us another potential explanation for its proven 
clinical efficacy.?? Once the pathways mediating a 
mitogenic response are better elucidated, specific 
inhibitors may lead to clinical trials. As an example, a 
recent area of interest has been regulating compen- 
satory bladder hypertrophy with calcineurin 
inhibitors as and FK506 
(tacrolimus). Initial evidence suggesting modulation 
of cardiac muscle hypertrophy has been described in a 
transgenic model of murine cardiac hypertrophy,*° 
and more recently in a bladder outlet obstruction 
animal model.*! Ideally, translational research would 
be the venue for new pharmacologic therapies to be 
developed; however, molecules such as botulinum 
toxin have appeared in experimental clinical use based 
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Figure 47.2 Signaling cascades in bladder smooth muscle cells: external stimuli are transduced by stretch-activated 
ion channels (SAC), receptor tyrosine kinases (RTK), G-protein coupled receptors (GPCR), and integrin subunits. 
SAC-mediated calcium (Ca?+) entry promotes calmodulin (CaM) binding and activation of myosin light-chain kinase 
(MLCK), leading to MLC phosphorylation and initiation of smooth muscle contraction. MLC phosphatase (MLCP)- 
induced relaxation is inhibited by Rho-associated kinase (ROCK). Ca2+ influx also activates calcineurin (Cn), leading 
to dephosphorylation and nuclear translocation of transcription factors (TF). RTK activation promotes activation of 
the mitogen-activated protein kinases (MAPKs) Erk, p38 stress-activated protein kinase 2 (SAPK2), and c-Jun N- 
terminal kinase (JNK), and Akt. These signaling intermediates in turn promote activation and nuclear translocation 
of TF, and alterations in gene expression. (Adapted from Adam,”° with permission.) 
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on an acceptable clinical response in other condi- 
tions.*?-34 Known to have a chemodenervating effect 
based on skeletal muscle studies, the different toxin 
serotypes (BTX A-G) target different proteins 
involved in the SNARE [soluble N-ethylmaleimide- 
sensitive factor attachment protein (SNAP) receptor] 
proteins complex*? (Figure 47.3). The mechanism of 
action in smooth muscle, however, may be more 
complex, as new evidence suggest an antinociceptive 
and neuromodulating effect.*4 

Even though several elegant studies have suggested 
that different growth factors contribute to bladder 
impedance pathology, these proteins are by no means 
the exclusive mediators of bSMC mechanical 
responses. For instance, studies of the cyclooxygenase 
(COX) pathway have suggested that COX-2 expres- 
sion — active during bladder development*® — is re- 
expressed during bladder distention?” (making 
COX-2 inhibitors potential pharmacologic inhibitors 
of stretch-induced bSMC proliferation). These obser- 


Neuromuscular junction 


vations suggest that obstruction responses may reacti- 
vate mechanisms employed during development 
itself. Teleologically, this may represent an effort to 
restore the function originally intended during devel- 
opment. Convergence of these protein and enzymatic 
pathways in the regulation of bladder obstruction has 
yet to be demonstrated. 


Extracellular matrix remodeling 


As the bladder develops, or adapts to different stim- 
uli, the extracellular matrix also remodels in concert 
with the changes described for bsMCs. An important 
group of enzymes — the matrix metalloproteinases 
(MMPs) — are crucial in this process of altering the 
ECM structure and function. They are multifunc- 
tional proteases that degrade ECM proteins, liberate 
or modulate the bioactivity of growth factors, 
cytokines or other proteases, as well as alter the bio- 
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Figure 47.3 Under normal conditions, acetylcholine is packaged in vesicles that fuse with those of the nerve termi- 
nals, releasing the transmitter into the synaptic cleft. This process is mediated by a series of proteins, collectively 
called the SNARE proteins. Botulinum toxin cleaves the SNARE proteins, preventing assembly of the fusion com- 
plex and thus blocking the release of acetylcholine (Adapted from Rowland,*° with permission.) 
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physical characteristics of the matrix. A cascade of 
events is initiated in the setting of excessive distention 
or high-pressure emptying, grossly resulting in thick- 
ening of the bladder wall. In conjunction with bsMC 
hyperplasia and hypertrophy, there is an increase in 
collagen synthesis, with deposition of collagens I and 
III,*8 associated with increased expression of MMP-2 
and MMP-9, which are MMPs known to have an 
active role in matrix turnover in animal models.*? 

While the bladder matrix contributes to the physi- 
comechanical characteristics of bladder dysfunction, it 
is proving to directly orchestrate bSMC biologic 
responses as well. The prototypical matrix protein in 
the bladder is fibrillar collagen. Stretching bSMCs 
promotes collagen production, and bladder obstruc- 
tion models have demonstrated the new expression of 
both protein and collagen mRNA within the muscle 
bundles. Mostly, type I and type III are associated 
with the detrusor, although 19 different collagen 
types have been identified so far in other tissues, some 
with structural roles and others that associate with the 
structural types. For example, type XII collagen con- 
tributes to cross-linking type I fibrils during fiber 
assembly and may contribute to stiffness of tissues. 
Furthermore, type XII mRNA expression increases 
during mechanical distention of the whole bladder.*° 
Diverse matrix alterations (accumulation, breakdown, 
redistribution, and structural rearrangements) are all 
occurring when tissues are remodeled during devel- 
opment as well as during response-to-injury or 
wound repair. In fact, many biologic mechanisms in 
development are recapitulated during repair. MMPs 
are substances with the ability to edit matrix collagen 
as well as many of the other ECM proteins. Although 
MMPs are now known to perform a variety of func- 
tions, they are best known for their originally 
described ability to break down (proteolyse) the ECM 
during morphogenesis, cell (tumor) invasion, and 
wound repair. Increased MMP activity or production 
has been described during bladder development and 
bladder obstruction in animal models. However, it 
now appears that the alterations in collagen may 
directly stimulate bsMC growth. When collagen is 
denatured experimentally, it elicits a strong prolifera- 
tive response in bSMCs. Similarly, when collagen is 
chemically proteolysed by MMPs, bSMC growth is 
stimulated.*! The proteolytic fragments released from 
the degradation of fibrillar collagen generate different 
signals than intact collagen, and potentially modulate 
bladder remodeling and bSMC growth by differential 
signaling pathways.*? 

It is likely that the receptors on the surface of all 


cells, including bSMCs, which permit cell-matrix 
attachment, are recognizing new epitopes in ECM 
macromolecules exposed as a result of protease activ- 
ity. Inhibition of matrix receptors, such as the inte- 
grins, can potentially prevent bSMC proliferation in 
response to proteolysed matrix. Since bSMCs them- 
selves are producing the enzymes (MMPs) responsi- 
ble for matrix rearrangement, a powerful dynamic 
reciprocity is being revealed wherein bSMCs cause 
matrix alterations, which can then directly stimulate 
bSMC growth. Since natural regulators or inhibitors 
of these molecules also exist in the bladder (tissue 
inhibitors of MMPs, or TIMPs), we begin to appreci- 
ate a complex set of balanced mechanisms that 
depend on cell—matrix interactions. These processes 
are probably disturbed during bladder obstruction 
responses. 

Finally, an integral, yet poorly understood and 
sometimes overlooked, part of the ECM is composed 
of proteoglycans and glycosaminoglycans. For 
instance, they may serve as ligands for some of the 
collagens present in the bladder wall and mediate 
response to injury or hyperdistention.*° Most of the 
current research regarding these molecules has been 
directed towards the urothelium and the protection of 
this layer against noxious stimuli, which is probably 
disrupted in conditions such as interstitial cystitis.* 
The accumulation of ECM proteoglycans and gly- 
cosaminoglycans is a known integral part of the early 
phases of tissue response to injury response, condi- 
tioning changes in the ECM that may serve to direct 
the later deposition of the structural collagens. Evi- 
dence for a role in bladder wall remodeling comes 
from studies on the receptors for the ubiquitous gly- 
cosaminoglycan hyaluronic acid, a molecule that 
appears to play a role in bSMC collagen gene expres- 
sion and regulation during distention.+°-*# 


Neurotransmitters and modulators 


Bladder function is tightly regulated, mainly under 
the influence of nervous and hormonal control sys- 
tems. To date, the muscarinic receptors seem to be 
the most important ones in regards to activation of 
detrusor contractions;# however, the relative impor- 
tance of others — such as the purinergic (P2X) and 
adrenergic receptors — gains relevance, depending on 
the species studied and the presence of a pathologic 
process. The human bladder can express all of the 
known cholinergic muscarinic receptors (M,-M,),*° 
with well-described predominance of the M, and M, 
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subtypes. 47 Even though the M, receptor has been 
clearly linked to detrusor contraction stimulation 
through activation of phosphoinositide hydrolysis 
and generation of inositol triphosphate, it is the M, 
receptor that predominates in the human bladder by 
a ratio of at least 3:1 over the M, subtype. Notwith- 
standing the unclear functional role of the M, recep- 
tor, it is interesting to note that its expression further 
increases in experimental pathologic states, potentially 
facilitating bladder contractions and muscle hypertro- 
phy Beyond the evidence for adenylyl cyclase 
inhibition after M, or M, activation, other ill-defined 
signaling pathways may be involved, such as modula- 
tion of purine-evoked relaxation and activation of 
non-specific cation channels. 10-45-50.51 Interest in this 
topic has been rekindled after the recent introduction 
of subtype selective pharmacologic agents: i.e. M, 
specific antagonists solifenacin and darifenacin.5? 

In regard to congenital disorders, the issue is com- 
pounded by the limited understanding of neural con- 
trol and maturation during development. Fetal 
human studies have shown variation in some receptor 
subtype expression when compared with adults, as is 
the case for P2X receptors.*? In contrast, most reports 
describe little difference in cholinergic innervation or 
response to stimulation of muscarinic receptors, sug- 
gesting functional capacity early in life.5+ Abnormali- 
ties in receptor expression and function are probable 
in disorders that affect the bladder during its organo- 
genesis. However, the role of these receptors in terms 
of detrusor functional alterations remains to be estab- 


lished. 


Posterior urethral valves as a model of 
congenital bladder outflow obstruction 


How the underlying molecular signaling cascades 
mediate survival and cell death can help lay the foun- 
dations for understanding how extrinsic pathologies 
mediate intrinsic bladder responses. Posterior urethral 
valves (PUV) represent an archetypical form of 
increased resistance to urinary flow in humans. In the 
pediatric sphere, this is somewhat analogous to the 
impedance generated by benign prostatic enlargement 
in the adult male. Whereas similar clinical bladder 
responses are noted between these two pathologies, 
multiple factors probably differentiate childhood 
from adult obstructive uropathies. PUV bladder tra- 
beculation and altered function represents a spectrum 
of pathology which may derive as much from its 
timing during gestation as it does from the degree of 


impedance. Experimental observations on extrinsic 
manipulation of the bladder neck would suggest that 
while extrinsic obstruction models do reproduce 
some of the structural and functional consequences 
seen in clinical PUV bladders, they may also unwit- 
tingly distract from the true nature of the problem at 
the molecular level. 

The ‘valve’ bladder has long been viewed as the 
bladder’s response to a mechanical problem. Bladder 
SMCs must simply work harder to expel urine. They 
must mount an increased contraction effort. In doing 
so, the bladder phenotype (structure and function) 
changes. Finely tuned neurosensory perception of 
pressure/stretch, which accompanies higher than 
expected voiding pressure, is relayed through reflex 
arcs and may increase efferent motor demands on the 
detrusor. Furthermore, abnormalities in the outlet 
region of the bladder neck and sphincter areas, which 
harbor the valves themselves, may give rise to neu- 
rodevelopmental changes that directly influence 
bSMC function. Nevertheless, the apparent normal- 
ization of PUV bladder morphology and function 
that can occur when valves are ablated suggests that 
bSMCs can retain the capacity for normal function 
despite the creation of an outlet defect during gesta- 
tion. This is in contrast to bSMCs from neurogenic 
bladders, which appear to harbor more permanent 
phenotypic changes, as demonstrated by in-vitro cul- 
ture experiments." It would seem then, that bsMCs 
themselves are sensing the presence of impedance to 
flow, whatever the etiology of the obstruction itself. 

During development and during the brief periods 
of normal unobstructed emptying, bSMCs are being 
programmed to accept and work against a range of 
elevated intravesical pressures. However, the resis- 
tance afforded by the PUV increases this pressure. 
Whether indirectly through a stretch/tension neural 
receptor mechanism and/or directly via SMC 
stretch/mechanoreceptors, alterations in muscle mem- 
brane ion channels, or changes in SMC shape, bladder 
SMCs contract more forcefully. As inefficient empty- 
ing progresses, the excessive bladder storage may 
actually overstretch the detrusor muscle to excess 
degree and duration; indeed, this may become a dom- 
inant insult that erodes bladder function. 

Clearly, the role of physical stretch and tension in 
bSMC biology is more complex and difficult to sort 
out from a mechanistic point of view than it first 
appears. We now appreciate that stretch operates 
under different conditions in different pathologies, 
and may contribute to bladder alterations at different 
points in natural history of any given obstructive 
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uropathy. The paradox is that although mechanical 
stretching of bSMCs in vitro may generate clinically 
familiar responses generated by hypercontracting or 
excessively stretched bSMCs in vivo, it may do so 
through physiologically irrelevant or unrelated mole- 
cular mechanisms. Nonetheless, to determine whether 
the physical stimulus of stretch per se can predict and 
elucidate relevant changes in bSMC phenotype, cul- 
tured bSMCs have been subjected to controlled 
mechanical stretching in vitro. Studies of this nature 
have provided compelling information and suggest 
that bSMCs alone may be a primary cellular recipient 
of relevant stretch (mechanical) stimuli in vivo. 


Limitations of research tools: in-vivo, 
ex-vivo, and in-vitro models 


The study of any biologic problem is often dependent 
on the availability of appropriate models. More 
importantly, investigation may be guided by a series 
of appropriately framed segments or aspects of the 
problem. As previously mentioned, these emerging 
segments include proteins and molecules which affect 
SMC growth and phenotype, the influence of 
mechanical and neural stimuli, and the role and regu- 
lation of the bladder ECM components. Clearly, these 
areas of investigation will intersect, and new segments 
of the problem are to be anticipated. Although none 
of the molecules currently reported to influence 
bSMC growth and behavior in the context of bladder 
obstruction have affected clinical practice as yet, they 
may hold keys to appreciating how bSMCs truly 
work. There are, however, conceptual shortcomings 
to the use of in-vitro, ex-vivo, and in-vivo animal 
models as a means of deciphering the intricacies 
behind normal and pathologic bladder function and 
development. Experimental conditions differ in 
timing, reversibility, stretching parameters, and 
cyclicity, as well as the nature (extrinsic vs intrinsic) of 
the obstructive stimuli. Therefore, the results 
observed are potentially not the same as the ones 
elicited by the detrusor in congenital anomalies. 


The promise of tissue engineering 


As the full potentials of molecular mechanisms and 
therapeutics, prenatal diagnosis, and sheer curiosity 
about bladder disease are awakened and converge in 
the coming decade, we can expect new and frankly 
unexpected approaches to emerge for the treatment 


and even prevention of obstructive bladder patholo- 
gies. Increasingly, intense research has focused on the 
fields of regenerative medicine and tissue engineering, 
as the principles of bioengineering, biomaterials, and 
cell transplantation are applied to construct biologic 
substitutes that would restore function in diseased 
urologic tissues.5° This process has uncovered that, 
perhaps not unexpectedly, the biology of the bladder 
is every bit as complex and enigmatic as the other vital 
body systems. It has proven difficult to regenerate all 
the functional layers of the bladder as the engineered 
tissue needs to have optimal mechanical and structural 
characteristics while being biocompatible and capable 
of eliciting enough neovascularization to survive once 
implanted.” Most of the available data are based on 
in-vitro and promising animal models.58 


Conclusion 


The past decades have witnessed a changing view of 
the bladder, from a simple organ that contracts in 
order to volitionally eliminate urine, to a complex 
unit responsive to fine neuromodulation and smooth 
muscle-ECM _ interaction.!415960 As such, the 
approach to bladder dysfunction is shifting from a 
symptomatic basis (based solely on treating urinary 
tract symptoms and incontinence) to measures aimed 
at preventing overdistention and high intravesical 
pressures. In this manner, the tendency is to prevent 
end-stage damage to affected organs (requiring 
aggressive and morbid interventions such as augmen- 
tation cystoplasty or renal transplantation) by modu- 
lating the fibroproliferative response and its 
consequent loss of compliance, contraction ineffi- 
ciency, and hyperdistention.®! Even though great 
advances have been made in the past few decades, 
understanding the molecular mechanisms behind 
bladder development and response to abnormal 
stretch and dysfunction remains a fertile area for 
research and development. 
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Basic science of prostatic 


development 


Ellen Shapiro and Hongying Huang 


The fetal prostate is the most proliferative state of the 
prostate gland and represents an excellent model for 
the study of morphogenesis, hormonal imprinting, 
and epithelial-mesenchymal interactions in the geni- 
tourinary (GU) tract. Events associated with fetal 
prostate development and in-utero influences which 
may alter growth in adulthood will probably provide 
insights into the mechanisms giving rise to benign 
and malignant aberrant growth of the prostate. 


Embryology of the prostate 


The prostate develops from the endodermal urogeni- 
tal sinus (UGS), which is derived from the terminal 
end of the hindgut or ‘cloaca’ (Latin for sewer). Sep- 
tation of the cloaca by the urorectal septum begins at 
about 28 days of gestation.! The rectum and primi- 
tive UGS form by the 44th day. The primitive UGS 
proximal to the mesonephric duct develops into the 
vesicourethral canal, whereas the region distal of the 
mesonephric duct becomes the definitive UGS. The 
UGS adjacent to the bladder (pelvic urethra) differ- 
entiates into the lower portion of the prostatic and 
membranous urethra.” 

Prostate growth and development are dependent 
on androgen production by the fetal testes, which 
begins at about the 8th week of gestation.? Unlike 
development of the wolffian duct (WD) derivatives, 
which are dependent solely on testosterone, the dif- 
ferentiation of the UGS is dependent on the 50 
reduced form of testosterone, dihydrotestosterone 
(DHT). DHT is essential for the growth and devel- 
opment of the prostate. By 10 weeks, the prostatic 
ductal network develops from solid epithelial out- 
growths, or prostatic buds, which evaginate from the 
endodermal UGS immediately below the bladder and 


penetrate into the surrounding urogenital mes- 


48 


enchyme (UGM).’ The prostatic ducts rapidly 
lengthen, arborize, and canalize. By 13 weeks, at the 
peak of testosterone production, 70 primary ducts are 
present and exhibit secretory cytodifferentiation.7 

Within the fetal prostate lies the utricle. Although the 
embryologic origin of the utricle is thought to be a rem- 
nant of the fused caudal ends of the miillerian ducts 
(MDs), compelling evidence from Shapiro et al indi- 
cates that the utricle forms as an ingrowth of specialized 
urothelium lining the dorsal wall of the UGS.® This is 
occurring during complete caudal MD regression 
(Figure 48.1). Since utricular development from the 
UGS is similar to that of the vagina in the female fetus, 
it has been appropriately referred to as the ‘sinus vagina’. 
Testosterone inhibits the formation of the lower vagina 
in the female, and therefore formation of an enlarged 
utricle in some males with severe hypospadias may be 
caused by inadequate virilization of this region of the 
UGS at a critical time during early gestation.’ 


Prostate morphology 


In 1912, Lowsley studied the human fetal prostate 
and noted that the branching ductal system consisted 
of five distinct groups.” These lobes were termed the 
posterior, lateral (two), anterior, and middle lobes. 
The ducts of the posterior lobes originate from the 
floor of the prostatic urethra distal to the openings of 
the ejaculatory ducts (EDS) and grow posteriorly. 
The epithelial buds of the two lateral lobes branch lat- 
eral to the verumontanum. The ducts of the middle 
lobe originate on the posterior urethra proximal to 
the openings to the EDs. The anterior lobe buds 
branch anterior to the verumontanum. 

Xia et al qualitatively examined prostate growth, 
histogenesis, and secretory activity in normal fetuses 
ranging in age from 20 weeks gestation to 1 month 
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Figure 48.1 Cross section of a human fetal prostate, aged 15 weeks. (a and b) Two different specimens showing the 
evaginated p63 (basal cell marker) positive cells that form the utricle (arrowhead) and only weakly staining basal 
cells in the urogenital sinus (UGS) between the ejaculatory ducts (EDs; arrows). (c) The p63 positive cells of the utri- 
cle continue to grow into the midline of the mesenchyme and surround the small solid remnants of the millerian 
ducts (MDs) in its path, which (d) also express Pax-2 (marker for MD and wolffian ducts). The EDs are also Pax-2 


positive (x200). 


(postnatal).!° No sharply delineated ‘lobules’ were rec- 
ognized. Two zones were identified: the inner submu- 
cosal zone (IZ) and the peripheral zone (PZ). The IZ 
was characterized by a concentric mass of fibromuscu- 
lar connective tissue containing ducts at various stages 
of development. The PZ contained less concentrically 
organized fibromuscular connective tissue, with sec- 
ondary ducts, gland buds, and groups of acinar glands. 
Lowsley’s work, together with Xia et al’s observations, 
lends support to the current concept of the morphol- 
ogy of the adult prostate gland, which exhibits three 
zones — central, transition, and peripheral zones — cor- 
responding to three distinct sets of ducts. This is 
important as prostatic diseases are region-specific, with 
prostate adenocarcinoma developing primarily in the 
peripheral zone and benign prostatic hyperplasia 


(BPH) developing primarily in the transition zone. 
The development of BPH is important to understand, 
because growth of new acini in this condition deviates 
from the normal development of most organs.!! The 
prostate is the only organ to demonstrate new growth 
as part of the aging process. However, the new acinar 
architecture is unlike that of the fetus, since the ducts 
of the fetal prostate branch parallel and away from 
each other rather than toward each other, as seen in 
BPH nodules. 


Endocrinology of prostatic development 


Development of the prostate is androgen dependent 
and DHT is the active intracellular androgen.?! The 


Basic science of prostatic development 725 


5a-reductase deficiency syndrome is a form of auto- 
somal recessive male pseudohermaphroditism charac- 
terized by severe penoscrotal hypospadias, a blind 
vaginal pouch, and normal testes with normal epi- 
didymes, vasa deferentia, and seminal vesicles.!? The 
EDs terminate in the blind-ending vagina, and the 
prostate is small or undetectable. The selective effects 
of testosterone and DHT are defined since the defect 
in virilization during embryogenesis is limited to the 
UGS and the anlagen of the external genitalia. 

Although there is no compelling molecular evi- 
dence for homology between specific rodent prostatic 
lobes and human prostatic zones, the rodent has been 
extensively studied to further our understanding of 
prostatic development. Imperato-McGinley and 
coworkers demonstrated prostatic bud formation in 
the rat model of 5q-reductase deficiency,’ a finding 
that was unexpected since finasteride, a 5a-reductase 
inhibitor, did not completely abolish prostatic differ- 
entiation, which suggested that budding may have 
different thresholds of response for DHT. Further 
studies showed that flutamide, a non-steroidal antian- 
drogen, in high enough doses to feminize the external 
genitalia of the male rat, failed to inhibit prostatic 
development whereas cyproterone acetate (CA), a 
steroidal antiandrogen, inhibited prostatic bud devel- 
opment and external genitalia development. Low- 
dose DHT could induce prostatic buds in female 
fetuses. The WDs could not be abolished in males 
with CA, and high-dose antitestosterone treatment 
failed to inhibit prostatic buds. Although DHT is 
important for prostatic growth, the developing 
prostate may be responsive to exceedingly low levels 
of DHT or other androgens.” 

Also, some aspects of postnatal prostatic growth 
may be independent of androgens, as castration in the 
rat during this period does not completely inhibit 
prostate development,!*!5 which suggests that other 
non-androgen growth factors such as peptide growth 
factors are capable of mediating arborization and 
growth of prostatic ducts.° These findings suggest that 
varying phenotypes occur and are species dependent. 

This concept is supported by the observations of 
Mahendroo and colleagues, where unexpected viril- 
ization in male mice lacking steroid 5a-reductase 
enzymes was observed.!© These mice had normal 
external and internal genitalia and were fertile but had 
smaller prostates and seminal vesicles than controls. 
As expected, high testosterone levels were found in 
target tissues. DHT administration led to an increase 
in seminal vesicles and coagulating gland wet weights 
in the 5a-reductase type 2 deficient mouse and an 


increase in the prostate size, seminal vesicle, and coag- 
ulating gland in both the 5a-reductase type 1 and 2 
deficient mouse. When DHT was administered to the 
mouse deficient in only 5oa-reductase type 2, no 
increase in prostatic size occurred, whereas DHT 
administered to the 5a-reductase type 1 and 2 defi- 
cient mouse resulted in an increase in prostatic size. 
Androgen-dependent gene expression was decreased 
in the seminal vesicles lacking one or more of the 50- 
reductase enzymes, but was restored with testos- 
terone or DHT. These studies show that only 
testosterone is needed for differentiation of the male 
UGS in the mouse, and synthesis of DHT serves 
largely as a signal amplification mechanism. 

Using immunohistochemistry, we studied human 
fetal prostates, with gestational ages of 7-22 weeks. 
Representative tissue sections were stained with anti- 
bodies for the androgen receptor (AR) and 5a- 
reductase. At 7 weeks, we demonstrated AR and 
5a-reductase expression in the peripheral stroma, 
above the ejaculatory ducts (EDs) while only AR is 
seen in the UGS luminal epithelium. By 9 weeks, AR 
expression was ubiquitous in the stroma and 
suprabasal cells of the UGS but was observed in the 
basal cells of only the central dorsal UGS below the 
EDs. Stromal 50.-reductase expression was signifi- 
cantly increased and was observed throughout the 
UGS. By 11-13 weeks, AR expression increased in 
the stroma especially in the periphery. Epithelial AR 
increased from the base to the apex with AR observed 
in all cell layers of the UGS, ducts and acini except for 
the basal cells of the UGS and ducts above the EDs 
which remained negative. 50-reductase expression 
was observed throughout the stroma except in the 
ventral SM, ventral periurethral stroma, and the pos- 
terior periphery where expression is diminished. 
Epithelial 5o.-reductase expression increased from the 
base to the apex, with no expression in the ductal 
epithelium of the posterior lobe (Figure 48.2). The 
lateral lobes showed only distal duct and acini expres- 
sion whereas the ducts emanating from above the 
EDs expressed 5a-reductase throughout their epithe- 
lium. By 22 weeks, AR expression is ubiquitous with 
greatest staining in the epithelium and the posterior 
and posterolateral peripheral stroma, while 5o-reduc- 
tase is almost undetectable. 

We concluded that epithelial AR expression is sig- 
nificantly greater below the EDs than above the EDs 
at each gestational age up to 22 weeks, when no dif- 
ference in the AR expression pattern is observed in 
the gland and 5a-reductase is almost absent. In con- 
trast, UGS and ductal epithelial 5c-reductase was 
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Figure 48.2 Cross section of a human fetal prostate, aged 11 weeks. (a) Bladder neck region with significant 5- 
reductase expression throughout the prostatic stroma (S) and the stroma surrounding the ejaculatory ducts (EDs) 
and millerian duct (MD). Expression is noted in the basal epithelium of the urogenital sinus (UGS) (arrow) and in 
the prostatic ducts (PD) and acini (a). (6) Region between the bladder neck and the entrance of the EDs into the UGS, 
with similar stromal 5a-reductase expression, except posteriorly (p) and posterolaterally (pl) and much less UGS, 
prostatic ductal (PD), and acinar expression. (c) Region below the entrance of the EDs into the UGS, with no 5a- 
reductase expression in the UGS epithelium, posterior prostatic ducts (ppd), or lateral acini (a). There is no 5a-reduc- 
tase in the posterior (p) and posterolateral stroma (pl) or in the smooth (arrow) or skeletal muscle (arrowhead) in the 


anterior stroma (x100). 


expressed in a gradient fashion from the apex to the 
base/bladder neck. This suggests a regional, reciprocal 
relationship between select areas of stromal and 
epithelial AR and 5a-reductase expression. This 
detailed localization study supports other investiga- 
tions which have suggested that DHT serves largely 
as a hormonal signal amplification during prostate 
development. 16-17 


Stromal-epithelial interactions 


Stromal and epithelial interactions that occur in the 
developing prostate are androgen dependent.!* Las- 
nitzki et al performed tissue recombinant experiments 
by combining mesenchyme isolated from fetal rat or 
mouse UGS with fragments of prostate or bladder 
epithelium. These tissue recombinants are grafted 
under the renal capsule of recipient animals and form 
prostatic ductal tissue. Lasnitzki has utilized testicular 
feminization (Tfm) syndrome in mice to elucidate 
the roles of epithelial vs mesenchymal androgen 
receptor (ARs) in prostatic development.!* The Tfm 
syndrome results in complete failure of the prostate to 
develop! due to defective or absent ARs. The WDs 
undergo degeneration and the external genitalia are 


feminized despite normal testosterone levels. There- 
fore, Tfm mice have deficient AR and fail to develop 
prostates. When tissue recombinants constructed of 
wild-type (WT) mesenchyme (UGM) and Tfm 
epithelium are exposed to androgen as a result of 
grafting of the recombinants into intact male hosts, 
normal prostatic morphogenesis ensues. 1820-23 When 
the Tfm mesenchyme is combined with either the 
Tfm or the wild-type epithelium, the prostate does 
not form. From these studies, it is concluded that 
there is a critical role for mesenchymal AR in prostate 
development and that many androgen effects on pro- 
static epithelium do not require epithelial AR but are 
elicited by the paracrine action of AR + mesenchyme. 
It is interesting to note though that mouse prostatic 
epithelial ARs are not expressed until postnatal day 1, 
whereas human prostatic epithelial ARs are present in 
the urogenital epithelium as early as 7 weeks’ gesta- 
tional age.1724:25 Prostatic epithelial ARs are required 
for the expression of AR-dependent secretory pro- 
teins during postnatal development. 

Tissue recombinant experiments have also been 
used to examine epithelial-mesenchymal interactions 
in the differentiation and organization of prostatic 
smooth muscle (SM).7° Experiments combined adult 
prostatic epithelium (PRE) with UGM or seminal 
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vesicle mesenchyme (SVM) or bladder epithelium 
(BLE) with UGM or SVM. Prostatic ducts developed 
in all tissue recombinants when UGM was used with 
either epithelium. SM cells also organized into sheets 
that resembled prostate. When SVM was combined 
with either epithelium, the prostatic ducts were sur- 
rounded by thick SM cells, resembling seminal vesi- 
cle. The SM was unorganized in grafts of SVM or 
UGM. These experiments suggest that male UGM 
dictates spatial organization, but SM differentiation is 
induced by epithelium. Urothelium may also direct 
the organization of SM tissue, since urothelium is 
thought to be a potent inducer of SM differentiation. 
Cunha has shown that the proximal segments of pro- 
static ducts near the urethra express urothelial mem- 
brane antigen and have associated thick layers of SM 
cells surrounding them.!? All of these tissue recombi- 
nant experiments show that interactions between the 
mesenchyme and epithelium are reciprocal. 


Hormonal imprinting 


For more than 50 years, the role of natural and syn- 
thetic estrogens in prostate development and the 
effects of hormonal imprinting have been stud- 
ied.?”-*9 Estrogens alter the hypothalamic—pituitary— 
gonadal axis, resulting in decreased androgen levels 
and subsequent regression of the prostatic epithe- 
lium.3931 Investigations have focused on the correla- 
tion between estradiol and prostatic development in 
fetal mice depending on their intrauterine position, 
the effects of experimental increases in estradiol in 
mouse fetuses, the inhibition of prostate development 
following administration of high-dose estrogens, and 
the opposing effects of high- and low-dose estrogen 
on prostatic development.*? 

It has been postulated in humans that the early 
testosterone surge at 30-60 days of life may be a crit- 
ically important ‘imprinting’ event that may have an 
impact on the gland’s propensity for future abnormal 
prostatic growth and disease. Hormonal imprinting 
has been studied in the rat.22 Naslund and Coffey 
showed that early hormonal surges are requisite for 
normal adult prostate growth in the rat, and that an 
alteration in the normal endocrine events that occurs 
shortly after birth can have significant and permanent 
effects on the androgen sensitivity and growth of the 
adult prostate.34 These hormonal surges are thought 
to affect prostatic growth by altering the properties of 
the prostatic stem cells. Recently, Tsujimura et al have 
shown that the proximal region of the mouse prosta- 


tic ducts is enriched in a subpopulation of epithelial 
cells that have a number of properties of stem cells: 
they are slow-cycling, possess high in-vitro prolifera- 
tive potential, and single cells are able to reconstitute 
complex highly branched glandular structures in vitro 
that contain basal and luminal cells.3° The absolute 
number of these stem cells is important because it 
ultimately determines the size of the gland. Therefore, 
hormonal events occurring before puberty can 
imprint or program the prostatic size, androgen sen- 
sitivity, and function and maintenance of the stem 
cells. 

Prins and others have shown that brief exposure of 
rodents to estrogens during the neonatal period leads 
to permanent irreversible and dose-dependent effects 
of the prostate gland’s morphology, cellular organiza- 
tion, and function.?*%°37 If estrogenic exposure is 
high, the permanent imprints include reduced prosta- 
tic growth, epithelial differentiation defects, altered 
secretory function, and aging-associated dysplasia 
similar to prostatic intraepithelial neoplasia or (PIN). 
This process, referred to as estrogenic imprinting or 
developmental estrogenization, is used as a model to 
evaluate the role of exogenous and endogenous estro- 
gens as a potential predisposing factor for prostate 
diseases later in life.3637 

Prins’ study also examined the effects of neonatal 
estrogen exposure on the development of the AR.37-38 
Estrogen receptors (ERs) have been shown to be 
strongly expressed in the mouse prostate mes- 
enchyme.?? While the stroma is strongly ER positive 
(ER+ve), the prostate SM is weakly to negatively 
staining after differentiating from mesenchyme. 
Fibroblasts remain strongly ER+ve. There are no 
ERs in the epithelium of the prostate. Brief exposure 
to neonatal estrogen down-regulates AR and perma- 
nently alters its expression, as well as retarding ductal 
development.?”78 SM development is generally unaf- 
fected, as is the development of basal cells. Estroge- 
nization does not inhibit epithelial cell differentiation 
(determined by the appearance of luminal cell cytok- 
eratins) completely, indicating that initiation of 
cytodifferentiation precedes elevated AR expression 
rather than increasing AR-triggering cytodifferentia- 
tion. These experiments suggest that functional dif- 
ferentiation is dependent on AR expression in 
epithelial cells. 

Although this response is mediated through alter- 
ations in steroid receptor expression, other down- 
stream mechanisms in the signaling cascade that 
mediate prostate ductal morphogenesis may be 
involved. The Sonic hedgehog gene (Shh) encodes a 
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secreted glycoprotein that is expressed at many sites in 
the vertebrate embryo and participates in the molecu- 
lar signaling for the development of the notochord, 
limb, hindgut, and GU tract.??49 Loss of Shh func- 
tion results in severe defects in neural and skeletal 
development, growth inhibition, and embryonic 
lethality. Using a murine model, Sh is expressed in 
the prostatic anlage of the UGS, and that expression 
is stimulated by testosterone. Pu et al showed that 
highly localized Shh-patched gli expression along with 
regulation of downstream morphogens participate in 
dichotomous branching during prostate morphogen- 
esis. Neonatal exposure to high-dose estradiol sup- 
pressed Shh-patched gli and blocked ductal branching 
in the dorsal and lateral prostate lobes. 

Barnett et al studied Shh expression in the human 
fetal prostate at 9.5-20 weeks’ gestation.*! Shh 
expression was present in the prostatic urothelium, 
prostatic ducts, and glandular epithelium at 9.5, 11.5, 
13, and 16 weeks and in the prostatic buds by 11.5 
weeks. Staining was observed in the EDs, MDs, and 
anterior SM and SKM. Staining intensity diminished 
after 16 weeks as testosterone levels declined to base- 
line and was almost absent by 18 and 20 weeks, sug- 
gesting a direct relationship between testosterone 
levels and Shh expression. 

Other studies of the effects of estrogen on the 
prostate have used the induction of squamous meta- 
plasia (SQM) as a reliable marker for estrogen action 
on the gland.*!4#? Risbridger et al studied this trans- 
formation of the epithelium and showed proliferation 
of basal cells and the expression of K10.?! They also 
showed that mice lacking the stroma and/or epithelial 
estrogen receptor œ (ERa) did not develop SQM.*% 
These studies suggest that stroma and epithelial ERo 
are required for the induction of SQM in the prostate 
gland. 

Shapiro et al examined the immunolocalization of 
ER«@ and estrogen receptor B (ERB) in the human 
fetal prostate (Figure 48.3). ERæ expression was not 
detected until 15 weeks, with sparse staining in the 
utricle.2* By 19 weeks, increased ERo expression is 
seen within luminal cells of the ventral urogenital 
epithelium (UGE), basal cells of the dorsal UGE, the 
utricle, distal periurethral ducts, peripheral stroma, 
and posterior prostatic duct. K14 is detected in basal 
cells of the UGE and in several posterior acini. At 22 
weeks, ERo expression is more intense in all of these 
areas. ERB is expressed throughout the UGE, EDs, 
MDs, and entire stroma at 7 weeks. Intense ERB 
staining is observed in these areas and the prostatic 
buds by 8 weeks, with persistent intense staining 


through 22 weeks. The work of Shapiro and associ- 
ates shows the earliest expression of ERa (15 weeks) 
and ERB (7 weeks) and that the induction of SQM in 
the UGE, distal periurethral ducts, and utricle is asso- 
ciated with ERo expression in these areas, whereas 
the induction of SQM in peripheral prostatic acini is 
associated with peripheral stromal ERa expression. 
This suggests important estrogen signaling pathways 
in the human fetal prostate via ERo that involve 
epithelial-epithelial and epithelial-stromal interac- 
tion. Also, the timing of the appearance of SQM is 
thought to be associated with the decline in testos- 
terone levels after 18 weeks when the Leydig cells are 
known to regress. This results in an imbalance of 
the hormone milieu, with a predominance of estro- 
gens, which may then induce metaplastic changes 

The role of ERo and ER® in prostatic development 
has been further elucidated in studies of the estrogen 
receptor a knockout (ERKO«) and estrogen receptor 
P knockout (ERKOB) mouse, respectively.*°-46 Couse 
and Korach studied neonatal diethylstilbestrol (DES) 
exposure in males using both ERKOw and ERKOB 
knockout cell lines.4© The ERKOa males were com- 
pletely resistant to the effects of neonatal DES expo- 
sure and the ERKOB response was similar to the wild 
type, with significant decreases in the AR levels and 
seminal vesicle size, increased stromal mass, marked 
epithelial hyperplasia and dysplasia, and lymphocytic 
infiltration. It was concluded that the initial effect of 
DES, resulting in the down-regulation of AR levels, 
is mediated by ERa. Therefore, the ERKOa males 
did not show any of the effects of neonatal DES, but, 
unlike the wild-type, the AR levels recover in the 
adult ERKOB males. 

Other investigators have suggested an involvement 
of ER® in the pathogenesis of prostate cancer, since 
ERB expression is down-regulated in prostate cancer, 
supporting its role in prostatic cellular homeostasis.47 
We have shown that ERB expression is intense during 
the early period of prostatic ductal morphogenesis 
and may be critical in maintaining normal glandular 
growth and proliferation. 


Prostate morphometry 


Shapiro et al developed a technique for quantifying 
the cellular elements of the prostate that involves 
double immunoenzymatic staining and computer- 
assisted color image analysis.*84? The only compre- 
hensive study of prostatic morphometry in the 
prepubertal male has been reported by Shapiro et al.50 
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Figure 48.3 Cross section of a human fetal prostate. (a) Estrogen receptor œ (ERa) expression at 15 weeks in the 
ventral urogenital epithelium (UGE) and utricle (u) (x200). (b) At 21 weeks, ERa expression in the UGE (arrows), 
utricle, and ejaculatory ducts (EDs) (x200), and (c) periurethral ducts (PuD) (x400). (d) ERa expression at 22 weeks 
in the UGE (arrows) and utricle (x200), (e) periurethral ducts (x400), and (f) peripheral stroma (S), with no staining of 
the peripheral acini (a) (x400). (g) ERB expression throughout the epithelium and stroma at 7 weeks (MDs, millerian 


ducts; UGS, urogenital sinus) and (A) at 24 weeks (x200). 
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Quantitative morphometric studies were performed 
on pediatric and other non-hyperplastic prostate spec- 
imens obtained from 45 males ranging in age from 2 
days to 40 years. The entire group was stratified, 
based upon age, into categories reflecting the neona- 
tal, childhood, peripubertal, adolescent, and young 
adult period. Double immunoenzymatic staining 
using antiactin and anti-PSAP was used to label the 
tissue components.*? Color image analysis demon- 
strated age-related changes in the density of SM that 
appear to parallel serum testosterone levels, which 
vary as a result of the postnatal testosterone surge and 
the increased level of testosterone at the onset of 
puberty.351 

A progressive decrease in SM area density through- 
out childhood, prepuberty, and puberty was 
observed. The density of SM significantly increased 
following puberty and throughout adolescence and 
early adulthood. There was a concomitant increase in 
connective tissue (CT) from the neonatal period 
throughout childhood, prepuberty and puberty, and a 
decrease after puberty and throughout adolescence 
and early adulthood. Since the changes in SM and CT 
were inversely related, the percent contribution of the 
stromal compartment to the total gland remained 
constant. No significant changes were seen in the 
epithelium or glandular lumen during these periods. 
The stromal to epithelial ratio remains constant from 
birth to age 40 in non-hyperplastic glands and is sim- 
ilar to those in asymptomatic and symptomatic BPH 
tissues. These morphometric observations suggest 
that BPH is not a unique stromal process.5° These 
studies demonstrate that the stromal compartment is 
a dynamic structure, and the relationship between 
changes in cellular content and hormone milieu may 
be important to our understanding of growth of the 
prostate from birth to age 40 and the subsequent 
development of BPH. 

Shapiro et al compared prostate development in 
normal human male fetuses and those with 
myelomeningocele (MMC) at 20 weeks’ gestational 
age,*t Immunohistochemical staining was performed 
using Masson’s trichrome and antibodies to smooth 
muscle (SM) and skeletal muscle (SKM) actin. S-100 
protein for Schwann cell localization and neurofila- 
ment protein was also performed. These studies 
demonstrated a marked decrease in the peripheral 
innervation to the prostate in MMC. Trichrome and 
SM actin staining also showed that SM in MMC spec- 
imens was less well differentiated. Prostatic size, 
ductal morphogenesis, and SM were decreased when 
compared with controls. At the level where the EDs 


enter into the prostatic urethra, the mean cross-sec- 
tional area was 6.79 mm? and 11.91 mm? in the 
MMC and normal prostate, respectively. Control 
prostates showed posterior peripheral SM surround- 
ing acini, which subsequently become cannulated, as 
well as SM surrounding the EDs and along the 
periphery. In MMC prostates, SM was absent in the 
periphery, where ductal branching and formation of 
acini normally occur. The other areas of SM were also 
poorly formed. It was concluded that there is a global 
defect in the development of SM in MMC prostate at 
20 weeks’ gestation. Since the peripheral nerve den- 
sity was diminished in the MMC prostate, an intact 
nervous system may be important in the SM and 
ductal morphogenesis of the developing prostate. 


Summary 


The foundation for our understanding of the develop- 
ment of the human prostate was derived from human 
fetal studies reported by Lowsley and by unraveling 
the biochemical basis for the 5o.-reductase deficiency 
syndrome. Tissue recombinant studies, genetic knock- 
out studies in nude mice, and meticulous step section- 
ing of fetal prostates with immunohistochemical 
staining gestation has greatly enhanced our under- 
standing of prostatic development. Additional studies 
in animal models have provided insights into the 
impact of hormonal perturbations on prostatic devel- 
opment. It is likely that future studies extending our 
understanding of prostatic development in man will 
provide important insights into the mechanism of 
benign and malignant prostatic growth in aging. 
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Figure 49.1 Ventral views of human embryos of 2 and 
3 mm. The body stalk has been cut distal to the site of 
the future umbilical ring. Arrows show the direction of 
infolding; dotted lines indicate the arbitrary boundaries 
of the four infoldings. (Reproduced from Gray and 
Skandalakis,’ with permission.) 
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During the first 3 weeks of development, the embryo 
is a plate of cells, the embryonic disk, whose ventral 
surface is a membrane called the somatopleure. The 
anterior abdominal wall is at first represented by the 
somatopleure of the overhanging head and tail folds. 
The somatopleure closes concentrically from the cra- 
nial, caudal, and lateral margins, centering on the 
future umbilical ring (Figure 49.1). 

In the 6th week of development, the midgut closes 
and the body stalk reduces in relative size. The 
somatopleure is invaded by mesoderm from 
myotomes on either side of the vertebral column. 
This mesoderm migrates laterally and ventrally as a 
sheet (Figure 49.2). 

The primordia of the two rectus abdominis muscles 
form laterally and begin to move toward the midline 
during the 7th week. At that time, the mesoderm lat- 
erally splits into three sheets, eventually producing the 
external oblique muscle, the internal oblique muscle, 
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Figure 49.2 Diagrammatic transverse section of a vertebrate embryo. (Reproduced from Arey,? with permission.) 
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and the transversus abdominis muscle. These layers 
are all recognizable during the 7th week (Figure 
49.3). In the infraumbilical area, the formation of 
three muscle layers is preceded by invasion of sec- 
ondary mesoderm that arises from the primitive 
streak just behind the cloaca. This secondary meso- 
derm then surrounds the cloaca and invades the body 
wall caudal to the body stalk, providing primary clo- 
sure to the body wall between the phallus and the 
body stalk and forming part of the anterior bladder 
musculature as well (Figure 49.4).3 

Between the 7th and 12th weeks of development, 
the rectus abdominis muscles meet in the midline 
except around the umbilicus. During this same time 
the secondary mesoderm forming the lower abdomi- 
nal wall is reinforced externally by invading somatic 
mesoderm that forms the muscular layers of the lower 
abdominal wall. 

The important urologic anomalies resulting from 
faulty embryogenesis of the abdominal wall are the 
Eagle—Barrett (prune belly) syndrome, exstrophy of 
the bladder or cloacal exstrophy. None of these is an 
arrested stage of normal embryogenesis. The 
Eagle—Barrett syndrome seems most likely to be due 
to faulty mesodermal development during the 6th to 
the 12th week, as several mesodermal elements 
(abdominal wall, ureter, bladder, and testes) are usu- 
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Figure 49.3 Diagrammatic transverse hemisection 
through the abdomen or thorax of a 7-week human 
embryo. (From Arey,? with permission.) 


ally involved. Another theory states that the 
Eagle-Barrett syndrome is a deformation of the 
abdominal wall produced by distended viscera or 
increased intra-abdominal pressure. A third theory 


13 


Figure 49.4 Disposition of mesoderm at the caudal end of a somite embryo as viewed working down from inside 
the caudal end of the embryo: (1) surface epithelium; (2) somatic layer of the lateral plate mesoderm; (3) coelomic 
cavity; (4) visceral layer of the lateral plate mesoderm; (5) nephrogenic cord; (6) somite; (7) neural tube; (8) noto- 
chord; (9) unsegmented paraxial mesoderm; (10) primitive streak; (11) site of developing urorectal septum; (12) site 
of cloacal membrane; (13) infraumbilical abdominal wall. (Reproduced from Glenister,? with permission.) 
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Figure 49.5 Division of the human cloaca: (a) 3.5 mm stage; (b) 4 mm stage; (c) 8 mm stage; (d) 1 mm stage. The 
asterisks in (a), (b) and (d) indicate the cloacal septum. (Reproduced from Arey,? with permission.) 


attributes the urinary abnormalities to a primary 
abdominal wall defect resulting in decreased intra- 
abdominal pressure.° 

Exstrophy may result from a failure of the sec- 
ondary mesoderm to cover the infraumbilical abdom- 
inal wall. Rupture of the cloacal membrane 
prematurely could also produce such a failure. Should 
this occur in the 5th week, cloacal exstrophy could 
result.” If this does not occur until the 7th week, so 
that some of the secondary mesoderm is in place, clas- 
sical bladder exstrophy might result. Still later (the 
10th or 11th week), failure of invasion by somatic 
mesoderm might result in superior vesical fissure or 


epispadias. 


Lower urinary tract 


The development of the lower urinary tract is closely 
interrelated with that of the genital tract and the 
hindgut, but for clarity the genital tract is not dis- 
cussed here but covered in Chapter 58. 

During the first 3 weeks the cloaca develops from 
endoderm as a blind caudal expansion of the hindgut 
(Figure 49.5). The hindgut meets the ectoderm of the 
body wall at the cloacal membrane. This membrane 
extends caudally from the primitive streak and is 
turned under by the tailfold. It extends from the tail- 
bud to the body stalk. As the mesoderm grows, the 
area of the cloacal membrane is decreased. The cloaca 


gives off a ventrally directed allantoic stalk and 
receives the mesonephric duct laterally and extends 
caudally as the tailgut. 

The cloaca, during the 5th week, is divided by 
opposing walls of the hindgut in the allantois, meet- 
ing in a saddle-shaped notch with its apex pointing 
caudally. This notch fills in with mesenchyme to form 
the urorectal septum. This septum pushes caudally as 
a fold and advances, dividing the cloaca into the prim- 
itive rectum posteriorly and a urogenital sinus anteri- 
orly (Figure 49.6). 

Various regions of the urogenital sinus are recog- 
nizable in the 6th week: the allantois, bladder, pelvic, 
and phallic portions of the urogenital sinus. The 
pelvic portion of the urogenital sinus lies cephalad to 
the entrance of the mesonephric duct but below the 
bladder, whereas the phallic portion of the urogenital 
sinus lies caudad to the entrance of the mesonephric 
duct and extends distally toward the genital tubercle. 

By the 7th week the ureters empty into the bladder 
by a process in which nephric ducts, after the ureteral 
buds have appeared, are absorbed into the urogenital 
sinus and acquire four separate openings into the 
sinus (Figure 49.7). The mesonephric ducts are 
shifted further caudad in the sinus and come to lie 
close to each other at Miiller’s tubercle, while the 
ureters shift cephalad and laterally into the bladder. It 
is then that the trigone is formed. The trigone is tem- 
porarily mesodermal but fills in with urogenital sinus 
epithelium, so that it, too, is eventually endodermal. 
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Figure 49.6 Septation of the cloaca. (a) Lateral view of caudal embryo (CM, cloacal membrane). Septation of the 
cloaca occurs in a coronal plane as Tourneux’s fold (b) extends to the cloacal membrane from above, and (c) as 
Rathke’s plicae extend towards each other from the sides. (d) Septation establishes the primitive urogenital sinus 
(UGS) and rectum (R). (Reproduced from Stephens and Smith,8 with permission.) 


The bladder epithelium at this time consists of a 
single layer. 

The urorectal septum reaches the cloacal membrane 
and divides the cloaca into the urogenital sinus and 
the rectum; the cloacal membrane then ruptures (see 
Figure 49.6). The caudal edge of the urorectal 
septum, which is covered with endoderm, is exposed 
as the perineal body. It merges with lateral folds flank- 
ing this fissure and becomes covered with ectoderm. 
It is eventually marked by a median raphe and 
becomes the perineum. Hillocks behind the anus 
encircle this area and form the anal canal, which even- 
tually becomes lined with ectoderm. 

In the 8th week the bladder muscle begins to 
appear as a longitudinal layer on the dorsal surface of 
the bladder. By the 9th week the bladder cavity begins 
to expand into a sac, the apex of which (the urachus) 


is elongated. The urachus is continuous with the 
allantoic stalk at the umbilicus. The bladder and ura- 
chus elongate as the infraumbilical body wall forms 
from the somatic mesoderm. 

In the 12th week the bladder epithelium becomes 
transitional, and its muscular wall is formed from 
mesenchyme. The smooth muscle of the urinary tract 
is acquired in an ascending fashion from bladder to 
intrarenal collecting system.!° The bladder epithelium 
over the ureteral orifice forms Chwalla’s membrane, 
which temporarily covers and occludes the ureteral 
orifice. Chwalla’s membrane perforates and the ureter 
becomes continuous with the bladder. By the 16th 
week the bladder is completely muscularized and the 
urachus is closed. 

Agenesis of the bladder is a rare anomaly that may 
arise because the allantoic stalk fails to develop.” 
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Figure 49.7 (a-d) Dorsal views of the bladder to show the relationship of the ureters and mesonephric ducts during 
development. Initially, the ureters are formed by an outgrowth of the mesonephric duct, but with time they assume 
a separate entrance into the urinary bladder. Note the trigone of the bladder formed by incorporation of the 


mesonephric ducts. (Reproduced from Sadler,’ with permission.) 
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Figure 49.8 Diagrams of (a) urachal fistula, (b) urachal cyst, and (c) urachal sinus. The sinus may or may not be in 
open communication with the urinary bladder. (Reproduced from Sadler, with permission.) 


However, if migration of the ureters and formation of 
the trigone are the events that induce enlargement of 
the allantoic stalk, then bilateral failure of ureteral 
migration with resultant ureteral ectopia would result 
in the same anomaly. 

Urachal anomalies (patent urachus, urachal cyst, 
urachal sinus, and urachal diverticula) may be 
encountered clinically (Figure 47.8). Some anomalies 
result from a general mesodermal failure (the urachal 
diverticulum of the Eagle—Barrett syndrome) ;!+ how- 
ever, most seem to result from delayed closure of the 
urachus. Lower urinary tract obstruction <12 weeks 
of age (by virtue of bladder distention) could prevent 
closure.!2 There is, in addition, a definite association 
of patent urachus with upper tract problems, and 
therefore the entire urinary tract should be investi- 
gated.! Urachal cysts and sinuses presumably result 
from incomplete closure of the urachus. 


Duplications of the bladder and urethra are usually 
associated with other hindgut and lower spinal cord 
duplications. Hence, it would appear that these result 
from a splitting of the hind end of the embryo at a 
very early stage of development, distinct from the 
lower abdominal wall defect resulting in exstrophy. 

Ureteral ectopia, vesicoureteral reflux (VUR), and 
paraureteral diverticula appear to arise because the 
ureteral bud appears at a locus on the mesonephric 
duct more craniad or caudad than normal. As the 
ureter is incorporated into the urogenital sinus, its 
final site would be more craniad and lateral or caudad, 
respectively. The former results in VUR and divertic- 
ula, whereas the latter results in ureteral ectopia.'+ 

Ectopic ureteroceles probably result from abnor- 
malities of the ureteral bud in addition to ectopia and 
are often associated with renal dysplasia.'4 Intra- 
vesical (simple) ureteroceles are thought to be due to 
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persistence of Chwalla’s membrane beyond the time 
when urine flow begins.!5 

Posterior urethral valves (type 1) may result from 
persistence of the path of migration of the 
mesonephric ducts distal to Miiller’s tubercle so that 
they cross the urogenital sinus and enter anteriorly. 
Persistence of this portion coupled with anterior 
fusion might then produce the diaphragm known as 
valves.1© Another type of valves (type 3) seems to 
result from persistence of the cloacal membrance at 
the junction of the end of the phallic portion of the 
urogenital sinus and the bulbomembranous urethra.!7 
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Introduction 


Congenital anomalies and abnormalities of the urinary 
bladder can be a significant cause of morbidity in 
infants and children. The function of the bladder may 
adversely affect the upper urinary tract and may have 
an effect on urinary continence. Radiologic evaluation 
of the bladder and adjacent structures gives useful 
diagnostic information to direct therapeutic interven- 
tion. In children, ultrasonography (ultrasound) is usu- 
ally the initial diagnostic study. Fluoroscopic imaging 
(voiding cystourethrogram or VCUG) is frequently 
obtained as indicated by the clinical history and ultra- 
sound findings. Cross-sectional imaging — computed 
tomography (CT) and magnetic resonance imaging 
(MRI) — is often used in complex cases where other 
imaging does not clearly define the anatomy. 
Ultrasound is ideally suited for the evaluation of 
children with symptoms suggestive of a bladder or 
lower urinary tract abnormality because it is painless, 
associated with no radiation exposure, and provides 
excellent anatomic definition of the bladder. For this 


study a partially distended bladder is preferable. The 
clear differentiation between the anechoic urine and 
the bladder wall and surrounding structures enhances 
the diagnostic utility of ultrasound (Figure 50.1). 

If upper urinary tract dilatation is identified during 
an examination, the ultrasound should also include 
imaging after bladder emptying, since the degree of 
bladder distention may affect the upper tract findings. 
Doppler ultrasound can be used to identify ureteral 
jets (urine flow into the bladder) that are evidence of 
antegrade flow into the bladder.! Postvoid views can 
be obtained to assess bladder emptying and bladder 
wall thickening. Bladder volume can be estimated by 
ultrasound using the empirical equation: 


bladder volume = 0.7 x width x length x depth 


The VCUG is the best method of fluoroscopic blad- 
der imaging. The study consists of direct opacification 
of the bladder with iodinated contrast medium that is 
usually instilled through a urethral catheter. Preferably 
both filling and voiding views are obtained during the 
study. Dynamic visualization of the bladder may give 


Figure 50.1 Bladder ultrasound obtained in a male with isolated bladder distention identified prenatally. Note the 
clear definition of the lumen and bladder wall on ultrasound. Longitudinal (a) and transverse (b) views show a dilated 
left ureter is seen posterior to the bladder. The child had bilateral grade V reflux but no infravesical obstruction. 


740 Clinical pediatric urology 


very useful information regarding bladder function 
and disordered elimination. Voiding views are espe- 
cially important in the male, since abnormalities of the 
bladder outlet and urethra greatly impact the bladder. 

Intravenous pyelography (IVP) is rarely used as a pri- 
mary bladder imaging modality. The excreted contrast 
gives passively filled bladder images. This modality may 
be preferable in older males who are reluctant to 
undergo urethral catheterization, but the contrast is 
dilute and opacification of the bladder and urethra is not 
as good, perhaps resulting in a non-diagnostic study. 

CT and MRI give improved spatial resolution 
when compared with more commonly utilized imag- 
ing modalities. Images are obtained in an axial mode, 
but can be reformatted in both the sagittal and coro- 
nal planes. With current software, both planar recon- 
structions and three-dimensional reconstructions give 
excellent resolution.’ 

Superior soft-tissue resolution is an advantage of 
MRI over CT. On Tl-weighted images the bladder 
wall may be indistinguishable from the urine, but on 
T2-weighted studies fluid-filled structures like the 
bladder are very well defined (Figure 50.2).4 Because 
of prolonged acquisition times, sedation is required in 
younger children. MRI is very expensive when com- 
pared with ultrasound and fluoroscopy and should 
probably be reserved for complex cases where 
anatomy is not well-defined using other modalities. 


Bladder enlargement 


An enlarged bladder may be identified on physical 
examination. Whereas bladder distention may be a 
normal finding prior to voiding, it may be indicative 
of significant bladder or urethral pathology. Congen- 
ital anomalies such as spinal dysraphism and prune 
belly syndrome should be evident on examination and 
help with the differential diagnosis. A thickened blad- 
der wall on ultrasound is suggestive of bladder outlet 
obstruction, although, when the bladder is markedly 
distended, wall thickening may not be readily appar- 
ent (Figure 50.3).° Concomitant ureteral dilatation in 
the presence of bladder distention and a thin bladder 
wall is suspicious for high-grade vesicoureteral reflux 
(see Figure 50.1). 

A VCUG gives both the anatomic detail and func- 
tional information that defines the etiology of bladder 
distention. Views of the urethra are essential in the 
evaluation of these children. Bladder trabeculation 
and cellules are commonly identified in children with 
posterior urethral valves or neurogenic bladder. Chil- 


Figure 50.2 MRI obtained on a 6-year-old adopted 
male with an apparent history of bladder exstrophy 
based on physical examination. He is incontinent of 
both urine and stool per ‘rectum’ but these do not 
appear to be mixed. The study clearly defines the 
lower tract anatomy. On coronal section (a) the rectum 
is visualized anterior to the sigmoid ‘bladder’, which 
has been pulled through posterior to the rectum. The 
ureters are reimplanted into a sigmoid segment as 
seen in sagittal section (b) (filling defect in sigmoid 
‘pladder’). 


dren with prune belly syndrome or megacystis/micro- 
colon usually have large smooth-walled bladders 
(Figure 50.4). 
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Figure 50.3 Postvoid ultrasound in a boy with poste- 
rior urethral valves. He empties completely, and 
marked bladder wall thickening is clearly apparent. 


Urachal abnormalities 


The urachus, sometimes called the median umbilical 
ligament, has usually obliterated by the 12th week of 
gestation. In theory, a patent urachus may occur in 
the presence of bladder outlet obstruction, but no evi- 
dence of obstruction is identified in the majority of 


cases. Occasionally, a patent urachus is identified at 
birth when there is free discharge of urine through the 
umbilicus. More commonly, only a tiny fistula is pre- 
sent and the umbilicus is enlarged or edematous. In 
these situations, the differential diagnosis includes 
omphalitis, ‘normal hypertrophic granulation tissue, 
and a patent omphalomesenteric duct. Ultrasound 
may identify an inflamed tract, but a fistulogram with 
radiopaque contrast is often diagnostic (Figure 50.5). 
Voiding cystourethrography is helpful in fully evalu- 
ating the lesion and any associated bladder outlet 
obstruction. 

Partial obliteration of the urachus results in a 
urachal cyst. These cysts are usually asymptomatic but 
occasionally become infected and are identified 
during the evaluation of lower abdominal pain, fever, 
and voiding symptoms. The diagnosis can be made by 
ultrasound. CT may be useful in defining the extent of 
the cyst and evaluating adjacent structures (Figure 
50.6). 

A urachal diverticulum is often an incidental find- 
ing on VCUG that does not require treatment. A 
large diverticulum is commonly identified in prune 


Figure 50.4 VCUG in two boys with bladder enlargement: (a) bilateral high-grade reflux with a smooth bladder wall 
and no outlet obstruction; (6) marked bladder trabeculation and ‘Christmas tree’ deformity in a boy with spinal dys- 
raphism. 
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Figure 50.5 A 1-month-old male with a moist umbili- 
cus. The ultrasound shows a well-defined tract from 
the umbilicus down to the dome of the bladder (BL). 
The tract expanded during a bladder contraction (real- 
time imaging), documenting a communication with the 
bladder. 


belly syndrome and rarely may require excision if it is 
a source of significant urinary stasis (Figure 50.7). 


Bladder diverticulum 


A bladder diverticulum is the result of a weakening in 
the muscular layer of the bladder wall. This may be 
congenital, but it can be acquired in the presence of 
bladder outlet obstruction or dysfunctional voiding. 
In children, the diverticulum is most commonly peri- 
ureteral. Diverticuli are most commonly identified 
during the evaluation of urinary tract infections and 
they may, theoretically, be a significant source of uri- 
nary stasis. The fluid-filled extravesical structure iden- 
tified on ultrasound is definitively differentiated from 
a dilated ureter on VCUG (Figure 50.8). The oblique 
bladder views localize the location of the diverticulum 
and whether or not it is broad based. 


Bladder masses 


Bladder masses are distinctly unusual in children. Pre- 
senting symptoms are usually related to outflow 


Figure 50.6 A 14-year-old male with lower abdominal 
pain, pyuria, and an infected urachus. CT shows an 
inhomogeneous mass cephalad to the bladder. Ante- 
rior bladder wall inflammation and thickening can be 
seen. 


Figure 50.7 A VCUG in a boy with an abnormal 
abdominal wall shows a wide-mouthed urachal diver- 
ticulum. Typical bladder neck and urethral findings 
confirm the diagnosis of prune belly syndrome. 


obstruction (strangury). Occasionally, gross hema- 
turia is identified by the parents, but most children 
with gross hematuria have no identifiable anatomic 
abnormality and have a nephrologic source of bleed- 
ing. Ultrasound is the initial test of choice in children, 
because it is non-invasive and will usually identify an 
intravesical or infravesical abnormality. If an abnor- 
mality is identified, cross-sectional imaging is usually 
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Figure 50.8 Bladder diverticulum in a 7-year-old male 
with recurrent staphylococcal cystitis. (a) On ultra- 
sound, it is evident that the tubular structure does not 
extend cephalad and is not a ureter. (b) On VCUG, the 
lateral view confirms an origin low on the bladder 
base, which is consistent with a congenital periureteral 
diverticulum. 


Figure 50.9 Rhabdomyosarcoma detected during 
evaluation of a febrile urinary tract infection. T2- 
weighted imaging reveals thickening of the bladder 
base and lateral walls. There is bladder wall bulging, 
with no evidence of perivesical involvement. 


obtained, although in some clinical situations an 
endoscopic evaluation is the next best step. 

Rhabdomyosarcoma is the most common bladder 
malignancy in children: most present with obstruc- 
tion and a palpably distended bladder and/or lower 
abdominal mass. An ultrasound usually reveals a mass 
at the base of the bladder. MRI offers the best detail 
in relation to other pelvic organs and is the preferred 
study for radiologic staging (local and metastatic) 
(Figure 50.9). 

Transitional cell carcinomas of the bladder and 
fibroepithelial polyps are very rare in children. They 
are usually well visualized on ultrasound because they 
usually have a narrow stalk and project into the lumen 


of the bladder (Figure 50.10). 


Bladder calculi 


Historically, bladder calculi were related to dietary 
intake. However, stones are now identified in up to 
50% of children after bladder augmentation.’ They are 
often identified during routine follow-up imaging. On 
ultrasound, stones are echogenic foci, with associated 
shadowing (Figure 50.11). They are usually mobile on 
the dependent portion of the bladder. Images are 
better if the bladder is partly distended, since stones 
may be in some mucosal folds and confused with 
echogenic stool that is often present in the true pelvis 
of these children. A KUB (kidney, ureter, and bladder 
abdominal X-ray) helps define the number of calculi. 

Although ultrasound is not the best imaging study 
for upper tract stones, it can be useful in the evalua- 
tion of distal ureteral calculi that are not readily 
apparent on plain films. A dilated distal ureter is easily 
visualized behind the bladder and a shadowing and 
echogenic focus at the ureterovesical junction con- 
firms the presence of a stone. If the ureter is not 
dilated or the stone is proximal to the bladder, ultra- 
sound is usually not useful. 


Bladder rupture 


Bladder perforation may occur with blunt abdominal 
trauma and/or pelvic fractures. Children with a his- 
tory of bladder augmentation may have spontaneous 
perforation in the absence of any identifiable trauma. 
A high index of suspicion is required in the evaluation 
of children with a history of bladder augmentation 
and abdominal pain. A VCUG is diagnostic in most 
cases, but thorough technique, including 
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Figure 50.10 A fibroepithelial polyp identified in a 2-year-old male with intermittent urinary retention. Transverse 
views (a) show a ‘free-floating’ mass that extends across the bladder neck on longitudinal views (b) of the bladder. 
The bladder wall is thickened, which is consistent with intermittent obstruction. 


Figure 50.11 Bladder calculus in an augmented blad- 
der. A curvilinear shadowing defect is evident on the 
bladder base. 


postdrainage films, is required to identify smaller per- 
forations. The irregularities normally present in the 
augmented bladder increase the chance of a false-neg- 
ative study and a CT scan improves the diagnostic 
accuracy. Passive bladder distention is inadequate. 
Retrograde distention with diluted (4-5%) contrast is 
necessary to appropriately evaluate for perforation 
using CT cystography (Figure 50.12).8 A CT cys- 
togram should be obtained when a perforation is sus- 


pected and a VCUG is normal. 


Ureteral abnormalities 


Anomalies of the distal ureter are frequently identified 
during bladder imaging. The normal ureter should 


Figure 50.12 Intraperitoneal bladder perforation after 
blunt abdominal trauma. The CT scan reveals contrast 
in the bladder but it is also evident in the peritoneal 
cavity and perirectally in the pouch of Douglas. 


not be visualized on ultrasound imaging. When a 
dilated ureter is identified, it may be indicative of ure- 
thral, bladder, or ureterovesical junction pathology. 

Megaureter is a generic term applied to an enlarged 
ureter. Ultrasound easily identifies the presence of 
these dilated ureters (Figure 50.13). The megaureter 
can be obstructed or non-obstructed, and refluxing or 
non-refluxing. While ultrasound identifies the dila- 
tion, a VCUG and renal scintigraphy are required to 
classify the megaureter. 

Ectopic insertion of the ureter occurs most com- 
monly in the setting of renal duplication. The dupli- 
cation is usually easily identified on ultrasound 
evaluation of the upper tract because the lower pole of 
the kidney is not associated with a dilated ureter. Lon- 
gitudinal ultrasonic bladder views frequently demon- 
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Figure 50.13 Bladder ultrasound in a female with recurrent febrile urinary tract infections. (a) A Transverse view 
reveals dilation of the distal ureters bilaterally. (b) A longitudinal view shows the dilated ureter coursing distal to the 
bladder neck. The child had bilateral duplications, with upper pole ectopia. 


Figure 50.14 Bladder ultrasound images in a male with 
an ectopic ureterocele that obstructs the bladder 
outlet. The ureterocele extends down into a dilated 
prostatic urethra. Note the bladder wall thickening and 
trabeculation secondary to the outlet obstruction. 


strate a ureteral insertion distal to the bladder neck. 
Occasionally, the dilated ureter deforms the posterior 
bladder wall and can be confused with a ureterocele. 
This pseudoureterocele can be differentiated by 
noting that the anterior wall is the same thickness as 
the rest of the bladder wall.’ 

Ureteroceles are cystic dilations of the intravesical 
segment of the ureter. Ureteroceles have a unique 
appearance on ultrasound: they are thin-walled 
cystic masses at the bladder base (Figure 50.14). 
Ureteroceles are usually simple, but are occasionally 
bilobed or lobulated. In the presence of infection, 
they may contain echogenic debris. Occasionally, a 
large ureterocele is not identified if the child has just 
voided because the apparent bladder urine is actually 
within the ureterocele, with no urine outside the 
ureterocele in the bladder. Ureteroceles are usually 
associated with a dilated ureter posterior to the blad- 
der wall. Intravenous urography and cystography 


Figure 50.15 Cystogram in a female with a ureterocele. 
The filling defect in the urethra confirms its ectopic 
position. The ureterocele also everts during voiding 
because of the muscular deficiency in the right 
hemitrigone. 


usually reveal a non-opacified filling defect in the 
bladder. There may be a significant detrusor defect 
and the ureterocele often everts during bladder fill- 
ing on VCUG, resembling a diverticulum (Figure 
50.15)? 
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Urodynamics of the lower and upper 


urinary tract 


William E Kaplan 


Introduction 


Many of the patients evaluated by a pediatric urolo- 
gist have urinary tract dysfunction requiring urody- 
namic studies. Although the majority of urodynamics 
performed involve the assessment of lower tract func- 
tion, there are select patients who need upper tract 
urodynamic studies. 

Most children referred for urodynamic studies 
already have a specific pathologic diagnosis (spinal 
dysraphism, spinal cord injury, cerebral pathology, 
etc.) but require a more definitive neurologic classifi- 
cation for appropriate therapy. Many patients with 
voiding dysfunction require urodynamics to deter- 
mine whether their urinary problems are neurologic 
or functional in origin. In addition, patients are 
referred for urodynamics when other diagnostic stud- 
ies, e.g. radiographic or isotopic, are equivocal. 

The expansion of pediatric urodynamics in the late 
1970s and early 1980s came about because of the 
need to understand the volume-pressure relationships 
of the urinary tract. The introduction of clean inter- 
mittent catheterization in the 1970s! opened the cre- 
ative gates for the management of children with 
dysfunctional storing and emptying of their urinary 
tracts. However, correct characterization of the 
pathology by urodynamics was critical. 

Adult diagnostic techniques needed modification 
for children, and what began with work on flow rates 
by Gierup et al,” progressed to sophisticated flow and 
electromyographic (EMG) studies by Blaivis et al, 
and to the introduction of surface monitoring of the 
pelvic floor by Maizels and Firlit.* An additional valu- 
able contribution of correct filling rates by Joseph in 
1992,° and sedation techniques, emphasized the 
importance of a more focused approach to children. 

There is still controversy regarding the diagnostic 
methodology best suited for upper tract pathology. 
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The child with idiopathic hydronephrosis with preser- 
vation of renal function and no symptoms creates the 
greatest diagnostic dilemma. Standard imaging tech- 
niques are usually adequate for patients with normal 
renal function. However, when renal function 
becomes impaired, renal perfusion studies may offer a 
more useful diagnostic role. It is clear that the physi- 
ology of the upper tract does not exist in isolation. 
Therefore, although pure upper tract obstruction — 
e.g. well-defined ureteropelvic junction (UPJ) obstruc- 
tion — is associated with pressure elevation with less 
dependence on lower tract function, the surgeon must 
always be aware of the equilibrium between lower and 
upper tract pressures. The fact that bladder pressure 
must be ‘in the loop’ in any diagnostic study empha- 
sizes how important bladder dynamics has become in 
modern pediatric urology. The ability to assess and 
manage bladder function and pressure has contributed 
to the increase in surgical, pharmacologic, and neuro- 
modulating techniques used to manage the child with 
neurourologic dysfunction. 

This chapter focuses on pediatric urodynamic stud- 
ies that best categorize neuropathology and help to 
define the best treatment modalities. 


Historical features 


The basics of pediatric urodynamics are founded on 
the principles of good medicine. A thorough history 
and physical examination must precede any diagnos- 
tic study (Table 51.1). In patients in whom the diag- 
nosis is clear, e.g. spinal cord trauma or 
myelomeningocele, eliciting a diagnostic history will 
not usually be challenging. However, patients with 
urinary tract dysfunction with no obvious neurologic 
abnormality will challenge the diagnostic skill of even 
the experienced pediatric urologist. 
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Table 51.1 Evaluation of children who wet 


An accurate voiding history is most important. The 
patient’s age and expectations of urinary control may 
dictate the concerns about voiding habits. However, 
even in infants, the pattern of wet and dry diapers 
may be important to discovering the diagnosis. New- 
borns with constant dribbling or signs of overflow 
incontinence may have undergone a traumatic deliv- 
ery, e.g. hyperextension injury to the cervical spinal 
cord. Infants of diabetic mothers have an increased 
risk of neural tube defects. Infants of mothers with 
substance abuse are at increased risk for hydronephro- 
sis. These are only a few examples that illustrate the 
importance of a thorough prenatal and obstetric his- 
tory before scheduling and tailoring the type of uro- 
dynamics study.® Historic information, such as 
prematurity or global delay in physical or mental 
capabilities, is important. Although this information 
may not aid in therapy, it may help to explain to par- 
ents how delays in gaining urinary control occur. 
Infants with irregular bowel habits (diarrhea or con- 
stipation) in association with urinary symptomatol- 
ogy should prompt careful evaluation. 

As the child matures, urinary tract infections 
(UTIs) or incontinence may become the primary 


symptoms. Van Gool et al? proposed the use of a 
standardized questionnaire that addressses common 
themes in the child with dysfunctional voiding. Fre- 
quency of wetting, voiding characteristics, and the 
presence of urgency are the focus of the question- 
naire. The concept of a standardized approach is 
valid, although in a large practice, the similarity of the 
patients in any given day may ensure a routine his- 
tory. 

The use of a voiding diary or 12-hour home pad 
test may also be helpful.!"" In practice, the clinician 
may easily misinterpret the results if less than fastidi- 
ous notes are kept, or if the pads are not changed 
promptly. The quality of the flow rate and whether a 
child is always wet despite effective voiding are 
important historic features. The boy with a poor flow 
rate would be suspicious for having posterior urethral 
valves, whereas the girl with paradoxical incontinence 
(continuously damp while voiding normally) might 
have an ectopic ureter. In the older child, the history 
must include details on bowel habits, because it is 
clear that constipation has a direct relationship to uri- 
nary control, as well as urinary infections. !?-1% 


Physical examination 


Before planning a urodynamic study, a thorough 
physical examination is essential. Children may 
exhibit evidence of delayed gross motor development 
or abnormal fine motor skills consistent with global 
abnormalities from in utero or birthing issues. In 
these children, a complete neurologic examination by 
a pediatric neurologist, including muscle tests and 
nerve conduction velocity, may be indicated. 

A routine systematic approach, including having 
the child completely undressed from head to toe 
(although covered with a warm blanket and with a 
nurse and parent in attendance), will help to reveal 
general congenital defects that might contribute to 
syndromes that involve the urinary tract. Following 
the general assessment, most of the pertinent pathol- 
ogy is found below the umbilicus. The abdomen 
should be palpated for stool, although significant fecal 
retention can exist with a soft abdomen and an empty 
rectal vault. 

The back, perineum, and lower extremities should 
be examined critically. During examination of the 
back, all midline abnormalities should be cause for 
concern. However, there is less importance if a simple 
dimple can be grasped with the tip of the coccyx. 
Obvious or subtle midline skin tags, tufts of hair, or 
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Figure 51.1 Cutaneous lesions discovered on midline 
spinal examination: (a) dermal sinus tract (open arrow) 
in infant who developed meningitis shortly after birth; 
(6) a subtle fullness of one buttock and mild scoliosis in 
a child with incontinence and subsequently discovered 
to have a lipoma; (c) an obvious sinus tract and lipoma 
in infant with lipomeningocele; (d) a sinus (arrow) and 
associated hairy patch characteristically associated 
with a flat capillary hemangioma; (e) an unusual 
appendage and dermal sinus tract. 
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vascular malformations may indicate underlying 
spinal malformations, e.g. lipomas, and spinal mag- 
netic resonance imaging (MRI) is then indicated. A 
short or abnormal gluteal cleft may indicate an under- 
lying sacral dysgenesis or agenesis. A flattened but- 
tock suggests deficient gluteal muscle tone, consistent 
with an anorectal malformation or caudal regression 
syndrome (Figure 51.1). 

Rectal tone, perianal sensation, and the presence or 
absence of a bulbocavernosus reflex should be noted. 
A digital rectal examination confirms the presence of 
stool and rules out rare prostatic lesions. The vaginal 
introitus should be inspected to rule out significant 
labial adherence or urethrovaginal abnormalities. In 
the boy, the meatus should be observed, and if uncir- 
cumcised, the foreskin either retracted gently or 
pulled forward, so that the meatus can be inspected 
through the tunnel of foreskin. 

The lower musculoskeletal system should be exam- 
ined and any discrepancy in muscle tone or muscle 
mass should be noted. It is essential to remove the 
shoes and socks to discover a high arched foot or 
hammer claw digits, consistent with a true neurologic 
abnormality (Figure 51.2). A gait disturbance is 
noted easily in barefoot children as they walk up and 
down the corridor. The author recently saw an incon- 
tinent child who was a star rollerblader, but on bare- 
foot gait analysis was noted to have severe ankle 
weakness and intoeing. This was masked by the 
above-the-ankle rollerblades. Subsequent MRI 
revealed a tethered spinal cord. Finally, the deep 
tendon reflexes should be evaluated. Exaggerated 
reflexes are consistent with cerebral palsy. 

At the first office visit, a urinalysis (glucose and spe- 
cific gravity), flow rate, and postvoid residual mea- 
sured by ultrasound should be accomplished. In 
children with a normal renal/bladder sonogram, and 
no history of significant UTIs, the majority of 
patients will be started on a timed voiding program, 
with attention to bowel habits, and a brief course of 
anticholinergic medication. In the remaining patients, 
a more thorough work-up, including radiographic 
evaluation and urodynamic studies, is indicated. 


Radiographic evaluation 


Radiographic examination is used selectively. All chil- 
dren undergo a renal and bladder sonogram with 
postvoid imaging to evaluate bladder emptying and 
the effects of bladder fullness on upper tract dilata- 


tion. If UTIs are an issue, a conventional X-ray void- 


Figure 51.2 Leg length and foot asymmetry in a 10- 
year-old child with spina bifida. 


Figure 51.3 Lumbosacral MRI. T1-weighted image 
indicates a long tethered spinal cord. The elongated 
(bowstring) cord ends in the lipoma rather than at L3. 


ing cystourethrogram (VCUG) is performed to eval- 
uate the bladder, outlet, and urethra. This study can 
document whether there is significant stool in the 
colon. Children with both fecal and urinary inconti- 
nence should have lumbosacral images. In patients 
with clearly abnormal studies, spinal MRI is per- 
formed (Figure 51.3). 
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Lower urinary tract urodynamics 


A complete voiding history should precede urody- 
namic evaluation. A parental questionnaire includes 
the details of the foregoing discussion. This can be 
accomplished at the time of the examination, but the 
study can be best modified to the needs of the child if 
the staff is made aware of significant problems by tele- 
phone or mail consultation before the office appoint- 
ment. All outside studies should accompany the 
family to the laboratory. 

In the majority of cases, the child with a non-neu- 
rogenic voiding abnormality will be old enough to 
cooperate, tolerating a precystometrogram flow study 
followed by a cystometrogram with patch electrodes 
and a postvoid study. Typically, the child with neuro- 
genic disease comes to the laboratory on a clean inter- 
mittent catheterization program and is being 
evaluated because of increasing dysfunction (tethered 
cord, shunt malfunction). Voiding studies become 
less important and needle electrode myography may 
be more important. In all instances, a relatively clean 
rectum will result in a more accurate study. 

It is most important that the child is comfortable, 
and that the laboratory is child friendly (posters, 
movies, books, stickers, etc.) and temperature con- 
trolled. All voidings should be as private as possible. 
For the older child, a separate room with a flowmeter 
and a one-way mirror to observe voidings can be 
helpful. Given enough time and patience, most stud- 
ies can be completed successfully with reproducible 
results. Meperidine, 1 mg/kg, can be given to an 
extremely anxious child, although this is not common 
practice (Table 51.2).14 


Flow rate (m/s) 


Time to ———+| 
maximum flow 


Table 51.2 Urodynamic studies 


Urinary flow rate and bladder capacity 


The urinary flow rate measurement is a simple non- 
invasive study that is defined as the voided volume per 
unit time (ml/s) (Figures 51.4 and 51.5). This study 
can evaluate incontinence secondary to problems in 
storage or emptying. Reliability comes from repeated 
studies (at least two) and is related to voided volume. 
Bladder capacity (BC) should be based on age rather 
than body surface. Although the linear formula of 
Berger et allé and Koff:!7 


BC (ounces) = age + 2 


Maximum flow rate 


ease so Average flow rate 


Time 


|. Flow time -| 


Figure 51.4 Idealized diagram of urine flow. (Modified with permission from Blaivas and Chancellor.'5) 
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Figure 51.5 Normal uroflow in a 12-year-old male: maximum = 38 ml/s, average = 17 ml/s, volume = 222 ml. 


has been the most frequently used to estimate bladder 
capacity, it is clear that bladder growth from a new- 
born (especially in the first years) to 13 years is not 
linear. Kaefer et al!® responded to the challenge of 
modifying this equation with their non-linear equa- 
tion: 


2 x age (years) + 2 = capacity (ounces) 
for children <2 years old and 


age (years) 


7 + 6 = capacity (ounces) 


for children 22 years old. In all of these studies, data 
were based on findings in normal children. Children 
<14 years of age with spina bifida and neuropathic 
bladders do not exhibit similar growth rates to 
normal children. In fact, on comparing bladder 
growth in a small group of patients with spina bifida 
to the linear formula of Berger, bladders of patients 
with spina bifida grew half as well as those without 
neurologic abnormalities.1? Thus, in order to calcu- 
late normal flow patterns and rates, one must first 
know the expected bladder capacity in order to deter- 
mine whether the voiding volume is within the 
expected range. Accurate determination of the flow 
rate/voided volume is a common problem, particu- 
larly in the anxious child or in the child who voids fre- 
quently in small volumes. In general, voided volumes 
of <50% expected capacity should be suspect.?0?! I 


recommend filling the bladder by forcing oral fluids 
on the way into the laboratory or by intravenous 
hydration. Multiple voids can be spontaneous, but 
furosemide administration can be helpful to ensure 
repeated measurements. 

Critical features of the flow rate include the shape 
of the curve, maximum flow rate, and average flow 
rate. In a study of 180 schoolchildren aged 7-16 
years, 98% had a bell-shaped flow pattern? (see 
Figure 51.4). The shape of the curve had no relation- 
ship to voided volume, but the other parameters were 
volume dependent. Although the maximum flow, 
average flow, and time to maximum flow can be of 
diagnostic interest, the shape of the flow appears to be 
the best screening parameter. Repeated deviations 
from the bell-shaped curve should prompt further 
studies (Figure 51.6). Estimation of residual urine 
can be an important clue to overall bladder function. 
Except in infants, the child’s bladder should empty to 
completion with each void. There are multiple pitfalls 
when evaluating for retained urine. An anxious child 
in a foreign setting will not void efficiently. Further- 
more, children with significant reflux may often 
harbor residual urine just after voiding. Thus, whereas 
complete evacuation can be helpful to know, an ele- 
vated postvoid residual may not signify important 
pathology. A bladder scan with ultrasound or place- 
ment of a catheter just prior to the cystometrogram 
will determine the residual urine. 


Figure 51.6 Abnormal uroflow in an 8-year-old male with abdominal straining and no detrusor activity. 
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Cystometry 


Cystometry is the pressure-volume study of the blad- 
der that examines both the storage and the voiding 
phase of micturition (Figures 51.7 and 51.8). Both 
parameters are instrumental in the assessment of blad- 
der health in relationship to upper tract drainage. An 
accurate assessment of bladder storage must begin in 
a calm laboratory setting with the necessary tech- 
niques and props to decrease patient anxiety. The 
technician then passes an age-appropriate catheter. 
Male newborns usually require a 5 Fr feeding tube 
connected to a three-way stopcock that allows for 
both measuring pressure and fluid instillation. We try 
to take care to avoid an overly large catheter in new- 
borns, which can obstruct the urethra and produce an 
abnormally high leak point pressure, as the fluid tries 
to leak around the catheter.?* In older children, we 
use a 7-10 Fr catheter. Latex-free materials are essen- 
tial for individuals with spina bifida, as they are prone 
to severe latex allergy and reactions. 

We record both intravesical and abdominal pres- 
sures. The abdominal pressure is obtained by insert- 
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Figure 51.7 Cystometrogram indicating four phases 
and filling and detrusor activity: I, initial vesical pres- 
sure with early filling; Il, stable tonus limb; IIl, increase 
in tonus at full vesicoelastic expansion; IV, voiding. 
(Modified with permission from Dmochowski.22) 


ing a pressure catheter into the rectum. These read- 
ings are easily made by tying a latex-free finger cot to 
a small plastic tube connected to a pressure monitor. 
The software from the urodynamics system then 


Voiding phase 
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Figure 51.8 Idealized urodynamic tracing with accompanying fluoroscopic images. p,,, = intravesical pressure; Pipa 


= abdominal pressure; p,,, = detrusor pressure; i.e. the p 


ves 7 Paba’ Pura 


= urethral pressure; MUCP = maximal ure- 


thral closure pressure; Q = urinary flow; EMG = surface electromyography. (Modified with permission from 


Abrams et al.23) 
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subtracts the rectal (abdominal) pressure from the 
intravesical pressure to obtain a true detrusor pres- 
sure. These are basic measurements taken with a two- 
channel recorder. Membrane or microtip transducer 
catheters and multichannel recorders are readily avail- 
able if so desired. The equipment varies; however, 
direct, hands-on, expert observation is probably more 
important than the size and complexity of the equip- 
ment. Straining, crying, and gross movements need 
to be noted and subtracted to obtain accurate detru- 
sor pressures. The pressure transducer should be level 
with the symphysis pubis. 

We use warm saline from a range of body to room 
temperature. We don’t recommend carbon dioxide. 
Joseph? noted that a change in detrusor pressure, as well 
as maximum detrusor pressure, was adversely affected 
by increasing the rate of filling from slow (approxi- 
mately 2% of estimated bladder capacity, 0-10 ml/min) 
to medium fill (approximately 20% of estimated blad- 
der capacity, 10-100 ml/min). In general, we recom- 
mend filling at less than 10 ml/min in children. 

An EMG should be performed at the same time as 
detrusor pressure evaluation. The electrodes can be 
surface pads, wires, or concentric needles. In children 
with neurogenic disease and lack of perineal sensa- 
tion, we record from the external sphincter/perineal 
floor. In the male, we place a concentric needle 
directly into the bulbocavernosus muscle by aiming 


(a) 


towards the bulb of the urethra. For the external 
sphincter, the needle is placed through the perineal 
skin just below the bulb of the urethra. A finger in the 
rectum will help to guide the needle. In females the 
external sphincter is identified by a needle placed just 
lateral to the urethral meatus and advanced <1 cm. 
To capture individual motor action potentials cor- 
rectly, both an audio channel and oscilloscope are 
needed. A trained neurophysiologist best performs 
this study. This technique is the most accurate 
method of diagnosing the degree of denervation of 
the urethral sphincter and establishing the diagnosis 
of detrusor—sphincter dyssynergia (Figure 51.9). It 
should be noted, however, that in the majority of chil- 
dren, surface pad electrodes give excellent informa- 
tion about a composite view of muscle activity. 

In select circumstances, a urethral pressure profile is 
helpful. Saline is infused at a rate of 2 ml/min while 
the catheter is slowly withdrawn at 2 mm/s. The ure- 
thral pressure profile measures the passive resistance 
of a particular point in the urethra. To obtain 
dynamic information of the outlet during voiding, we 
use micturition urethral pressure profilometry. This 
study is done in mid-voiding cycle to help eliminate 
the transient responses of the bladder neck and exter- 
nal sphincter during micturition. In some sophisti- 
cated laboratories, microtipped transducer catheters 
are used rather than saline infusion. 


Figure 51.9 Urodynamics tracing in incontinent child with vesicosphincter dyssynergia: (a) uroflow; (b) electro- 


myogram. 
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Figure 51.10 Videourodynamic equipment. (Modified with permission from McGuire et al.25) 


Videourodynamics is a technique that simultane- 
ously combines the evaluation of the anatomy of the 
lower tract with recorded urodynamic studies (Figure 
51.10). In the last 10 years, compact video recording 
equipment and computer technology have advanced 
this once research tool into an accessible clinical 
modality. As cost containment becomes more essen- 
tial, portable urodynamic equipment can be brought 
into the fluoroscopy suite, to help share costs with the 
radiology team. Some investigators have found that 
real-time ultrasonography can be a suitable alternative 
to fluoroscopy. The disadvantage of ultrasonography 
is the less than ideal anatomic resolution. 

In our facility, computer-generated digital images 
are stored and urodynamic parameters are superim- 
posed on the image. Hard copies of the storage and 
voiding phase are also obtained and results in a radi- 
ologic interpretation component. Regardless of the 
imaging technology, videourodynamics is especially 
useful in delineating the bladder outlet during storage 
and voiding and identifying the causes of inconti- 
nence. When assessing the incontinent patient with- 
out uninhibited contractions noted on the 
cystometrogram, the urologist may evaluate the posi- 
tion and function of the bladder neck and proximal 
urethra under fluoroscopy to determine whether the 
urethra’s incompetence or mobility is the etiology of 
the wetting. Videofluoroscopy may also be used to 
evaluate bladder compliance in relation to vesi- 
coureteral reflux (VUR): i.e. reflux may act as a ‘pop- 


off valve for elevation in detrusor pressure, and 
knowledge of the time of reflux relative to bladder 
pressure can be important for proper management 
with clean intermittent catheterization and anticholin- 
ergics (Figures 51.1] and 51.12). 

The urodynamic portion of videourodynamics is 
conducted in the routine fashion, by having the child 
arrive at the urodynamic suite in as a relaxed state as 
possible. Prestudy rituals include detailed discussions 
with the family about expectation and methods to 
alleviate the child’s fears during the procedures. A 
scout film before placement of EMG patches or 
catheter probes helps to assess bowel status and 
guides future management of constipation if present. 
Severe constipation adversely affects vesicosphincter 
activity. If the child arrives with a full bladder, we per- 
form a non-invasive flow study with patch electrodes. 
For the cystometry portion of the examination, the 
technique is the same, except that the infusant is radi- 
ographic contrast. A triple-lumen urethral catheter is 
slowly withdrawn and a urethral pressure profile is 
obtained. We position a radiopaque marker that iden- 
tifies the urethral port at the point of highest urethral 
pressure. 

The study can be performed initially with the 
patient supine on a fluoroscopy table, imaged with a 
C-arm that eliminates the need for an expensive table, 
or seated in a multipositional, radiolucent micturition 
seat. The standing position can help delineate the 
bladder neck and urethrovaginal component more 
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Figure 51.11 A 14-year-old male with imperforate 
anus, tethered spinal cord, and neurogenic bladder. He 
presents with recurrent urinary tract infection and 
incontinence despite clean intermittent catheterization 
and pharmacotherapy. (a) Videourodynamics were 
performed to evaluate the incidence of reflux and the 
bladder dynamics prior to further management. (b) 
Videourodynamics revealed a bladder capacity of 
760 ml and low-pressure (19 cmH,O) bilateral VUR. 
The bladder outlet was competent. Surgical options 
include augmentation cystoplasty with antireflux 
surgery. A Mitrofanoff and Malone antegrade colonic 
enema (MACE) procedure would be an option. 

Vinfus = Volume of infusete; P|, = intravesical pres- 
sure; Piba = abdominal pressure; Pje = detrusor pres- 
sure; Qura = urinary flow. 
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readily; however, many adolescent and young adult 
females may not easily initiate a void in the unusual 
standing position. In the standing position, the right 
posterior oblique projection provides the best image 
of the bladder neck. Under fluoroscopic control, the 
bladder, bladder neck, and urethra are visualized 
while the pressure is recorded. 


35:30 


Bladder filling is accomplished at 10% of expected 
bladder capacity. Valsalva and requests for repeated 
coughing are utilized to provoke the patient’s inconti- 
nence symptoms. We examine the bladder base and ure- 
thra fluoroscopically for mobility and leakage, 
respectively. A postvoid residual is calculated and com- 
pared with the prestudy non-invasive residual. The 
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Figure 51.12 A 9-year-old female with dysfunctional 
elimination syndrome with recurrent febrile urinary 
tract infections. Videourodynamics revealed a bladder 
capacity of 875ml, with no leakage. Her capacity 
pressure was 20 cmH,O and she revealed grade 4 
reflux at 117 ml (arrow) with a pressure of 10 cmH,O. 
Her management included bowel management, 
biofeedback, and a subsequent successful subureteric 
injection of Deflux paste. (Key, see Figure 51.11.) 
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videourodynamic study accurately detects detrusor leak 
point pressure with straining. The importance of this 
finding relates to bladder compliance. If the outlet is 
open fluoroscopically, incontinence occurs with no 
change in bladder compliance. On the other hand, if the 
outlet is closed during a detrusor contraction (detru- 
sor—sphincter dyssynergia), incontinence may still occur, 
but only with elevated detrusor pressures (compliance). 

The first leak through the bladder neck is recorded. 


McGuire used videourodynamics and the abdominal 


leak point pressure (ALPP), also called the stress leak 
point pressure, to correctly diagnose the incontinent 
older patient with detrusor instability/ineffective 
outlet, as well as the pediatric patient with complex 
causes of incontinence (Figure 51.13). Videourody- 
namics easily evaluates the neurologically normal 
child with pseudosphincter dyssynergia and helps in 
the diagnostic dilemma of the child with neurogenic 
disease and decreased compliance, detrusor—sphincter 
dyssynergia, and areflexic emptying”> (Figure 51.14). 


758 Clinical pediatric urology 


Figure 51.13 A 16-year-old male with L34 
myelomeningocele had previous augmentation cysto- 
plasty, Mitrofanoff and MACE procedure. He presented 
with continued incontinence, despite adequate anti- 
cholinergic therapy and clean intermittent catheteriza- 
tion (CIC) every 3-4 hours. His videourodynamic study 
revealed a bladder capacity of 810 ml. Radiographi- 
cally, reflux occurred at 353 ml, (arrow) and the urethra 
was visible at his first leak point of 4 cmH,0 at 418 ml. 
His therapy included a sling procedure and a suburetric 
injection of Deflux paste. (Key, see Figure 51.11). 
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Compliance techniques introduced to reconfigure bladder compli- 
ance. McGuire*®, Houle et al,” and McGuire et al?° 
Since the late 1970s, great advances in pediatric urol- (1996) described two complementary studies to eval- 
ogy have occurred in the field of bladder manage- uate lower tract function and health. 

ment. A firm grasp of the importance of bladder McGuire popularized the concept of the leak point 
health or ‘safe’ compliance became evident coincident pressure. The leak point pressure is the detrusor pres- 
with the introduction of clean intermittent catheteri- sure at which leakage occurs through the outlet. It is 
zation by Lapides. The interest in neurourology blos- dependent on the resistance to flow. Without fluo- 


somed with non-surgical as well as reconstructive roscopy the point of resistance will not be evident. It 
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is measured by performing a slow fill cystometro- 
gram, noting the pressure at which the leak occurs 
around the catheter per urethra. It has been shown in 
several centers that in the myelodysplastic population, 
children with leak point pressures of >40 cmH,,O are 
at greater risk for upper tract damage (hydronephro- 
sis and reflux) than patients who have leak point pres- 
sures <40 cmH,O.?7?8 Although many groups base 
their treatment program on this ‘magic number’ of 
40, the limitations of a single leak point pressure are 
considerable. 

Despite its relationship to outlet resistance, mea- 
surement of leak point pressure can be misleading 
when used to evaluate continence capability. Specifi- 
cally, a high leak point pressure implies a good chance 
for continence. However, in the myelodysplastic pop- 
ulation, the leak point pressure may be high but still 
not correlate with significant continence in the pres- 
ence of a fixed but open bladder outlet. 

The stress leak point pressure measurement was an 
innovation to help in the assessment of continence 
capability. The stress leak point pressure is slightly 


different from the simple bladder leak point pressure 


Figure 51.14 Videourodynamic study to indicate 
detrusor external sphincter dyssynergia. Note: detru- 
sor contraction and simultaneous perineal EMG activ- 
ity. The video indicates the dysfunctional void. 


| Radiograph 


30 ml 


and can be determined without fluoroscopy. This 
value is obtained by slowly filling the bladder and 
having the child strain as if to have a bowel move- 
ment. The lowest pressure is then noted during which 
leakage first occurs. We ask the child to cough vigor- 
ously while the pressure is measured. This marker 
helps evaluate the capability of the outlet in both the 
open and poorly functioning state (e.g. the myelodys- 
plastic child). The stress leak point pressure helps to 
determine whether outlet reconstructive procedures 
are needed to achieve urinary continence.” 

The leak point pressure is an accurate measure of 
bladder storage pressure. However, Houle proposed 
that observing the volume at which a child can safely 
store urine, ie. pressure-specific bladder volume, 
might better assess bladder storage characteristics. 
Houle indicated that in normal children, 99% of blad- 
der capacity can be stored at <30 cmH,O. Thus, a 
safe pressure of 20-30 cmH,O was chosen and the 
volume noted which kept the pressure in that 
range.*°%9 This may be a most useful judge of com- 
pliance. Therapeutic interventions can be imple- 
mented based on this safe storage pressure. Voiding 
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Figure 51.15 Urodynamic study to show poorly compliant neuropathic bladder pressure at capacity is 62 cmH,O 
and patient-recorded typical catheterization volumes (CIC) that were at elevated pressures (70 cmH,O). Failure at 


conservative management resulted in augmentation. 


and catheterization diaries for patients may be 
obtained, and evacuation schedules or additions of 
medications (anticholinergics) adjusted accordingly. 
If conservative measures do not consistently allow the 
bladder to store in a safe zone, augmentation or neu- 
romodulation procedures are used (Figure 51.15). It 
seems prudent and it is easy to obtain the leak point 
pressures, both simple and stress, as well as the pres- 
sure-specific bladder volume. However, it is unclear 
whether these data alone should be used as a basis to 
intervene prophylactically or must be interpreted in 
conjunction with imaging (e.g. renal and bladder 
sonography). Both programs have their staunch 
advocates. Accurate studies performed in a consistent 
and timely manner can only benefit the current popu- 
lation of children and give guidance for future cost- 
effective management. 


Upper tract urodynamics 


The issue of flow and pressure extends to the upper 
urinary tract. There is a variety of modalities to eval- 


uate the functional patency of the upper tract. As in 
most aspects of medicine, the more tests that are 
available to evaluate a single subject, the more likely it 
is that no one test is the gold standard. At both ends 
of the spectrum, one would hope that clear-cut 
obstruction versus non-obstruction would be evident 
by studies including serial ultrasonography, diuretic 
excretory urography, retrograde pyelography, or 
diuretic renography. Urodynamics of the upper tract 
may be helpful when any or all of these studies 
become equivocable. Although the invasive Whitaker 
study (as originally described) would have promise as 
being the gold standard, it is also fraught with inter- 
pretive error. However, as in the case of the static leak 
point pressure, stress leak point pressure, and pres- 
sure-specific bladder volume, a variety of methods 
exist to evaluate the response of the upper urinary 
tract to flow and pressure. 

The classic antegrade perfusion test as applied by 
Whitaker,*! based on the work of Kiil’? and Backlund 
and Reuterskold,** is well known. Simply, the test 
requires the infusion of saline into the renal pelvis at 
a constant flow rate, and pressure transducers placed 
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Figure 51.16 Whitaker test. Percutaneous puncture of renal pelvis and measurement of renal and bladder pressure. 


(Modified with permission from King and Levitt.34) 


in the renal pelvis and the bladder simultaneously to 
record the relative pressures. The access to the pelvis 
is typically percutaneously (in the preoperative evalu- 
ation); however, open access is certainly possible 
(Figure 51.16). 

Why would one feel compelled to go to the bother 
and expense of this invasive test? There is a select 
group of patients and circumstances where diuretic 
renography will not be diagnostic: i.e. in the child in 
whom renal function is so compromised that the renal 
parenchyma cannot adequately handle the introduced 
isotope, technetium 99 m diethylenetriamine penta- 
acetic acid (?°™Tc DTPA).*> The technique of the 
renogram, as well as the timing of the diuretic admin- 
istration and the upper tract compliance can also 
influence the results. The diuretic renogram, even 
under ideal conditions, cannot evaluate renal pelvic 
pressure. Thus, in the proper setting, the effort 
involved in a urodynamic evaluation of the upper 
tract is indicated. 

The patient is sedated and often anesthetized, and a 
catheter is inserted into the bladder and attached to a 
three-way stopcock. We place the patient prone, but 
before renal pelvic access, the 22-gauge access catheter 
is infused at 10 ml/min to determine the resistance of 
the catheter itself. Both the infusion and bladder 


catheters are connected to pressure transducers and 
leveled to the renal pelvis and superior border of the 
symphysis pubis, respectively. For the classic Whitaker 
pressure-flow study; a motor-driven syringe pump 
infuses fluid at a constant rate of 10 ml/min. The study 
can be repeated at 5 and 2 ml/min. If there is a sudden 
and rapid rise in renal pressure, the catheter may be 
abutting against the wall of the pelvis, and needs 
adjustment. If the bladder pressure rises significantly, 
the stopcock is opened and the bladder drained. The 
issue of bladder fullness is critical, because as the blad- 
der fills and its pressure elevates, it can result in greater 
emptying pressure of the ureter and pelvis. The blad- 
der pressure, as well as the infusion pressure through 
the infusant catheter and tubing, needs to be sub- 
tracted from the pelvic pressure.*° The pelvic or 
absolute pressure, minus the bladder and tubing pres- 
sure, equals the relative pressure. 

During the analysis of the pressure data, two 
groups of patients emerge: those with relative pres- 
sures <15 cmH,O and those with relative pressures 
>22 cmH,O. In the ideal, the test can indicate 
(>22 cmH,0), 
(<15 cmH,O), and the general site of obstruction. 
That is, if the renal pelvic pressure and bladder pres- 
sure drop by emptying the bladder, elevated bladder 


obstruction no obstruction 
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Table 51.3 Summary of the Whitaker test 


Kidney pressure Normal Raised Raised Raised 

Relative pressure (cmH,O) <15 >22 <15 SLD 
(Pelvic-tubing—bladder) 

Bladder pressure Normal Normal Raised Raised 

Result Unobstructed Obstructed Non-compliant bladder Non-compliant bladder 


pressure is causing the poor emptying of the renal 
pelvis and bladder management is needed, i.e. to 
improve bladder compliance by surgical or non-surgi- 
cal means. If the relative pressure differential is sub- 
tracted from the absolute renal pelvic pressure and the 
result is >12—15 cmH,O, there is some degree of 
ureteral obstruction?” (Table 51.3). There are several 
concerns regarding the accuracy and predictability of 
Whitaker’s relative pressure. In the original descrip- 
tion, Whitaker noted that the fullness of pelvis and 
ureter could be noted if radiopaque contrast is used 
for the infusant. This equilibrium/fullness factor, 
however, may be somewhat arbitrary. To assess the 
pressure correctly, the system needs to be full. The 
infusion rate has also come under question. Fung et 
al’8 adjusted the nomogram, by suggesting that the 
original Whitaker test may be made more accurate by 
infusing a volume more individualized for patient size 
and glomerular function rather than the standard rate 
of 10 ml/min. Mortensen et al*? found, in the pig, 
large enough overlaps in the relative pressure to call 
into question the concern over a 12-15 cmH,O 
pressure. Forthcoming were debates over constant 
flow versus constant pressure studies. The constant 
pressure technique is compared with the pressure- 
specific bladder volume work: i.e. it may be important 
to know the pressure required to produce flow across 
the system, as the pressure should be the final 
determinate of upper tract health. In the human one- 
kidney model, keeping pressure constant by elevating 
the infusant solution to known levels and measuring 
flow can be assessed. However, in the child with two 
kidneys, measuring output from the studied kidney 
only is still a challenge.4°*! Finally, a variety of 
influences on the urinary tract can significantly alter 
the renal pelvis emptying pressure, e.g. pharmaco- 
therapy (principally anticholinergics), infections, and 
reflux.42-## 

The expanded subject of the pressure—flow study, 
renogram, prediction of pathology, and prediction of 
renal salvage is beyond the scope of this technical 
chapter. Complex diagnostic dilemmas may not be 


and obstruction 


solved by the use of urodynamics of the upper tract 
(however one chooses to execute the study). In the 
select patient with poor renal function and a dilated 
system, however, a carefully planned diagnostic attack 
should also include the capability to perform a repro- 
ducible evaluation of the pressure—flow characteristics 
of the system. 
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Introduction 


The body controls storage and emptying of urine by 
a series of neurologic pathways. These pathways are 
similar to electrical circuits that help control and coor- 
dinate the activities of a complex machine. They grant 
the ability to rapidly shift the lower urinary tract 
between two different modes of function: storage and 
emptying. In infants, the switching process between 
these two functions acts in a reflex manner to produce 
involuntary voiding. In older children, urine storage 
and emptying are under voluntary control. This 
degree of control is unique in the body. Autonomic 
or involuntary reflex mechanisms almost exclusively 
control other visceral structures, such as the heart, 
bowels, and lungs. They react to volitional activity 
but are not under volitional control. Yogis have been 
able to consciously slow their heart rate and rhythm 
and elite athletes such as Olympic target shooters can 
delay the onset of their QRS complex as seen on an 
electrocardiogram (ECG) to allow them to fire 
between ventricular contractions. Yet, neither of these 
groups exhibits the degree of volitional control 
exerted over an autonomic system as experienced rou- 
tinely by children over their bladder and urethra. 
In over a century of study, the physiology and neu- 
rology of the bladder and urethra have been fruitful 
areas of research. Clinical observation of patients, lab- 
oratory studies of human tissue, and animal models 
have helped to contribute to this knowledge. For pedi- 
atric urologists, an understanding of the normal 
process of urine storage and drainage provides the 
foundation for the evaluation and treatment of con- 
genital and acquired abnormalities of storage and 
emptying. This chapter reviews what is currently 
understood about these neurologic pathways, their 
interaction with the target organs, and their clinical 


relevance to pediatric urology. We use specific disease 
entities as examples to further our discussion, but 
these conditions (e.g. neurogenic bladder dysfunction) 
are discussed elsewhere in detail. We begin by review- 
ing the various components of bladder physiology and 
follow in each case with a description of the reflex 
pathways that contribute to coordination of bladder 
filling and emptying. We also discuss the role of higher 


centers and the plasticity of neurologic control. 


Overview summary 


The lower urinary tract, which comprises the bladder, 
urethra, and urinary sphincter, has two principal func- 
tions: storage of urine and emptying of urine. A com- 
plex neural control system involving the brain, spinal 
cord, and autonomic and somatic nerves governs 
these actions. This system performs as a series of cir- 
cuits that overlay each other. At the most basic level, 
it works as a simple switch to maintain a reciprocal 
relationship between the reservoir (bladder) and the 
outlet (urethra, urinary sphincter). The circuits also 
interconnect and create a complex sequence of coor- 
dinated selective excitation and inhibition of the blad- 
der, urethra, and sphincter (Figure 52.1). A variety of 
neurotransmitters play significant roles in these path- 
ways, and may provide opportunities for pharmaco- 
logic intervention. 

During bladder filling, the viscoelastic properties of 
the bladder wall and an absence of an excitatory input 
from the parasympathetic ganglia to the bladder 
smooth wall musculature allow the bladder to accom- 
modate more urine while keeping pressures low. As 
the bladder continues to fill, an increase in outlet 
resistance occurs by means of a rhabdosphincter 
somatic reflex called the guarding reflex. In humans 
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Figure 52.1 The relationship between the anatomy of the lower urinary tract and the switch function of the micturi- 
tion pathways. During urine storage, a low level of afferent activity activates efferent input to the urethral sphincter. 
A high level of afferent activity caused by bladder filling activates the switch in the central nervous system (CNS). 
This causes firing of the efferent pathways, inhibition of the efferent pathway to the urinary sphincter, leading to 
relaxation, and excitation to the bladder, causing contraction and emptying. 


and many mammalian species, a sympathetic reflex 
also aids this process by increasing outlet resistance. 
This is achieved by increasing tension on the smooth 
muscle component of the sphincter and by inhibiting 
bladder contractility through an inhibitory effect on 
the parasympathetic ganglia. Finally, the sympathetic 
output also decreases the tension of bladder smooth 
muscle. The intrinsic competence of the bladder 
outlet, with some reflex help from the rhabdosphinc- 
ter, maintains continence during increases in intra- 
abdominal pressure. 

Bladder emptying can be volitional or involuntary 
and involves an inhibition of the spinal somatic and 
sympathetic reflexes and activation of the parasympa- 
thetic pathways leading to the bladder. The coordi- 
nating center lies in the pons region of the brainstem. 
Initially there is relaxation of the bladder neck and 
sphincter muscle, which is controlled by the cessation 
of somatic and sympathetic spinal reflexes as well as 
local factors such as nitric oxide (NO) released by 
parasympathetic stimulation. Subsequently, a coordi- 
nated synchronized contraction of the bladder 
smooth muscle occurs. The bladder neck or outlet 
develops a funnel shape that is due in part to the con- 
tinuity of the bladder base and proximal urethra. 
There is modulation of this process from other 
peripheral reflexes and from supraspinal sources. The 


bladder then empties and drains normally to comple- 
tion. 

The ability to control and modulate between these 
two states develops with maturation. In neonates, the 
switch between the two modes of storage and empty- 
ing occurs on a reflex level once the bladder reaches a 
threshold volume. With maturation, the ability to 
modulate this action develops volitionally. This 
change occurs because a layer of modulating and 
inhibitory controls that originate above the sacral 
spine and are mediated by the cerebral cortex and 
other higher centers is overlaid to modify the primi- 
tive set of pathways that function initially. These 
pathways remain malleable throughout life. Injury 
and disease can cause these suprasacral inhibitory and 
modulating pathways to become lost or diminished. 
Farlier reflex pathways are then unmasked and can re- 
emerge. Plasticity and re-emergence of earlier more 
primitive pathways may help to explain the nature of 
many conditions caused by neurogenic dysfunction. 


Target organs: bladder, urethra, and 
urinary sphincter 


A multilayer weave of smooth muscle surrounds the 


bladder and urethra. The bladder and urethra form 


Neurologic control of storage and voiding 767 


one anatomic unit with two distinct functional 
regions: the body or fundus, and the base and proxi- 
mal urethra. The demarcation between these two 
areas roughly coincides with the division between the 
bladder body and the trigone.*+° The bladder and ure- 
thra receive different types of autonomic innervation. 
Muscarinic cholinergic receptors are found through- 
out the smooth muscle but are most numerous in the 
fundus. Preganglionic cholinergic receptors in the 
sympathetic and parasympathetic ganglia are nico- 
tinic, as are the cholinergic receptors of the striated 
muscle component of the urinary sphincter, the rhab- 
dosphincter. a-Adrenergic receptors are more numer- 
ous in the smooth muscle of the posterior urethra and 
bladder base.*”8 This cluster of a-adrenergic recep- 
tors is more concentrated in boys than in girls and 
many contribute to the tight bladder neck closure 
seen during ejaculation.” Beta-adrenergic receptors 
are found in the fundus and act to help relax the blad- 
der during filling.!° Human fetal studies have shown 
that B-adrenergic and cholinergic receptors are pre- 
sent as early as 3 months’ gestation.!! -Adrenergic 
receptors appear in the trigone and urethra after 6 
months’ gestation. These observations suggest that 
even very early in infancy a complex system is already 
at work. Pharmacologists have exploited the differ- 
ences in receptor distribution to create drugs that 
target specific receptors. This distribution may change 
as a result of injury or disease. 

The organization of the bladder smooth muscle 
affects its normal function. Smooth muscles are orga- 
nized into fascicles of 4-12 cells. Extracellular matrix 
(ECM), consisting of collagen, elastin, and rare 
fibroblasts, surrounds each fascicle.!2 These bundles 
collectively form circumferential and longitudinal pat- 
terns around the bladder and proximal urethra; they 
are interwoven, with no distinct layers. In males, the 
smooth muscle forms part of the prostatic capsule. 
The rhabdosphincter consists of circumferential fibers 
of striated muscle that surround the smooth muscle 
from the bladder base to the urogenital diaphragm.!8 
It appears that the rhabdosphincter is distinct and 
separate from the urogenital diaphragm and pelvic- 
supporting striated muscles in both males and 
females.1*15 The striated muscles are both fast and 
slow twitch. The fast-twitch, more easily fatigued 
fibers fire during voluntary attempts to stop micturi- 
tion or during acts of active suppression of voiding. 
The slow-twitch fatigue-resistant fibers contract 
during bladder filling as part of the guarding reflex. 
The rhabdosphincter initially contracts as a reflex. 
With maturation, it comes under volitional control 


from the higher cortical centers. In addition to 
somatic and sensory connections, the urinary sphinc- 
ter also receives parasympathetic and sympathetic 
fibers from the pelvic plexus, making it ‘triple inner- 
vated.”!© Clinically, this concept is important, as © 
blockers are useful in treating urinary obstruction and 
dysfunctional voiding. This combination of sympa- 
thetic, parasympathetic, and somatic innervation is 
present in the cat; the sympathetic component is pre- 
sent in humans. The full functional significance of the 
autonomic innervation of the striated sphincter in 
humans is not yet known. Urinary physiologists have 
identified autonomic innervation of the striated 
sphincter in patients with lower motor neuron lesions 
but not in patients with detrusor—sphincter dyssyner- 
gia (DSD) - suggesting that the degree of autonomic 
innervation changes as a response to injury or dis- 
ease.417 

Nerve endings do not innervate each individual 
smooth muscle cell of the human bladder. Electron 
microscopy shows that normal muscle cells are about 
0.2 nm apart without intercellular links.* Direct cell- 
to-cell excitation has not been shown. Electro- 
mechanical coupling rather than direct neuronal 
excitation propagates efficient coordinated detrusor 
contractions. A few muscle cells are directly triggered, 
which in turn contract and pull on their neighboring 
cells, thereby triggering further excitation. Some 
researchers believe that changes at a myogenic level 
may be responsible for urge and urge incontinence 
seen with overactive bladder.18-19 

The normal bladder exhibits excellent compliance 
and viscoelasticity. The parameters are influenced by 
the properties of the ECM, which (as stated previ- 
ously) is a mixture of collagen, elastin, and occasional 
fibroblasts. In many pathologic states, there are 
changes in the ECM that affect the mechanical func- 
tion of the bladder. The type of collagen that is pre- 
sent appears to play an important role.?° Type I and 
type M collagen predominate in the ECM: type I is 
thicker and stiffer, whereas type II is thinner and 
more pliable. As the human fetus matures, the ratio 
between types I and type III decreases, with an 
associated rise in bladder compliance and increase in 
elastin. A normal fetal bladder becomes more compli- 
ant as gestation progresses. Fibroblasts in the intersti- 
tium are the source of most of the connective tissue. 
Normally there is little fibroblast activity in the blad- 
der. Denervation experiments show that increases in 
ECM may be in part due to a slowing of collagen 
degradation and decrease of activity of local proteases. 
Increases in ECM come not only from the fibroblasts 
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but also from the smooth muscles themselves.?! Ded- 
ifferentiation of smooth muscle cells under repetitive 
stress leads to more elaboration of collagen and elastin 
in the interstitium. This resembles the process seen in 
stressed walls of vasculature, wherein an injury or dis- 
ease can initiate a spiraling cascade of pathology. A 
neurogenic bladder, for example, may lose the neuro- 
logic modulation that maintains compliance, which in 
turn leads to higher storage pressure, which causes 
higher stress, which promotes dedifferentiation of 
smooth muscles and greater deposits of elastin and 
collagen, which further decreases elasticity and com- 
pliance, and so on. Removal or alteration of normal 
innervation may result, therefore, in lasting changes 


to the histology of the bladder. 


Neurotransmitters 


The basic autonomic neurotransmitters are well 
known. The sympathetic nerves are adrenergic and 
use norepinephrine as a neurotransmitter in postgan- 
glionic synapses. Preganglionic sympathetic and all 
parasympathetic nerves are cholinergic and use acetyl- 
choline. Less well known is a third system, the 
purinergic or peptidergic system. Found in animals 
and humans, it comprises a wide variety of molecules, 
including vasoactive intestinal peptide (VIP), neu- 
ropeptide Y, adenosine triphosphate (ATP), sub- 
stance P, somatostatin, and calcitonin gene-related 
peptide (CGRP).42223 This third pathway acts as a 
modulator of overall autonomic activity. Neuropep- 
tides are present throughout the smooth and striated 
muscle of the lower urinary tract. In addition, obser- 
vations in some pathologic states of autonomic den- 
ervation suggest that the effects are clinically more 
significant. The existence of this third pathway of the 
autonomic system was inferred when muscarinic 
blockade with atropine did not completely ablate in- 
vitro bladder muscle contraction.” Atropine is also 
less effective in blocking bladder muscle contractions 
from specimens taken from neurogenic bladders, sug- 
gesting that there is an enhanced purinergic factor in 
these pathologic bladders. 

Several purinergic transmitters are inhibitory: 
opioid peptides (enkephalins), inhibitory amino acids 
[glycine, y-aminobutyric acid (GABA)], serotonin, 
dopamine, and non-opioid peptides such as neu- 
ropeptide Y and corticotropin-releasing factor. All of 
these can inhibit the micturition reflex when applied 
to the central nervous system (CNS). Excitatory 
purinergic transmitters include glutamic acid, neu- 


ropeptides such as substance P and VIP, NO, and 
norepinephrine.**#*5 These neurotransmitters affect 
the vascular smooth muscle, may alter local blood 
flow, and can appear in increased concentration in 
obstructed or neurogenic bladders. VIP is lower in 
concentration in biopsy specimens of hypercontractile 
bladders.”° Because of elevated levels of VIP and neu- 
ropeptide Y in the urethras of patients with spinal 
cord injury, a compensatory role for them has been 
suspected.?” ATP levels are higher than normal in the 
bladder muscle of spina bifida patients and interact 
with two families of receptors: P2X receptors and the 
G protein-coupled P2Y receptors. Therefore, it has 
been speculated that hyperactivity observed in neuro- 
genic and obstructed bladders might be the result of 
abnormal purinergic influences mediated by these 
neurotransmitters.28 

Cholinergic receptors found throughout the 
smooth muscle of the lower urinary tract are numer- 
ous in the body of the bladder but are distributed 
with subtle variations depending on the anatomic 
location.® At least five subtypes of muscarinic recep- 
tors exist (M1-M5). Types M1, M2, and M3 are 
found in the human bladder.?? Types M2 and M3 
may act synergistically, with M2 enhancing the effect 
of M3-mediated contractions. Types M2 and M4 
together may play a role in the prejunctional inhibi- 
tion of acetylcholine release.*° The identification of 
subtypes make possible the development of specific 
agents that act not only to crudely block the postjunc- 
tional receptor but also may be able to modulate pre- 
junctional release. The preganglionic cholinergic 
receptors in the sympathetic and parasympathetic 
ganglia in contrast are nicotinic, as are the cholinergic 
receptors in the rhabdosphincter. Pancuronium, an 
anesthetic, and botulinum toxin, both nicotinic block- 
ing agents, may be used to paralyze the rhab- 
dosphincter, but total incontinence does not result 
because the smooth muscle component of the sphinc- 
ter and bladder neck remains unaffected.?! 

As noted earlier, a-adrenergic receptors are con- 
centrated in the posterior urethra and trigone bladder 
neck and are more numerous in boys than in girls.® 
Stimulation of B-adrenergic receptors in the detrusor 
leads to relaxation of the smooth muscle. Adenylyl- 
cyclase mediates the effect, which leads to accumula- 
tion of cyclic adenosine monophosphate (cAMP). 
This observation led to speculation that B blockers 
could be used directly or that phosphodiesterase 
(PDE) inhibitors, which slow the breakdown of 
cAMP, could be adapted as drugs for treating bladder 
instability. Hypogastric nerve stimulation and 
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a-adrenergic agonists produce a rise in intraurethral 
pressure that is blocked by o antagonists.*4 This sup- 
ports the role for o-agonist agents in treating some 
forms of incontinence and o blockers in relaxing the 
bladder neck and urethra. 

Nitric oxide is a major inhibitory transmitter medi- 
ating relaxation of the urethral smooth muscle during 
micturition.*+ Parasympathetic postganglionic nerves 
release NO. Inhibitors of nitric oxide synthase block 
relaxation. NO is also involved with bladder afferent 
modulation. In situations of bladder irritation, NO 
inhibitors help decrease or eliminate bladder instabil- 
ity. NO-mediated smooth muscle relaxation results 
from increased intracellular accumulation of cyclic 
guanosine monophosphate (cGMP). PDE inactivates 
cGMP, as it does cAMP, and therefore cGMP may be 
a target for PDE inhibitors. 

Neuropeptides such as substance P, neurokinin A, 
CGRP, VIP, pituitary adenylate cyclase-activating 
peptide (PACAP), and enkephalins play a role in 
modulating afferent sensory nerves. The actions of 
these purinergic transmitters have led to the recogni- 
tion that the bladder urothelium may act as a large 
sensory organ, and the urothelium as an integral part 
of the afferent pathway in the same way the detrusor 
or rhabdosphincter act as distinct components.*°36 
Their actions help shape and form the type of afferent 
signal that enters the micturition reflex. This concept 
has led to novel approaches to treating conditions 
such as overactive bladder and interstitial cystitis. 
Rather than focusing on the efferent pathways, new 
treatments and therapies aim to dampen or alter the 
afferent signals from the urothelium.35-37 For exam- 
ple, neuropeptides are active in capsaicin-sensitive C- 
fiber bladder afferents. These afferents are of 
particular interest because they are normally quiescent 
but become very sensitive when faced with major 
bladder inflammation or other noxious intravesical 
events.358—40 Agents directed against vanilloid recep- 
tors can desensitize them. Capsaicin and its analogue 
resiniferatoxin have attracted recent interest because 
of their potent ability to affect the vanilloid receptors 
and desensitize these C fibers. 


Peripheral innervation 


The peripheral innervation of the lower urinary tract 
includes components of the sympathetic, parasympa- 
thetic, and somatic nervous systems. They connect to 
the target organs of the bladder, urethra, and urinary 
sphincter by the pelvic, hypogastric, and pudendal 


nerves. There are also modulating influences from the 
sympathetic ganglia chain and intramural ganglia. 

The pelvic nerves are parasympathetic and originate 
from the sacral spinal cord. They excite the bladder 
and relax the urethra and urinary sphincter. The effer- 
ent nerves originate from the upper and middle sacral 
spinal cord segments S2-S4 and course outward as 
the pelvic nerves. Parasympathetic preganglionic neu- 
rons are located in the lateral part of the sacral inter- 
mediate gray matter in the region termed the sacral 
parasympathetic nucleus (SPN) and the axons exit the 
ventral roots to reach the peripheral ganglia. In 
humans, parasympathetic postganglionic neurons are 
located in the detrusor wall layer as well as in the 
pelvic plexus. Patients with cauda equina or pelvic 
plexus injury may be neurologically decentralized but 
are not completely denervated. Afferent and efferent 
neuronal interconnection at the level of the intramural 
ganglia is still possible.*? 

The hypogastric nerves are sympathetic and arise 
from the lumbar spinal cord. They excite the bladder 
base, urethra, and urinary sphincter. The efferent 
sympathetic nerves originate from spinal cord seg- 
ments T11-L2. These nerves pass from the cord to 
the lumbar chain ganglia and then to the superior 
hypogastric plexus. Nerves from the plexus coalesce 
to form the right and left hypogastric nerve. Sympa- 
thetic pathways arise from the rostral lumbar spinal 
cord and provide noradrenergic excitatory and 
inhibitory stimuli to the bladder and urethra.?” Acti- 
vation of the sympathetic nerves causes relaxation of 
the bladder body and contraction of the bladder 
outlet and urethra, which facilitates storage of urine in 
the bladder. 

The pelvic and hypogastric nerves meet to form the 
inferior hypogastric plexus. Nerves from this plexus 
then travel to the lower ureter, bladder, urethra, and 
urinary sphincter. The preganglionic nerves of the 
hypogastric plexi are closely associated with the gan- 
glia close to or within these target organs. Intramural 
ganglia are present in the adventitia, muscle, and sub- 
urothelium of the bladder and urethra. Postgan- 
glionic nerves from the intramural ganglion then 
travel the final distance to directly innervate the 
smooth muscle lining these organs. This last group of 
ganglia and nerves comprise the so-called urogenital 
short neuron system.>?! 

The pudendal nerves excite the rhabdosphincter. 
They are somatic and arise from the sacral cord seg- 
ments S1—S4. The nucleus of these nerves resides in 
the lateral border of the ventral horn of the sacral cord 
and is called Onufs nucleus (after Wladislaus 
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Onufrowicz, Swiss anatomist, 1836-1900): found in 
cats, dogs, and humans, it also innervates the bulbo- 
cavernosus and ischiocavernosus muscles. The rhab- 
dosphincter initially behaves reflexively and later 
comes under voluntary control from the higher corti- 
cal centers with maturation. The sphincter motor 
neurons have dendrites that project laterally to the lat- 
eral funiculus, dorsally to the intermediate gray 
matter, and dorsomedially to the central canal. These 
connections with interneurons allow for a complex 
pattern and reflexes to be created. 

The ability to sense fullness is important to both the 
storage and emptying of urine. Afferent activity that 
occurs during bladder contraction has an important 
reflex function and appears to reinforce the central 
drive that maintains detrusor contraction. All of these 
named nerves also carry afferent sensory information 
back to the spinal cord.3? Afferent nerves travel along 
the hypogastric and pelvic nerves to link the urogenital 
smooth muscle to the hypogastric plexus and further 
upward to the lumbar and sacral dorsal root ganglia 
(DRG). Afferent sensory nerves also travel along the 
pudendal nerve to the sacral spinal cord. These nerves 
conduct information from the bladder suburothelium 
and muscle, the sense of fullness, urgency, and pain. 
The primary afferent nuclei of the pelvic and pudendal 
nerves are contained in the sacral DRG, whereas the 
afferent innervation of the hypogastric nerves come 
from the rostral lumbar DRG. The central axons of 
these DRG neurons carry the sensory information to 
the second-order neurons within the spinal cord.3?41 
Visceral afferent fibers of the pelvic nerve and pudendal 
nerve enter the cord and move within the portion of 
the dorsal cord called Lissauer’s tract*!4? (after Hein- 
rich Lissauer, German neurologist, 1861-1891). This 
is a longitudinal bundle of thin, unmyelinated, and 
poorly myelinated fibers capping the apex of the poste- 
rior horn of the spinal gray matter composed of poste- 
rior root fibers and short association fibers that 
interconnect neighboring segments of the posterior 
horn. Pelvic nerve afferents monitor bladder volume 
and degree of contraction and are carried on both 
myelinated and unmyelinated axons. The myelinated 
axons are Aé fibers and the unmyelinated axons are C 
fibers. Neuropathic conditions and possibly inflamma- 
tory conditions can lead to recruitment of C fibers 
which can form new functional afferent pathways 
which are believed to cause urge incontinence and pos- 
sibly increased bladder pain. Að fibers carry informa- 
tion from smooth muscle and sense wall tension: when 
inflamed, there is increased discharge at a lower thresh- 
old pressure. The C fibers carry stretch and bladder 


fullness sensation from urothelium and smooth muscle 
and act as nociceptors for overdistention. Usually quiet, 
when irritated C fibers discharge at lower threshold, 
become more sensitive, and unmask new afferent path- 
ways during inflammation. This has formed the basis 
for several lines of treatment that act against the sen- 
sory end (e.g. capsaicin, resiniferatoxin). Current 
theory holds that several different types of afferents are 
present: stretch, volume, tension, and silent (nocicep- 
tors). Irritation intravesically can lower the pressure 
threshold. Most C fibers are insensitive to normal dis- 
tention but can become mechanosensitive and active 
when irritated or inflamed. 


Reflex pathways 


Several reflex pathways help mediate urinary storage 
and emptying. The central pathways that control the 
lower urinary tract function are organized as simple 
on-off switching circuits. Some reflexes promote urine 
storage and others facilitate voiding. These reflexes can 
become interlinked to create complex feedback mech- 
anisms. The guarding reflex, which links bladder dis- 
tention to external sphincter activity during filling, 
activates sphincter afferents that inhibit the parasym- 
pathetic excitatory inputs to the bladder; this explains 
how bladder to rhabdosphincter activity could lead to 
decreased bladder activity during storage. The disrup- 
tion or discoordination of these interactions may be 
the underlying cause in forms of neurogenic bladder 
dysfunction (Figures 52.2 and 52.3). 

There are four types of pathways in the spinal cord 
that link together to form the reflex pathways: 


1 Spinal efferent nerves, which include autonomic 
preganglionic neurons and somatic motor neu- 
rons. 

2 Spinal interneurons, which are located between the 
dorsal and ventral horns. 

3 Primary afferent neurons. 

4 Central neurons from the brain and brainstem, 
which modulate spinal reflexes.*° 


These pathways were elucidated using intracellular 
labeling, pseudorabies virus tracing, and measure- 
ment of gene product expression.* 


Urine storage, guarding, and sphincter-to- 
bladder reflex 


During the storage of urine, distention of the bladder 
stimulates afferent nerves. These in turn stimulate 
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Figure 52.2 During storage, distention of the bladder causes low-level bladder afferent activity, which in turn acti- 
vates the sympathetic outflow to the bladder and urethra, and increases pudendal nerve activity to the rhab- 
dosphincter. These effects constitute the guarding reflex. Sympathetic activity also inhibits detrusor activity and 


transmission in the bladder ganglia. 


sympathetic excitatory outflow to the bladder trigone 
and urethra, and pudendal outflow to the rhab- 
dosphincter. These responses together are collectively 
known as the guarding reflex. Sympathetic stimula- 
tion also inhibits detrusor muscle and bladder ganglia 
transmission. The guarding reflex in turn diminishes 
during the start of micturition.%?+ This sequence of 
reflex activity is demonstrable clinically. During blad- 
der distention with urodynamic measurement, an 
involuntary increase in the activity of the rhab- 
dosphincter is measurable with either an intraluminal 
pressure transducer placed at the highest-pressure 
zone of urethral pressure or by a perineal electromyo- 
gram (EMG) (Figure 52.4). The EMG of the urinary 
sphincter will show increased activity, reflecting the 
increase in the efferent firing in the pudendal nerve 


and an increase in outlet resistance that contributes to 
the maintenance of continence. The external urethral 
sphincter activity reaches a peak just before the onset 
of micturition. At low bladder volume, the reflex is 
involuntary, but as the bladder volume reaches the 
sensory threshold of fullness, the external urethral 
sphincter activity increases and becomes a conscious 
and voluntary phenomenon. Whereas bladder afferent 
stimulation is the primary activation of pudendal 
motor neuron activity, urethral and perineal afferents 
may contribute.4#4° This part of the guarding reflex 
links proprioceptive afferents from the pelvic floor to 
induce closure of the urethral outlet. 

How is this clinically important? It was originally 
theorized that the reflex increase might be a mecha- 
nism that protects against stress incontinence.*° This 
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Figure 52.3 At the initiation of voiding, bladder afferent activity increases, which activates the pontine micturition 
center. This inhibits the spinal guarding reflexes, which are conducted via the pudendal nerve. It also stimulates the 
parasympathetic outflow to the bladder and bladder neck. Ascending afferents complete the reflex loop by bring- 
ing feedback input to the cerebral cortex and higher centers. 


mechanism explains how certain avoidance maneu- 
vers, such as vigorously crossing the legs repeatedly 
and ‘squirming’ (doing the ‘potty dance’) or tucking 
the heel into the perineum (Vincent’s curtsy), are used 
by children who are infrequent voiders to reduce feel- 
ings of urgency, thereby allowing them to continue to 
hold urine for prolonged periods. The fact that stimu- 
lation of the somatic afferent pathways of the puden- 
dal nerve to the caudal lumbosacral spinal cord can 
inhibit voiding further supports this observation. 
Afferent input can come from a variety of sites, such as 
the penis, vagina, rectum, perineum, urethral sphinc- 
ter, and anal sphincter. This pathway has been termed 
the sphincter-to-bladder reflex pathway. Studies in cats 
suggest that this is mediated by suppression of the 


interneuronal pathways in the sacral spinal cord and by 
direct inhibition of the parasympathetic preganglionic 
neurons.*” The sacrolumbar intersegmental spinal 
reflex pathway, which is triggered by vesical afferent 
activity in the pelvic nerves, initiates sympathetic firing 
at least in part. The vesicosympathetic reflex represents 
a negative feedback mechanism whereby an increase in 
bladder pressure triggers an increase in inhibitory 
input to the bladder, thus allowing the bladder to 
accommodate larger volumes of urine. The reflex path- 
way is inhibited during voiding, and this inhibition is 
in turn abolished by transection of the spinal cord at 
the thoracic level, which suggests that it originates at a 
supraspinal site, probably at the pontine micturition 
center. 
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Figure 52.4 The differences between infantile, mature child, and dyssynergic voiding, where there is a loss of coor- 
dination between the bladder and sphincter. The latter condition is often seen as a result of injury or disease to the 
central nervous system. Note that in both the infantile and mature child there is coordination between bladder and 
the sphincter, so that the sphincter relaxes before the onset of bladder contraction; the EMG becomes quiet. In the 
mature child and adult there also exists the ability to interrupt voiding volitionally. When this occurs, note that 
the sphincter activity precedes the cessation of bladder contractions and, when voiding is restarted, relaxation of the 
sphincter occurs before voiding is resumed. In contrast, in dyssynergia, the detrusor and sphincter contract out of 


sequence, thereby working against each other. 


Voiding or micturition reflex 


The switch from storage to voiding phase can occur 
voluntarily or reflexively. Infants and patients with 
neuropathic bladder demonstrate the former, when 
the volume of urine exceeds the threshold volume 
beyond which micturition occurs (see Figure 52.3 
and 52.4). At that point, increased afferent firing 


from the tension receptors in the bladder leads to a 
shift in the efferent activity. Sympathetic and somatic 
pathways are inhibited; sacral parasympathetic activ- 
ity increases. There is an initial relaxation of the ure- 
thral sphincter, followed within a few seconds by the 
contraction of the bladder, an increase in bladder 
pressure, and a flow of urine. Relaxation of the ure- 
thral smooth muscle during micturition is mediated 
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by a parasympathetic stimulation to the urethra that 
triggers the release of NO, which acts as an inhibitory 
transmitter, and by removal of excitatory inputs to the 
urethra. The parasympathetic outflow to the detrusor 
and urethra has a more complicated central organiza- 
tion that involves spinal and spinobulbospinal path- 
ways passing through the pontine micturition center 
(PMC). When this coordination is disrupted by injury 
or disease, simultaneous contraction of the bladder 
and rhabdosphincter can occur, leading clinically to 
DSD (see Figure 52.4).*8 

Voiding is mediated by activation of the sacral 
parasympathetic efferent pathway to the bladder and 
the urethra, along with reciprocal inhibition of the 
somatic pathway to the urinary sphincter. Cat studies 
reveal that the neurons in the brainstem have an 
essential role in the control of the parasympathetic 
component of voiding. Removal of the areas of the 
brain above the pons usually facilitates voiding by 
removing inhibitory inputs from higher centers. 
Transection at any point below abolishes micturition. 
The region thereby isolated is located in the pontine 
region and is termed the pontine micturition center. 
Physiologic and anatomic experiments show that the 
PMC is the key switch in the voiding pathway. Chem- 
ical and electrical stimulation of the PMC in cats and 
dogs causes suppression of the urethral sphincter 
EMG activity, firing of the sacral preganglionic neu- 
rons, bladder contractions, and release of urine. These 
regions have a regulatory role, as shown by injections 
of inhibitory transmitter, GABA, into the PMC of 
cats, which can increase the volume threshold for 
inducing micturition and, in high-enough doses, 
completely block reflex voiding. In contrast, adminis- 
tration of a GABA inhibitor, such as bicuculline, can 
lower micturition volume threshold. Injuries above 
the lumbosacral area but beneath the PMC lead ini- 
tially to an areflexic bladder and complete retention 
(similar to the spinal shock seen in human spinal cord 
injury patients) and later with automatic micturition 
but with bladder hyperactivity and DSD.9?#? 

The voiding reflex analogy to the guarding reflex is 
the urethra-to-bladder reflex. Barrington first noted 
that flow of urine or mechanical stimulation of the 
urethra with a catheter would excite afferent nerves, 
which can lead to bladder contractions in anesthetized 
cats.°%51 It was thought that the urethral-to-bladder 
reflex helps to promote emptying. Two pathways 
have been identified: one pathway is activated by 
somatic afferents in the pudendal nerve and needs 
facilitation from the PMC; the other pathway uses 
afferents in the pelvic nerves to facilitate other spinal 


reflex mechanisms. Desensitizing the urethral affer- 
ents by capsaicin decreases this reflex. This pathway 
may explain why stress and urge incontinence can 
occur together. The leakage of urine into the urethra 
triggers the reflex, leading to urgency. Similarly, cor- 
rection of stress incontinence seems to paradoxically 
improve detrusor instability.4952 


Spinal and supraspinal pathways 


In the spinal cord, afferent pathways terminate and 
connect with second-order interneurons that relay 
information to the brain and to other regions of the 
spinal cord, including the preganglionic and motor 
nuclei at other levels. These are polysynaptic processes 
and interlink the various bladder, urethral, and 
sphincter reflexes. These interneuronal mechanisms 
play an important role in modulating lower urinary 
tract function.®°? The lower tract interneurons also 
receive afferent inputs from the bladder. Glutamic 
acid is the excitatory transmitter of these pathways.°? 
About 15% of interneurons located medial to the 
sacral parasympathetic nuclei have inhibitory connec- 
tions to the parasympathetic preganglionic nuclei 
(PGN). These inhibitory neurons use GABA and 
glycine.®? Reflex pathways, which control the external 
sphincter muscles, also use glutamic excitatory and 
GABA or glycine inhibitory interneurons. Afferents 
from the cutaneous and striated muscle sources mod- 
ulate the micturition reflex at the spinal cord level. 
Stimulation of afferent fibers inhibits the firing of 
sacral interneurons evoked by bladder distention that 
occurs as a result of presynaptic inhibition of primary 
afferents or due to direct postsynaptic inhibition of 
second-order neurons. Direct postsynaptic inhibition 
of bladder PGN occurs by somatic afferent stimula- 
tion in the pudendal nerves. Suppression of bladder 
hyperactivity in patients with sacral root stimulation 
reflects in part activation of the afferent limb of these 
inhibitory reflexes. Urologists have used this mecha- 
nism to artificially modulate bladder behavior by 
sacral nerve stimulation.°+ 

Control of the bladder function starts in the higher 
cortical centers through the brainstem pons regions in 
the PMC. These impulses are mediated through the 
spinal cord nuclei to the efferent and afferent periph- 
eral pathways. The micturition reflex is normally con- 
trolled and mediated by the pathway linking the brain 
with the reflexes described above. This pathway is 
termed the spinobulbospinal reflex pathway. Animal 
brain lesion studies show that the neurons in the 
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brainstem at the level of the inferior colliculus have an 
essential role in the control of the parasympathetic 
component of micturition.’ Decerebration above the 
colliculus facilitates micturition by eliminating 
inhibitory inputs from more cephalad centers. Tran- 
sections below the colliculi abolish micturition. The 
essential control center thus isolated was found in the 
dorsal pontine tegmentum. First described in 1921, 
this center is commonly referred to as the pontine 
micturition center or medial location.” The medial 
and lateral region of the pons is responsible for the 
micturition reflex. The medial region controls detru- 
sor contraction via the reticulospinal tracts, which 
synapse with the preganglionic parasympathetic neu- 
rons in the sacral micturition center. Electrical stimu- 
lation of the medial region causes relaxation and 
opening of the urethral sphincter, followed within 
milliseconds by a contraction of the detrusor mus- 
cles.56 The lateral regions of the PMC are connected 
via the corticospinal tracts to Onufs nucleus. Electri- 
cal stimulation of this area leads to contraction of the 
rhabdosphincter. Voluntary control is via a link with 
the frontal cortex.°”°8 Neurons from the PMC pro- 
ject to the periaqueductal gray matter, thalamic 
nuclei, and limbic system. Neurons from the PMC 
communicate with supraspinal neuronal clusters that 
coordinate micturition with other functions. The 
location is of note because of two interesting neural 
topographic findings. First, the facial nerve nucleus is 
very near the PMC. Patients with Ochoa’s syndrome 
(urofacial syndrome) exhibit a combination of void- 
ing dysfunction and a characteristic inversion of facial 
expression. Researchers have failed to show an obvi- 
ous structural lesion on imaging studies, but specula- 
tion suggests that there could be subtle synaptic or 
interneuron abnormalities.*? Secondly, the nucleus 
locus ceruleus within the brainstem is a close neigh- 
bor of the PMC. The locus ceruleus in animals is acti- 
vated by colonic stimulation. The PMC has been 
shown to affect the afferent signals from the pelvic 
viscera that reach the locus ceruleus. This has led to 
speculation that there may be bilateral interaction. 
Clinically, constipation and bowel dysfunction are 
associated with bladder dysfunction. A local phenom- 
enon such as rectal distention impinging on the 
trigone or the pelvic nerves may be responsible. How- 
ever, this concept fails to explain why women seem to 
be equally affected yet have the uterus and vagina 
‘shielding’ the bladder from the rectum. Perhaps the 
problem is at the central level and results from inter- 
action between the PMC and the locus ceruleus.©-6! 
The PMC has important direct synaptic inputs to 


the sacral PGN and to the GABAnergic neurons. The 
former carry excitatory outflow to the detrusor, 
whereas the latter act as an inhibitor on rhab- 
dosphincter motor neurons. These reciprocal connec- 
tions results in promoting bladder urethral sphincter 
synergy. Studies in rats indicate that inotropic gluta- 
mate receptor antagonists block activation of bladder 
PGN from the PMC, suggesting that neurons in the 
PMC utilize glutamate as a neurotransmitter.4862~4 


Central cerebral pathways 


Voluntary control of voiding is dependent on the 
connections between the frontal cortex and the 
septal/preoptic region of the hypothalamus as well as 
connections between the paracentral lobule and the 
brainstem.*? Lesions to those areas of cortex appear 
to directly increase bladder activity by removing cor- 
tical inhibitory control. Brain imaging by positron 
emission tomography (PET) has implicated the 
frontal cortex and anterior cingulated gyrus in the 
control of micturition and that it is predominantly a 
right-sided function.®-® Since sacral parasympathetic 
pathways to the bladder form a predominantly posi- 
tive feedback system, further inhibitory modulation is 
required to store urine and prevent early voiding. 
Higher centers such as the cerebral cortex, cerebel- 
lum, basal ganglia, thalamus, and hypothalamus thus 
play an inhibitory role, modulating the activity of the 
PMC.°7 

Studies in humans indicate that voluntary control 
of micturition is dependent on connections between 
the frontal cortex and septal preoptic region of the 
hypothalamus, and the paracentral lobule, brainstem, 
and spinal cord. Lesions in these areas as a result of 
trauma, tumors, or cerebrovascular disease appear to 
indirectly increase bladder activity by removing cor- 
tical inhibitory control. In cats, removal of the cortex 
lowers the functional bladder capacity. If the rest of 
the neuraxis is intact, removal of the cerebrum lowers 
the inhibitory input from the cortex. The hypothala- 
mus plays a role in activating the sacral parasympa- 
thetic excitatory pathways, thereby inducing bladder 
contraction and voiding. It is thought to act through 
direct inputs to the PMC and sacral micturition 
center or indirectly. This is not a unidirectional 
process. The hypothalamus receives modulating 
afferent inputs from the bladder. The gene c-fos has 
been identified as a marker for subsets of second- 
order neurons. Expression of the c-fos gene is 


increased in these neurons. 
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Plasticity, maturation, and 
re-emergence 


The neonatal bladder is not an effective storage organ. 
At birth, there is little cerebral input and the bladder 
reflexively empties. In modern urodynamic parlance, 
a newborn through infancy and early toddler years 
has bladder instability. This is also seen in neonatal 
animals, whose bladders show early spontaneous 
repetitive contractions. These early pathways become 
incorporated into more mature pathways by active 
inhibition from increasing cerebral maturation. Inhi- 
bition rather than cessation of these infantile reflexes 
is the important observation. Much as a layer of inhi- 
bition from the cerebrum modulates the spinal 
reflexes, a layer of inhibitory control is overlaid atop 
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the neonatal reflexes. In newborn kittens and rats, a 
primitive reflex, the exteroceptive perineal-to-bladder 
reflex, is the principal voiding reflex until the mature 
spinobulbar or PMC-based reflex begins functioning 
at several weeks of life”? During the subsequent 
weeks, the adult-type voiding mediated by the mic- 
turition center and = spinobulbospinal pathway 
becomes active and the perineal-bladder reflex 
becomes progressively weaker and ultimately van- 
ishes. Studies using pseudorabies virus tracing, cellu- 
lar labeling, and CNS transection preparations in 
animals demonstrate that there is prominent reorga- 
nization of synaptic connections in the bladder reflex 
pathways.7! At this time, the bulbospinal pathways 
that connect to the PMC are fewer and weaker. But as 
the neonate matures, there is pruning of the interneu- 
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Figure 52.5 Schematic diagram shows possible anatomic changes at the synapses of the preganglionic nuclei in the 
sacral spinal cord of neonatal mammals (rats and kittens) and presumably humans as well, that explain the changes 
which occur during the first few weeks of life. Early in life, the interneurons bring greater active input (@) from the 
perineal afferents; but with maturation, these connections become pruned and become down-regulated (0). Input 


from the bulbospinal pathways then predominates. 


Neurologic control of storage and voiding 777 


ron to preganglionic synapses from the afferents and 
increased synapses from the bulbospinal pathways7!,72 
(Figure 52.5). 

Interestingly, the higher pathways seem to be pre- 
sent and organized but inactive at birth. In animal 
studies, decerebration unmasks reflex bladder activity 
that responds to bladder distention, and is mediated 
by a supraspinal pathway. This indicates that 
supraspinal bladder-to-bladder reflexes are organized 
early after birth but are suppressed by inhibitory 
mechanisms within the brain. Postnatal development 
is associated with a marked reorganization of the cir- 
cuitry of the CNS affecting micturition. 

The mechanism underlying the developmental sup- 
pression of the perineal-to-bladder reflex and the later 
re-emergence after spinal cord injury appears to be 
similar to the maturation process. Down-regulation 
occurs in the interneuronal to preganglionic neuron 
excitatory synapses, possibly by synapse elimination 
as a result of competition for synaptic space between 
the boutons of the interneurons and the descending 
axons. Injury that causes degeneration of the descend- 
ing axons, such as transection of the spinal cord, 
blocks this reorganization and maintains the primitive 
neonatal reflex. A similar degeneration of the 
descending axons in mature animals could stimulate 
axonal sprouting in interneuronal pathways and cause 
re-emergence of the neonatal perineal-to-bladder 
reflex. Although the exact details are not known, it is 
certain that remodeling of the interneuron to pregan- 
glionic synapses in the sacral parasympathetic nuclei 
has a prominent role. This synaptic plasticity and re- 
arrangement leads to the down-regulation of primi- 
tive spinal reflexes and the appearance of mature 
supraspinal control of voiding.” 

Plasticity is therefore not a one-way process. Where 
inhibitory controls can be overlaid, they can also be 
removed. Disease processes can decrease or eliminate 
inhibitory influences, thereby unmasking the primi- 
tive neonatal reflexes. The urologic sequelae of injury 
and disease, therefore, may not be a ‘new’ change as 
much as an old reflex pathway that has re-emerged. 
The classic example is the chilled water bladder test. 
Infants will develop involuntary bladder contractions 
when saline cooled to 4°C is instilled rapidly into the 
bladder. Mature children and adults can sense the cold 
but are able to maintain control. Patients with neuro- 
pathic bladders are not able to do so. The cold recep- 
tors are mediated by C fibers, and the chilled fluid 
response reflects unmasking of the neuropathology. It 
is positive until about age 4.7374 Further studies have 
shown that unmasking of reflexes can lead to struc- 


tural changes that are not limited to the CNS and can 
occur in the periphery as well. In chronic spinal cord 
transected cats, the afferent limb of the micturition 
reflex consists primarily of C-fiber afferents, whereas 
in intact cats the pathways are myelinated A6 affer- 
ents.”° 

In the human fetus before maturation of the ner- 
vous system, urine is presumably eliminated by non- 
neural mechanisms. Later, primitive reflex pathways 
organized in the spinal cord regulate voiding. As the 
CNS matures, this reflex voiding is eventually 
brought under voluntary control that originates in the 
higher centers of the brain. Like the animal models, a 
hierarchical control system overlays the more primi- 
tive components that are intrinsic to the target organs 
and spinal cord as well as more complex components 
of the cerebral cortex. In adults, injuries and diseases 
of the CNS can lead to the re-emergence of primitive 
functions that were suppressed during maturation.”© 

How do these observations correlate with the 
development of micturition control in humans? It 
appears that the process in humans does not occur 
suddenly. The process of maturation is not a simple 
switch from a primitive voiding reflex to the mature 
model, but rather a gradual transition. Several obser- 
vations support this viewpoint. First, small infants 
wake up to void when asleep.” By age 6 months, 
90% of infants show signs of waking or arousal with 
voiding.78 Another observation is that if an infant is 
disturbed while voiding, micturition halts or 
becomes interrupted. Longitudinal studies show 
increasing percentages of infants who arouse when 
voiding at night. This correlates with the degree of 
activation of cortical areas of the voiding reflex and 
the degree of maturation.’”"”8 The infant may also 
have variable bladder volumes, which puts doubt that 
threshold volume alone triggers voiding.’””~-”? Inter- 
rupted voiding has been noted. This is defined as 
being two voids within 10 minutes: seen in two- 
thirds of preterm and only one-third of full-term 
infants, it decreases over the first year and is not seen 
at all in the fully toilet-trained child. This may be due 
to a form of DSD. Studies suggest that this dyssyn- 
ergia may be a normal part of development.®?®! 
There seem to be more interrupted voids in patients 
with posterior urethral valves (PUV) and high-grade 
vesicoureteral reflux (VUR). Whether there is a more 
severe form of dyssynergia than the normal physio- 
logic form or an increase in hyperactivity of the 
neonatal detrusor is unclear. It is also unknown if this 
observation has any relationship to bladder problems 
that can be associated with these conditions later in 
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life (e.g. detrusor instability with VUR, myogenic 
detrusor failure with PUV).8182 Increasing bladder 
capacity with age has been observed, and leads to 
speculation that the stimulus for increasing bladder 
capacity is when the child begins to hold more urine 
at night, contrary to the conventional notion that 
daytime continence is a prerequisite for night-time 
dryness.7%8° Finally, during the first few months, 
increased hyperactivity on cystometry may be pre- 
sent, and may be a response to filling that is faster 
than normal and/or stimulus by the catheter. This 
fades as the neonate matures.*! Increased reactivity 
of the detrusor may be responsible also for high void- 
ing pressures. Voiding pressures of up to 
100 cm H,O have been measured in infants, which 
decreases by age 3 years, down to 70 cm H,O, and 
continue to drop thereafter. 

These observations together suggest that the first 
few years of life mark an important transition period 
for infants and toddlers as they begin to shift over 
from a more primitive to a more mature micturition 
process. This transition seems to progress through a 
period where neither reflex pathway is clearly pre- 
eminent; hence, the higher voiding pressure, hyperac- 
tive detrusor, and the period of physiologically 
normal DSD. Therefore, the transition in infants is 
not as abrupt and rapid as seen in animals, which 
accomplish this change over weeks rather than 
months. These findings, and the earlier observation of 
the plastic nature of the micturition pathways and the 
re-emergence of primitive pathways, suggest that per- 
haps voiding dysfunction seen in childhood may have 
its roots in an incomplete transition to a more mature 
micturition pathway or the re-emergence of the more 
primitive pathway. 
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Introduction 


Neurologic lesions that affect lower urinary tract 
function cause at least 25% of the more severe clinical 
problems in pediatric urology. The advent of clean 
intermittent catheterization (CIC), introduced in the 
early 1970s by Lapides,! and the refinements in the 
techniques of urodynamic studies in children,?~+ dra- 
matically changed the way these children were man- 
aged.> As a result, a greater understanding of the 
pathophysiology of the many diseases that primarily 
affect children coupled with improved functional 
assessment of the lower urinary tract has changed the 
thinking regarding treatment options.67 Once it was 
realized that urodynamic studies could define children 
at risk for urinary tract deterioration, early aggressive 
and even proactive therapy became the mainstay of 
management. Urodynamic testing is discussed in 


Chapter 51. 


Assessment 


Initially, all children with overt or suspected neuro- 
pathic bladder dysfunction should undergo a thor- 


ough evaluation: 


1 History: 
E prenatal health 
E birth and development 
E perinatal complications 
E bowel and bladder habits 
E pattern of incontinence 
E bowel emptying regimen: 
frequency, soiling. 
2 Physical examination: 
E spine 
E lower extremities 
reflexes 


muscle mass and strength 
sensation 

gait 

perineal sensation/tone/reflexes 

E central nervous system 

handedness 
fine/gross motor coordination. 
3 Laboratory: 

E urine analysis/culture 

E urine specific gravity 

E serum creatinine level. 

4 Radiography: 

E renal and bladder sonography 

E voiding cystourethrography (VCUG) 

E spine radiograph — ultrasound <3 months of 
age; magnetic resonance imaging (MRI) >3 
months. 

5 Urodynamics: 

E flow rate 

E residual urine (via ultrasound or catheteriza- 
tion) 

E cystometrogram 

E external urethral sphincter electromyography 
(EMG) 

E static/filling/voiding urethral pressure profile. 


Of paramount importance in the work-up of children 
with neuropathic bladder dysfunction are the history 
and physical examination. The child’s voiding habits 
prior to any injury and the current pattern of bladder 
emptying should be delineated. It is imperative to 
note whether the child voids voluntarily, sponta- 
neously, or only with a Credé maneuver. Does the 
child have periods of dryness between voiding, or is 
there constant urinary leakage? Is the incontinence 
characterized by urgency and an inability to reach the 
toilet on time? Does the urine flow with a steady or 
intermittent stream or only dribble out during emp- 
tying? Does leakage occur with crying or laughing? 
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Has the child had a urinary infection? How much 
urine is produced each day? What is the pattern of 
bowel emptying? Is there small- or large-volume fecal 
soiling? 

A careful assessment is made of perianal and per- 
ineal sensation, anal sphincter tone, and the presence 
of bulbocavernosus and anocutaneous reflexes. Plac- 
ing one’s finger just at or slightly inside the external 
anal sphincter and briskly squeezing the glans penis or 
compressing the clitoris elicits the bulbocavernosus 
reflex. If the reflex is present, the external anal sphinc- 
ter should contract. The anocutaneous reflex is 
elicited by scratching the pigmented skin directly 
adjacent to the anal opening, which results in a con- 
traction of the perianal muscle. In children with sus- 
pected neuropathic bladder dysfunction, complete 
evaluation of the back, including looking for agenesis 
of the sacrum, abnormalities of the gluteal cleft, or a 
cutaneous manifestation of an underlying occult 
spinal dysraphism, is an important diagnostic aid.8-!° 
Examination of the lower extremities, comparing 
muscle mass and strength of each leg, eliciting deep 
tendon reflexes, pinpointing sensory losses, and 
observing the gait, may provide clues to the presence 
of an occult spinal dysraphism affecting not only the 
sacral but also the lumbar cord. Left-handedness in a 
family in which all members are right-handed, learn- 
ing disabilities at school, poor fine and/or gross motor 
coordination, and attention deficit disorders all sug- 
gest the possibility of a central nervous system (CNS) 
disorder that might adversely affect lower urinary 
tract function. 


Classification of neuropathic bladder 


The classification of neuropathic bladder dysfunction 
used in this chapter is that which has been adopted by 
the Urology Section of the American Academy of 
Pediatrics (AAP) in conjunction with the Urody- 
namic Society’s classification, the International Conti- 
nence Society (ICS),!1-!?* and, most recently, with 
the International Children’s Continence Society 
(ICCS). 12? 

Under normal conditions, all portions of the lower 
urinary tract (detrusor, bladder neck, and external 
sphincter mechanism) function as a coordinated unit 
for adequate storage and efficient evacuation of urine. 
When a neurourologic lesion exists, these components 
usually fail to act in unison. A classification has been 
adopted based on dysfunction of a specific area of the 
vesicourethral unit rather than on a specific etiology: 


1 Storage: 
(a) detrusor tone 
E normal 
E increased 
non-elastic 
overactive 
hyperreflexic 
decreased 
(b) urethral closing mechanism 
E incompetent 
bladder neck 
external sphincter 
non-reciprocal 
periodic hypoactivity. 
2 Evacuation: 
(a) detrusor contraction 
® normoactive 
E underactive 
areflexic (non-reactive) 
hypoactive (unsustained) 
(b) urethral closing mechanism 
E non-synchronous 
bladder neck 


external sphincter. 


Improper storage may be related to an alteration in 
detrusor function or an inadequate urethral closure 
mechanism. The bladder may have increased tone sec- 
ondary to loss of elasticity of the muscle, overactivity 
from excessive or unopposed sympathetic discharges, 
or hyperreflexia due to a CNS lesion above the sacral 
cord, the brainstem, or cerebral cortex that prevents the 
normal inhibitory centers from influencing the sacral 
reflex arc. Incontinence may occur with any one of 
these conditions despite a normal level of resistance in 
the bladder neck and urethra. Alternatively, inconti- 
nence may occur when the bladder neck and external 
sphincter areas do not provide adequate resistance 
during filling of the bladder or do not generate a recip- 
rocal increase in outflow resistance as the bladder fills 
or abdominal pressure is raised. An injury to the spinal 
cord or nerve roots affecting the sympathetic, parasym- 
pathetic, or sacral somatic nervous system may alter 
both bladder neck and urethral sphincter tone. Periodic 
relaxation of the external urethral sphincter during fill- 
ing of the bladder, the result of loss of CNS inhibition, 
may also lead to urinary incontinence. 

Incomplete evacuation of the bladder may be due 
to a hypoactive or an areflexic detrusor muscle. A 
CNS lesion affecting the parasympathetic efferents 
may be responsible. However, non-synchronous 
relaxation of the bladder neck or external urethral 


Neurogenic voiding dysfunction and non-surgical management 783 


Bladder 


Voiding 


——__S 


100 


40 80 ml 
| 


Bladder Leak 


; 
30 60 ml 


_—— 


100 Rectal 

Q 
T 50 
£ 
oO 

0 

Sphincter EMG Sphincter EMG 
(a) Dyssynergy (b) 


100 Bladder Voiding 


=, 


10 20 ml 15 
Rectal Rectal 

o 100 
N 
E 

£ 50 

0 

Sphincter EMG Sphincter EMG 
(c) Synergy (a) 


sphincter area mechanisms (dyssynergia) (Figure 
53.1) resulting from a lesion in the CNS above the 
sacral cord, for example the pontine center or the 
cerebral cortex, can produce a similar effect. Myo- 
genic failure occurs as the detrusor muscle hypertro- 
phies and then decompensates owing to persistent 
bladder outflow resistance. Eventually, this mecha- 
nism may produce an overflow type of incontinence. 

In general, medical management of neuropathic 
bladder dysfunction is based on the functional impair- 
ment produced by the specific neurourologic defect 
(Table 53.1). Lowering detrusor tone or abolishing 
uninhibited contractions with anticholinergic medica- 
tions such as oxybutynin, tolterodine, trospium, gly- 
copyrrolate, hyoscyamine, or propantheline, may 
enhance inadequate storage capacity. These drugs 
block cholinergic receptor sites in the detrusor 
muscle, diminishing its tone and suppressing involun- 


Dyssynergy 


Absent activity 


Bladder teak 
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30 ml 


Figure 53.1 (a-d) Various patterns of uro- 
dynamic findings in newborns with 
myelodysplasia. Note that a hypertonic 
detrusor with a non-relaxing sphincter (b) 
is also labeled dyssynergy. (From Bauer.13) 


tary contractions of the bladder. Other drugs, for 
example flavoxate, act directly on the smooth muscle 
cells and lower detrusor tone without affecting con- 
tractility. Failure of drug therapy to increase bladder 
capacity and lower detrusor tone results in the need 
for augmentation cystoplasty to enhance bladder stor- 
age capability. This procedure is appropriate as long 
as bladder outflow resistance is normal or increased. 

If inadequate urethral resistance is the primary 
reason for impaired storage of urine, the bladder neck 
mechanism or the external sphincter area, or both, 
may be responsible. o-Sympathomimetic agents such 
as ephedrine sulfate, pseudoephedrine, and phenyl- 
propanolamine stimulate œ} receptors concentrated in 
the bladder neck area to enhance the tone of the mus- 
cles in this region. No drugs are commercially avail- 
able that will increase the tone of denervated skeletal 
muscle in the external sphincter region. 
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Table 53.1 Drug therapy in neuropathic bladder dysfunction 


Type Minimum dosage Maximum dosage 
Cholinergic 

Bethanechol (Urecholine) 0.7 mg/kg t.i.d. 0.8 mg/kg q.i.d. 
Anticholinergic 

Propantheline (Pro-Banthine) 0.5 mg/kg b.i.d. 0.5 mg/kg q.i.d. 
Oxybutynin (Ditropan) 0.2 mg/kg b.i.d. 0.2 mg/kg q.i.d. 
Glycopyrrolate (Robinul) 0.01 mg/kg b.i.d. 0.03 mg/kg t.i.d. 
Hyoscyamine (Levsin) 0.03 mg/kg b.i.d. 0.1 mg/kg q.i.d. 
Tolterodine (Detrol) 0.01 mg/kg b.i.d. 0.04 mg/kg b.i.d. 
Trospium (Sanctura) 0.1 mg/kg b.i.d. 0.3 mg/kg b.i.d. 
Sympathomimetic 

Phenylpropanolamine (alpha) (Ornade) 2.5 mg/kg t.i.d. 2.5 mg/kg b.i.d. 
Ephedrine (alpha) (Ephedrine) 0.5 mg/kg b.i.d. 1.0 mg/kg t.i.d. 
Pseudoephedrine (alpha) (Sudafed) 0.4 mg/kg b.i.d. 0.9 mg/kg t.i.d. 
Sympatholytic 

Prazosin (alpha) (Minipress) 0.05 mg/kg b.i.d. 0.1 mg/kg t.i.d. 
Phenoxybenzamine (alpha) 0.3 mg/kg b.i.d. 0.5 mg/kg t.i.d. 
Propranolol (beta) 0.25 mg/kg b.i.d. 0.5 mg/kg b.i.d. 


Doxazosin (alpha) (Cardura) 
Smooth muscle relaxant 


0.01 mg/kg q.d. 


0.02 mg/kg q.d. 


Flavoxate (Urispas) 3.0 mg/kg b.i.d. 3.0 mg/kg t.i.d. 
Dicyclomine (Bentyl) 0.1 mg/kg t.i.d. 0.3 mg/kg t.i.d. 
Other 
Imipramine (Tofranil) 0.7 mg/kg b.i.d. 1.2 mg/kg t.i.d. 
Incomplete emptying of the bladder may also be (ii) acquired 

due to an areflexic bladder, unsustained detrusor con- E trauma 

tractions, or uncoordinated activity at the bladder E tumor 

neck or external sphincter area. o-Sympatholytic E infection 

agents or skeletal muscle relaxants may facilitate emp- E vascular 

tying. Although conflicting reports have been pub- E miscellaneous 


lished regarding the efficacy of bethanechol, it does 


seem to improve emptying of the bladder in most 


(b) supraspinal cord 


E anatomic/congenital 


instances. It should be administered with o-sympa- E trauma 
tholytic agents because bethanechol also increases E tumor 
urethral resistance at the bladder neck. o-Sympa- E infection 
tholytic agents such as phenoxybenzamine or prazosin E vascular 
act primarily in the bladder neck area, whereas E degenerative 
diazepam and baclofen diminish skeletal muscle tone E miscellaneous 
at the external sphincter region to lower outlet resis- E temporary 
tance to voiding. (c) peripheral 
Most neurologic conditions affecting vesicourethral E trauma 
function in children, including myelomeningocele, E tumor 
lipomeningocele, sacral agenesis, and occult lesions, E degenerative 


are called congenital neurospinal dysraphisms: E Guillain-Barré syndrome. 


2 Non-neuropathic: 


1 Neuropathic: E anatomic 
(a) spinal cord E myopathic 
(i) congenital E psychological 


E neurospinal dysraphism E endocrinologic 
® other anatomic E toxic. 
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Occasionally, bladder dysfunction is seen in con- 
junction with other neurologic lesions. Cerebral palsy 
is an acquired non-progressive form of dysfunction as 
a result of a CNS insult occurring in the perinatal 
period as a consequence of cerebral anoxia from a 
variety of conditions. 

Children without obvious neurologic disease may 
have a voiding abnormality on a functional or matu- 
rational basis. Most children gain urinary control 
before the age of 5 years. Persistent day and night 
incontinence without a prolonged period of dryness 
or the recurrence of nocturnal wetting lasting into 
puberty are indications for urodynamic evaluation in 
neurologically normal children. Although an over- 
whelming number have normal findings, a significant 
percentage may have a dysfunctional voiding state. 
The types of abnormality are discussed separately 
along with individual approaches to therapy. 


Neurospinal dysraphisms 


Myelodysplasia 


The most common etiology of neuropathic bladder 
dysfunction in children is abnormal spinal column 
development. Formation of the spinal cord and verte- 
brae begins around the 18th day of gestation. The 
canal closes in a caudal direction from the cervical 
region, and is complete by 35 days. Although the 
exact mechanism causing a dysraphic state is 
unknown at present, numerous factors, including 
genetic influences,!+!5 have been implicated. The 
incidence has been reported to be 1 in 1000 births in 
the United States,!° but there has been a definite 
decrease in this occurrence.!7 Two explanations are 
possible for this phenomenon: first, with the advent 
of prenatal screening, many families are electing to 


Table 53.2 Familial risk of myelodysplasia in the 
United States per 1000 live births 


Relationship Incidence 
General population 0.7-1.0 
Mother with one affected child 30-50 


Mother with two affected children 100 


Patient with myelodysplasia 40 
Mother older than 35 years 30 
Sister of mother with affected child 10 
Sister of father with affected child 3 
Nephew who is affected 2 


Adapted from Kroovand et al.?3 


terminate their pregnancies when they have affected 
fetuses; 18 secondly, the addition of folic acid supple- 
ments to the diet of women of childbearing age has 
reduced the incidence of spina bifida by more than 
50%.1929 In some cases, despite increased folic acid 
intake, women may still have a fetus with spina bifida 
owing to antibodies that develop to folate, which 
negates its salutatory effect.” If spina bifida is already 
present in one member of a family, there is a 2-5% 
chance of a second sibling being born with the same 
condition.22 The incidence doubles when more than 
one family member has a neurospinal dysraphism 


(Table 53.2). 


Pathogenesis 


Myelodysplasia is an all-inclusive term used to 
describe the various abnormal conditions of the ver- 
tebral column that affect spinal cord function. More 
specific labels regarding each abnormality include the 
following: 


E a meningocele occurs when just the meninges 
extend beyond the confines of the vertebral canal 
without any neural elements contained inside it 

E a myelomeningocele implies that neural tissue, 
either nerve roots and/or portions of the spinal 
cord, have evaginated with the meningocele 

H a lipomyelomeningocele denotes that fatty tissue 
has developed with the cord structures and both 
are protruding into the sac. 


Myelomeningocele accounts for >90% of all the 
open spinal dysraphic states.24 Most spinal defects 
occur at the level of the lumbar vertebrae, with the 
sacral, thoracic, and cervical areas being affected in 
decreasing order of frequency (Table 53.3).?5 An over- 
whelming number of meningoceles are directed poste- 
riorly, but on rare occasions, the meningocele may 
protrude anteriorly, particularly in the sacral area. 
Usually the meningocele is made up of a flimsy cover- 
ing or transparent membrane, but it may be open and 
leaking cerebrospinal fluid (CSF). For this reason, 


Table 53.3 Spinal level of myelomeningocele 


Location Incidence (%) 
Cervical-high thoracic 2 
Low thoracic 5 
Lumbar 26 
Lumbosacral 47 
Sacral 20 


Adapted from Kroovand et al.23 
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urgent repair after birth is necessary, with sterile pre- 
cautions being followed in the interval to closure. In 
85% of affected children an associated Arnold—Chiari 
malformation is present; in such cases the cerebellar 
tonsils have herniated down through the foramen 
magnum, obstructing the fourth ventricle, and thus 
preventing the CSF from entering the subarachnoid 
space surrounding the brain and spinal cord. 

The neurologic lesion produced by this condition 
can be quite variable. It depends on what neural ele- 
ments, if any, have protruded with the meningocele 
sac. The bony vertebral level often gives little or no 
clue as to the exact neurologic level or deficits that are 
produced. The height of the bony level and the high- 
est extent of the neurologic lesion may vary from one 
to three vertebrae in one direction or another.?> There 
may be differences in function from one side of the 
body to the other at the same neurologic level, and 
from one neurologic level to the next, as a result of 
asymmetry of affected neural elements. In addition, 
20% of affected children have a vertebral bony or 
intraspinal abnormality occurring more cephalad 
from the vertebral defect and meningocele, which can 
affect functional changes in those portions of the 
cord. Children with thoracic and upper lumbar 
meningoceles often have complete reconstitution of 
their spine in the sacral area and these individuals will 
frequently have intact sacral reflex arc function involv- 
ing the sacral spinal roots. In fact, it is more likely for 
children with upper thoracic or cervical lesions to 
have just a meningocele and no myelocele, with no 
demonstrable loss of function. Finally, the differential 
growth rates between the vertebral bodies and the 
elongating spinal cord add a factor of dynamicism in 
the developing fetus that further complicates the pic- 
ture.26 Superimposed on all this is the Arnold—Chiari 
malformation, which may have profound effects on 
the brainstem and pontine center areas involved in the 
control over lower urinary tract function. 

Thus, the neurologic lesion produced by this con- 
dition influences lower urinary tract function in a vari- 
ety of ways and cannot be predicted just by looking at 
the spinal abnormality or the neurologic function of 
the lower extremities. This wide spectrum of dysfunc- 
tion is evident when looking at babies with sacral level 
lesions.2” Even careful assessment of the sacral area 
may not provide sufficient information to make a con- 
crete inference. Therefore, urodynamic evaluation in 
the neonatal period is now performed at most pedi- 
atric centers in the United States and worldwide. This 
is because urodynamics not only provides a clear pic- 
ture of the function of the sacral spinal cord and lower 


urinary tract but also has predictive value regarding 
babies at risk for future urinary tract deterioration and 
progressive neurologic change.67-27-30 


Newborn assessment 


Ideally, it would be best to perform urodynamic test- 
ing immediately after the baby is born, but the risk of 
spinal infection and the urgency for closure has not 
made this a viable option at this time. In a 1990 
study, preoperative testing showed that fewer than 
5% of children experience a change in their neuro- 
logic status as a result of the spinal canal closure.*! 
Therefore, renal ultrasonography and a measurement 
of residual urine are performed as early as possible 
after birth, either before or immediately after the 
spinal defect is closed, with urodynamic studies 
delayed until it is safe to transport children to the uro- 
dynamic suite and place them on on their backs or 
sides for the test. For infants who cannot empty their 
bladder following a spontaneous void, intermittent 
catheterization is begun, even before urodynamic 
studies are conducted. The normal bladder capacity in 
the newborn period is between 10 and 15 ml; thus, 
an acceptable residue of urine is <5 ml. Other tests 
that should be performed in the neonatal period 
include a urine analysis and culture, and a determina- 
tion of the serum creatinine level.?2 

Once the spinal closure has healed sufficiently, renal 
scintigraphy is performed to assess upper urinary tract 
function and drainage. VCUG is conducted if there is 
any element of hydronephrosis and/or the urody- 
namic study demonstrates risk factors for upper uri- 


nary tract deterioration. Thus, urodynamic studies 
fulfill several objectives:®779,33 


E They provide baseline information about the radi- 
ologic appearance of the upper and lower urinary 
tract, as well as the condition of the sacral spinal 
cord and the CNS. 

E The studies can then be compared with later assess- 
ments, so that early signs of deteriorating urinary 
tract drainage and function, or of progressive neu- 
rologic denervation, can be detected. 

E They help to identify babies at risk for urinary tract 
deterioration as a result of detrusor hypertonicity 
or outflow obstruction from detrusor—sphincter 
dyssynergy, which then allows prophylactic mea- 
sures to be initiated before the changes actually 
take place. 

E They help the physician to counsel parents with 
regard to their child’s future bladder and sexual 
function. 
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Findings 


Ten to 15 percent of newborns have an abnormal 
radiographic appearance to their urinary tract when 
first evaluated;** 3% have hydroureteronephrosis sec- 
ondary to spinal shock, probably from the closure 
procedure,*> whereas 10% have abnormalities that 
developed in utero as a result of abnormal lower uri- 
nary tract function in the form of outlet obstruction. 

Urodynamic studies in the newborn period have 
shown that 57% of infants with myelomeningocele 
have bladder contractions. This is especially true in 
children with upper lumbar or thoracic lesions who 
have sparing of the sacral spinal cord, 83% of whom 
have detrusor contractions.*© Forty-three percent 
have an areflexic bladder, and compliance during 
bladder filling is either good (25%) or poor (18%) in 
this subgroup.” EMG assessment of the external ure- 
thral sphincter demonstrates an intact sacral reflex arc 
with no evidence of lower motor neuron denervation 
in 47% of newborns, whereas partial denervation is 
seen in 24% and complete loss of sacral cord function 
is noted in 29%.37 

Combining bladder contractility and external 
sphincter activity results in three categories of lower 
urinary tract dynamics: synergic; dyssynergic, with 
and without detrusor hypertonicity; and complete 
denervation (see Figure 53.1).7?? Synergy is charac- 
terized by complete silencing of the sphincter during 
a detrusor contraction or when capacity is reached at 
the end of filling. Voiding pressures are usually within 
the normal range. Dyssynergy occurs when the exter- 
nal sphincter fails to decrease, or actually increases its 
activity during a detrusor contraction or a sustained 
increase in intravesical pressure, as the bladder is filled 
to capacity.°8 Frequently, a poorly compliant bladder 
with high intravesical pressure is seen in conjunction 
with a dyssynergic sphincter, resulting in a bladder 
that empties only at high intravesical pressures.?8?? 
Complete denervation is noted when no bioelectric 
potentials are detectable in the region of the external 
sphincter at any time during the micturition cycle or 
in response to a Credé maneuver or sacral reflex stim- 
ulation. 

Categorizing lower urinary tract function in this 
way is extremely useful because it defines which chil- 
dren are at risk for urinary tract changes, who should 
be treated prophylactically, who needs close surveil- 
lance, and who can be followed at greater intervals 
without fear of deterioration. On initial assessment or 
subsequent studies, 71% of newborns with dyssyner- 
gic voiding had urinary tract deterioration within the 
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Figure 53.2 Urinary tract deterioration is related to out- 
flow obstruction and most often associated with 
dyssynergy. Children with synergy converted to 
dyssynergy and patients with complete bladder dener- 
vation developed fibrosis with a fixed high-outlet resis- 
tance in the external sphincter, before any changes 
occurred in the urinary tract. (From Bauer.13) 


first 3 years of life, whereas only 17% of synergic 
voiders and 23% with a completely denervated 
sphincter developed similar changes (Figure 53.2). 
The infants in the synergic group whose upper uri- 
nary tract deteriorated did so only after they con- 
verted to a dyssynergic pattern. Among the infants 
with complete denervation, the only babies who 
showed hydronephrosis were those who had elevated 
levels of urethral resistance, presumably due to fibro- 
sis of the skeletal muscle component of the external 
sphincter. Thus, it appears that outlet obstruction is a 
major contributor to the development of urinary tract 
deterioration in these children (Figure 53.3). Bladder 
tonicity plays an important but somewhat less critical 
role in this regard,° although detrusor compliance 
seems to be worse in children with high levels of 
outlet resistance.*? This combination of parameters 
(poor compliance and high outlet resistance) is very 
provocative for the development of hydrouretero- 
nephrosis,#04! whereas detrusor—sphincter dyssyner- 
gia is a significant factor in the onset of vesicoureteral 
reflux (VUR)* (see Figure 53.3). First Bloom and 
associates*® and then Park and associates** noted an 
improvement in compliance when outlet resistance 
was lowered following gentle urethral dilation in 
these children; however, the reasons for this are 
unclear and the long-term effect of this maneuver on 
ultimate continence and upper urinary tract function 
remains uncertain. Another form of therapy advo- 
cated for high-risk children has been botulinum A 
toxin injected into the detrusor muscle to paralyze 
bladder activity and improve compliance. Despite an 
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Figure 53.3 (a) Voiding cystourethrography in a newborn girl with dyssynergy and elevated voiding pressures 
demonstrated no reflux and a smooth-walled bladder. Her initial renal echogram was normal. She was started on 
clean intermittent catheterization and oxybutynin (Ditropan) but did not respond. Within 1 year, she had right 
hydronephrosis (b) and severe reflux on a radionuclide cytogram (c). 


early excellent response, the effects are short-lived and 
repeated injections are necessary.*° 


Recommendations 


Because expectant treatment has revealed that infants 
with outlet obstruction in the form of 
detrusor—-sphincter dyssynergy or denervation fibrosis 
are at considerable risk for urinary tract deterioration, 
the idea of prophylactically treating the children has 
emerged as an important alternative to expectant ther- 
apy. When CIC is begun in the newborn period, it 
becomes easy for parents to master, even in uncir- 
cumcised boys, and for children to accept as they 
grow older. Complications of meatitis, epididymi- 
tis, or urethral injury are rarely encountered, and 
symptomatic urinary infection occurs in fewer than 
30%,*” although asymptomatic bacteriuria can be 
seen in almost 70%.*8 

CIC alone or in combination with anticholinergic 
agents, when filling pressures are 
>40 cmH,O and voiding pressures reach levels 
>80-100 cmH,O, has resulted in only an 8-10% 
incidence of urinary tract deterioration (Figure 
53.4).47-49.50 This represents a significant drop in the 
occurrence of detrimental changes compared with the 
group of children followed expectantly.%”?? Oxybu- 
tynin hydrochloride is administered in a dose of 
1.0 mg per year of age, every 12 hours, in order to 
help lower detrusor filling pressure. In neonates or 
children younger than 1 year of age, the dose is low- 
ered to below 1.0 mg in relation to the child’s age at 


detrusor 


the time and increased proportionately as the child 
approaches 1 year. No side effects were seen when 
oxybutynin was administered according to this sched- 
ule.4°-47 When a hyperreflexic or hypertonic bladder 
fails to respond to these measures, augmentation 
cystoplasty may be required. However, the need for 
this operative modality in children managed proac- 
tively has been substantially reduced to 17%, as com- 
pared with a 41% incidence in children followed 
expectantly*0>! (see Figure 53.4). Furthermore, the 
use of vesicostomy drainage has been almost com- 
pletely eliminated since this approach has been 
adopted. 


Neurologic findings and recommendations 


The neurourologic lesion in myelodysplasia is a 
dynamic disease process with changes taking place 
throughout childhood,5?54 especially in early 
infancy,?” and then at puberty, when the linear 
growth rate accelerates again. When a change is noted 
on neurologic, orthopedic, or urodynamic assess- 
ment, radiologic investigation of the CNS often 
reveals: (1) tethering of the spinal cord; (2) a syrinx 
or hydromyelia of the cord; (3) increased intracranial 
pressure due to a shunt malfunction; or (4) partial 
herniation of the brainstem and cerebellum. Children 
with completely intact or only partially denervated 
sacral cord function are particularly vulnerable to pro- 
gressive changes. MRI reveals anatomic details of the 
spinal column and CNS, but it is not a functional 
study. Therefore, when used alone, it cannot provide 
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exact information with regard to a changing neuro- 
logic lesion. 

Sequential urodynamic testing on a yearly basis, 
beginning in the newborn period and continuing until 
5 years of age, provides the means for carefully fol- 
lowing these children to detect signs of change, thus 
offering the hope that early detection and neurosurgi- 
cal intervention may help to arrest or even reverse a 
progressive pathologic process. Changes occurring in 


Figure 53.4 Another newborn boy with 
detrusor—-sphincter dyssynergia was success- 
fully treated with clean intermittent catheteri- 
zation and oxybutynin. Over a 14-year period, 
his kidneys have remained normal by renal 
ultrasound (a, 6) and his bladder wall has not 
increased its thickness (c). 


a group of newborns followed in this manner involved 
both the sacral reflex arc and the pontine-sacral reflex 
interaction?”56 (Figure 53.5). Most children who 
change tend to do so in the first 3 years of life (Figure 
53.6). Twenty-two of 28 children who exhibited a 
worsening in their neurologic picture underwent a 
second neurosurgical procedure: 50% had a beneficial 
effect from the surgery, with 11 of these 22 showing 
improvement in urethral sphincter function.5° 
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Figure 53.5 (a) Pontine-sacral reflux arc changes that occurred in a group of children with myelodysplasia followed 
with sequential urodynamic studies between the newborn period and 3 or more years of age. Dyssyn = dyssyn- 
ergy; Abs Innerv = absence of innervation; Unch = unchanged; DYS = dyssynergy; FU = follow-up; Syn = syn- 
ergy; * = one patient who changed from normal innervation to partial and then complete denervation; ** = four 
patients who changed from normal innervation to partial denervation. (6) Sacral reflex arc pathway changes that 
occurred in the same group of children. N innerv = normal innervation; ILMN = incomplete lower motor neuron; 
CLMN = complete lower motor neuron; Unch = unchanged; FU = follow-up; N = normal; * = four of 15 patients 
who changed from synergy to dyssynergy; ** = one patient who changed from synergy to dyssynergy. 


As a result of these developments, all babies with 
myelodysplasia should be observed according to the 
guidelines set forth in Table 53.4. It is not enough to 
look at just the radiographic appearance of the urinary 
tract; critical scrutiny of the functional status of the 
lower urinary tract is important as well. In addition to 
the reasons cited above, it may be necessary to repeat 
a urodynamic study when the upper urinary tract 
dilates secondary to impaired drainage from a hyper- 


tonic detrusor or urinary incontinence occurs after a 
prolonged period of dryness on intermittent catheter- 
ization and medical therapy. 


Management of reflux 


VUR occurs in 3-5% of newborns with myelodys- 
plasia, usually in association with detrusor hyper- 
tonicity and/or dyssynergia. It is rare to find reflux in 


Neurogenic voiding dysfunction and non-surgical management 791 


15/143 
(10.5%) 


= a 
œ © N 


% of total for each group 
O 


< 1 year 1-2 years 


2-3 years > 3 years 


Age 


Figure 53.6 Propensity for deterioration in external urethral sphincter innervation is greatest in the first year of life, 
with a decreasing incidence noted subsequently. (From Bauer.'%) 


Table 53.4 Surveillance in infants with myelodysplasia? 


Sphincter activity 


Recommended tests 


Frequency 


Intact — synergic 


Intact — dyssynergic? 


Partial denervation 


Postvoiding residual 
IVP or renal echo 
UDS 

IVP or renal echo 
UDS 

VCUG or RNC* 
Postvoiding residual 
IVP or renal echo 
UDS% 

VCUG or RNC® 


Every 4 months 

Every 12 months 
Every 12 months 
Every 12 months 
Every 12 months 
Every 12 months 
Every 4 months 

Every 12 months 
Every 12 months 


Complete denervation 


a Until the age of 5 years. 


Postvoiding residual 
Renal echo 


Every 12 months 
Every 6 months 
Every 12 months 


b Patients on intermittent catheterization and anticholinergic agents. 
€ If detrusor hypertonicity or reflux already present. 


4 Depending on degree of denervation. 


IVP = intravenous pyelography; echo = sonography; UDS = urodynamic study; 
VCUG = voiding cystourethrography; RNC = radionuclide cystography. 


any neonate with a spinal cord lesion without dyssyn- 
ergy or poor compliance.*?*” If left untreated, the 
incidence of reflux in these at-risk infants increases 
with time until 30-40% are afflicted by 5 years of 
age,°” with even higher levels noted in older chil- 
dren.” 

In children with mild to moderate grades of reflux 
(1-01), who void spontaneously or who have com- 
plete lesions with little or no outlet resistance and 
empty their bladder completely, management consists 
of antibiotic prophylaxis to prevent recurrent infec- 


tion. When these children have high-grade reflux 
(grade IV or V), intermittent catheterization is begun 
to ensure complete emptying. Children who cannot 
empty their bladders spontaneously, regardless of the 
grade of reflux, are catheterized intermittently to 
ensure complete emptying. Children with detrusor 
hypertonicity, with or without hydroureteronephro- 
sis, are also treated with oxybutynin to lower intrav- 
esical pressure and ensure adequate upper urinary 
tract decompression. When managed in this manner, 
reflux resolves in 30-55% and renal function does not 
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become impaired.4657-61 Although bacteriuria can be 
seen in as many as 56% of children on intermittent 
catheterization, generally it is not harmful except in 
the presence of high-grade reflux because sympto- 
matic urinary infection and renal scarring rarely occur 
with lesser grades of reflux.58-62 

Credé voiding is to be avoided in children with 
reflux and a reactive external sphincter. Under these 
conditions, the Credé maneuver results in a reflex 
response of the external sphincter that increases ure- 
thral resistance and raises the pressure needed to expel 
urine from the bladder®* (Figure 53.7). This has the 
effect of aggravating the degree of reflux and increas- 
ing upper urinary tract dilatation. Vesicostomy 
drainage®- is reserved for (1) those infants who have 
such severe reflux that intermittent catheterization 
and anticholinergic medication fail to improve upper 
urinary tract drainage; or (2) those children whose 
parents cannot adapt to the catheterization program. 

The indications for antireflux surgery are not very 
different from those for children with normal bladder 
function and include recurrent symptomatic urinary 
infection while on adequate antibiotic therapy and 
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appropriate catheterization techniques, persistent 
hydroureteronephrosis despite effective emptying of 
the bladder and lowering of intravesical pressure, 
severe reflux with an anatomic abnormality at the 
ureterovesical junction, and reflux persisting into 
puberty. In addition, children with any grade of reflux 
who are being considered for implantation of an arti- 
ficial urinary sphincter or any other procedure 
designed to increase bladder outlet resistance should 
have the reflux corrected at the time of or prior to the 
anti-incontinence surgery. 

Jeffs et al® noted that antireflux surgery could be 
very successful in children with neuropathic bladder 
dysfunction as long as it is combined with measures 
to ensure complete bladder emptying. Since the 
advent of intermittent catheterization, success rates 
for antireflux surgery have approached 95%.58-66-68 
Unilateral reflux does not warrant bilateral reimplan- 
tation, because the incidence of contralateral reflux 
postoperatively is insignificant.°7 The endoscopic 
injection of Deflux (dextranomer microspheres in 
sodium hyaluronan solution) has altered the manage- 
ment of reflux in children with myelomeningocele but 
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Figure 53.7 (a) When the external sphincter is reactive, a Credé maneuver produces a reflex increase in elec- 
tromyographic (EMG) activity of the sphincter and a concomitant rise in urethral resistance, resulting in high void- 
ing pressure. (b) A child whose sphincter is denervated and non-reactive will not have a corresponding rise in EMG 
activity, urethral resistance, or voiding pressure. A Credé maneuver here will not be detrimental. (From Bauer.13) 
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Figure 53.8 Oxybutynin is a potent anticholinergic agent that dramatically delays detrusor contractions and lowers 
contraction pressure, as demonstrated on these two graphs from a 6-month-old girl with myelodysplasia. UC = 


uninhibited contraction. (From Bauer.') 


long-term salutary effects are yet to be appreci- 


aed. 07:79 


Continence 


Urinary and fecal continence is becoming an increas- 
ingly important issue to deal with at an early age as 
parents try to mainstream their handicapped children. 
Initial attempts at achieving urinary continence 
include CIC and drug therapy designed to maintain 
low intravesical pressure and a reasonable level of ure- 
thral resistance (Figures 53.8 and 53.9). Although 
this approach can be conducted on a trial-and-error 
basis, it is more efficient to have exact treatment pro- 
tocols based on specific urodynamic findings. As a 
result, urodynamic testing is performed if initial 
attempts with CIC and oxybutynin fail to achieve 
continence. Without urodynamic studies, it is hard to 
know whether (1) a single drug is effective, (2) the 
drug dosage should be increased, (3) a second drug 
should be added to the regimen, or (4) alternative 
methods of treatment, i.e. augmentation cystoplasty, 
should be contemplated. 

If urodynamic testing reveals that urethral resis- 
tance is inadequate to maintain continence because 
there is either a failure of the sphincter to react to 
increases in abdominal pressure or a drop in resistance 
with bladder filling, then o&-sympathomimetic agents 
are added to the regimen (see Table 53.1). Endo- 
scopic treatment using various bulking agents has 
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Figure 53.9 œ-Sympathomimetic agents potentially 
have their greatest effect in the bladder neck region 
where the highest concentration of o-receptor sites 
exist. They can raise outlet resistance and improve 
continence in many individuals. (From Bauer.'’) BN = 
bladder neck; ES = external sphincter function. 


been employed to increase bladder outlet resistance. A 
positive response has been seen most notably with an 
areflexic good compliant bladder, but so far a truly 
long-lasting effect has not been demonstrated.7!-74 
Fecal continence has become a very important social 
issue for these children as they reach their teenage 
years.’4 In addition to dietary maneuvers, intravesical 
bladder stimulation has helped with fecal conti- 
nence,’° but the most impressive results have come 
from the Malone antegrade continence enema or 
MACE procedure. A continent catheterizable conduit 
is created from the cecum to the anterior abdominal 
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wall using the appendix or a narrowed reconfigured 
small segment of bowel. The cecal end of the conduit 
is implanted in such a manner as to prevent leakage. 
An enema solution consisting of either GOLYTELY, 
saline, or tap water is instilled nightly or every other 
night, cleansing the distal bowel within a short time, 
and resulting in fecal continence for up to 2-3 days at 
a time. Older children readily become independent in 
managing their bowel function, which leads to 
improved self-esteem and sociability.” 


Sexuality 


Sexuality in this population has become an increas- 
ingly important issue to deal with as more and more 
individuals have reached adulthood and want either 
to marry or to have meaningful long-term relation- 
ships.’”7 Few studies are available, however, that look 
critically at sexual function in these patients. 

In one study, researchers interviewed a group of 
affected teenagers and reported that at least 28% of 
them had one or more sexual encounters, and almost 
all had a desire to marry and ultimately bear chil- 
dren.’”” In a more recent study,” 57 men were ques- 
tioned regarding their sexual history: 41 (72%) had 
erections and 27 of them (66%) had ejaculations. 
Twenty men said they had had sexual intercourse but 
only 11 attempted to father children, of whom eight 
were successful. Overall, 12 men (21%) were mar- 
ried. Another study revealed that 70% of myelodys- 
plastic women were able to become pregnant and 
have an uneventful pregnancy and delivery, although 
urinary incontinence in the latter stages of gestation 
and cesarean section were common.” In the same 
study, 17% of males claimed that they were able to 
father children. It is more likely for males to have 
problems with erectile and ejaculatory function 
because of the frequent neurologic involvement of the 
sacral spinal cord, whereas reproductive function in 
the female, which is under hormonal control, is not 
affected. However, the level of the neurologic lesion 
is not predictive of ultimate sexual function in men.”® 

As important as knowing what the precise sexual 
function is in an individual, sexuality or the ability to 
interact with the opposite sex in a meaningful and 
lasting way is just as important. Sexual identity, edu- 
cation, and social mores are issues that have been 
taken out of the realm of secrecy and are now openly 
discussed and taught to handicapped people.80-82 
Boys reach puberty at an age similar to that for 
normal males, whereas breast development and 
menarche tend to start as much as 2 years earlier than 


usual in myelodysplastic females. The etiology of this 
early hormonal surge is uncertain, but it may be 
related to pituitary function changes in girls sec- 
ondary to their hydrocephalus.®# The degree of sexu- 
ality attained by most is inversely proportional to the 
level of neurologic function. 


Lipomeningocele and other spinal 
dysraphisms 


Diagnosis 


A group of congenital defects that affects the forma- 
tion of the spinal column but does not result in an 
open vertebral canal has been labeled occult spinal 
dysraphisms,** and includes: 


E lipomeningocele 

E intradural lipoma 

E diastematomyelia or split cord syndrome 

E tight filum terminale 

E dermoid cyst/sinus 

E aberrant nerve roots 

E anterior sacral meningocele (when occurring in 
conjunction with sacral agenesis = Currarino syn- 
drome) 

E cauda equina tumor. 


These lesions may exist with no obvious outward 
signs. But 90% of the children manifest a cutaneous 
abnormality overlying the lower spine. This may 
vary from a small dimple or skin tag to a tuft of hair, 
a dermal vascular malformation, or a very noticeable 
subcutaneous lipoma (Figure 53.10). In addition, on 
careful inspection of the legs, one may note a high 
arched foot or alterations in the configuration of the 
toes, with hammer or claw digits. Other signs include 
a discrepancy in muscle size and strength between the 
legs with weakness at the ankle, and/or a gait abnor- 
mality, especially in older children, as a result of 
shortness of one leg.8°88 Absent perineal sensation 
and back pain are not uncommon symptoms in older 
children or young adults.8789°° Lower urinary tract 
function is abnormal in 40% of affected individuals.?! 

The child may experience difficulty with urinary 
control (especially during the pubertal growth spurt), 
urinary retention, recurrent urinary infection, and/or 
fecal soiling after an initial period of dryness. 


Findings 


When these children are evaluated in the newborn or 
early infancy period, the majority have a perfectly 
normal neurologic examination. Urodynamic testing, 
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Figure 53.10 Cutaneous lesions occur in 90% of children with various occult dysraphic states. These lesions may 
vary from a small lipomeningocele (a) to a hair patch (b), a dermal vascular malformation (c), a dimple (d), or an 


abnormal gluteal cleft (e). 


however, will reveal abnormal lower urinary tract 
function in about one-third of the babies younger 
than the age of 18 months!” (Figure 53.11). These 
studies may provide the only evidence for a neuro- 
logic injury involving the lower spinal cord.??-°4 
When present, the most likely abnormality is an upper 
motor neuron lesion characterized by detrusor hyper- 
reflexia and/or hyperactive sacral reflexes, with mild 
forms of detrusor-sphincter dyssynergy being noted 


less often. Lower motor neuron signs with denerva- 
tion potentials in the sphincter, or detrusor areflexia, 
occur in only 10% of very young children. 

In contrast, practically all individuals in the group 
>3 years of age who have not been operated upon or 
have been belatedly diagnosed as having an occult 
dysraphism will have either an upper motor neuron 
and/or lower motor neuron lesion on urodynamic 
testing (92%) (see Figure 53.11), or neurologic signs 
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of lower extremity dysfunction. ®??224-%6 There does 
not seem to be preponderance for one type of lesion 
over the other (upper versus lower motor neuron); 
each occurs with equal frequency, and often the child 
manifests signs of both.?5-?7 


Pathogenesis 


The reason for this difference in neurologic findings 
may be related to (1) compression on the cauda equina 
or sacral nerve roots by an expanding lipoma or 
lipomeningocele,?* or (2) tension on the cord from 
tethering secondary to differential growth rates 
between the bony and neural elements. The overt 
stretching that invariably occurs when there is forcible 
flexion and/or extension of the spinal cord leads to 
changes in oxidation/reduction of cytochrome oxidase, 
most notably in the lumbosacral spinal neurons.%? 
Under normal circumstances, the conus medullaris 
ends just below the L-2 vertebra at birth and recedes 
upwards to T-12 by adulthood. When the cord 
does not ‘rise’? secondary to one of these lesions, 
ischemic injury may ensue.??!0! Correction of the 
lesion in infancy has resulted in not only stabilization 
but also improvement in the neurologic picture in 
some instances (Figure 53.12). Sixty percent of the 
babies with abnormal urodynamic findings preopera- 
tively reverted to normal postoperatively, with 
improvement noted in 30%, whereas 10% worsened 
with time. In the older child, there is a less dramatic 
change following surgery, with only 27% becoming 
normal, 27% improving, 27% stabilizing, but 19% 
worsening with time?’ (see Figure 53.12). The 
response to surgical untethering seems to be age 
related with infants being more likely to improve than 
older children.’ Older individuals with hyperreflexia 
tend to improve, whereas those with areflexic bladders 
do not.?°:97:102 Finally, fewer than 5% of the children 
operated on in early childhood developed secondary 
tethering when observed for several years, suggesting 
that early surgery has both a beneficial and sustaining 
effect with these conditions. 


Mixed U +L 


Figure 53.11 Most newborns with a cov- 
ered spinal dysraphism have normal 
lower urinary tract function, whereas 
older children tend to have both upper 
and lower motor neuron lesions. UMN = 
upper motor neuron; LMN = lower motor 
neuron; U + L = upper and lower motor 


neuron. 
Occult dysraphism — infants 
10 Preop abnormal UDS 
Postop 2 3 1 
UDS normal improved worse 
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Occult dysraphism — older children 
11 Preop abnormal UDS 
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1 normal remained so 


Figure 53.12 Potential for recoverable function is 
greatest in infants [6/10 (60%)] and less in older chil- 
dren [3/11 (27%)]. The risk of damage to neural tissue 
at the time of exploration to those with normal function 
is small [2/19 (11%), not shown]. UDS = urodynamic 
study. 


As a result of these findings, it is apparent that uro- 
dynamic testing may be the only way to document 
that an occult spinal dysraphism is affecting lower 
spinal cord function.22!93 Some investigators have 
shown that posterior tibial somatosensory evoked 
potentials are an even more sensitive indicator of teth- 
ering and should be an integral part of the urody- 
namic evaluation.!°* The implication of this 
recommendation is that early detection and interven- 
tion are both associated with a reversibility to the 
lesion that is lost in the older child.98:101:105,106 and a 
degree of protection from subsequent tethering, 
which seems to be a frequent occurrence when the 
lesion is not dealt with expeditiously in infancy.107 


Recommendations 


Both MRI! and urodynamic testing should be con- 
ducted in everyone who has a questionable skin or 
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bony abnormality of the lower spine.10°-112 It is the 
most reliable way to detect a neurologic deficit involv- 
ing the lumbosacral spinal cord initially, following 
surgical correction and as a means of predicting and 
identifying subsequent tethering, which can occur in 
10-20% of children.1!? 

If the child is younger than 4-6 months of age, 
ultrasonography may be useful to image the spinal 
canal before the vertebral bones have had a chance to 
ossify.!!3114 At this age there is good correlation 
between the ultrasound and MRI findings, but the 
latter gives much better definition of the lesion affect- 
ing the spinal cord.!45 Thus, ultrasound provides a 
good screening test, but MRI is the definitive study. 

In the past, removing only the superficial skin 
lesions without dissecting further into the spinal canal 
to remove or repair the entire abnormality usually 
treated these conditions. Today, most neurosurgeons 
advocate laminectomy and removal of the intraspinal 
process as completely as possible without injuring the 
nerve roots or cord as soon as feasible after the diag- 
nosis is made. They recommend this in order to 
release the tethering and to prevent further injury that 
might ensue with subsequent growth.88.70.93-95,106 


Sacral agenesis 


Sacral agenesis has been defined as absence of part or all 
of two or more lower vertebral bodies. Although the 
etiology of this condition is still uncertain, a number of 
factors have been implicated. Teratogenic factors may 
play a role in that insulin-dependent mothers have a 
1% chance of giving birth to a child with this disorder. 
In addition, 16% of children with sacral agenesis have 
a diabetic mother,4°!!7 although it may only have 
been gestational, insulin-dependent diabetes. Sacral 
agenesis has been reproduced in chicks when exposed 
as embryos to insulin.!!8:!1 Maternal insulin-antibody 
complexes have been noted to cross the placenta, and 
their concentration in the fetal circulation is directly 
correlated with macrosomia.!?° It is possible that a sim- 
ilar cause-and-effect phenomenon is occurring in sacral 
agenesis. Maternal drug exposure, i.e. minoxidil, has 
been reported to cause sacral agenesis. 1?! 

In familial cases of sacral agenesis associated with 
the Currarino syndrome (presacral mass, sacral agen- 
esis, and anorectal malformation), deletions in chro- 
mosome 7 (7q) resulting in HLXB9 genetic 
mutations have been found.!4 A mutation in HLXB9, 
a homeodomain gene of a 403 amino acid protein 
which appears to be responsible for neural plate 
infolding has been identified in 20 of 21 patients with 


familial and in 2 of 7 sporadic cases of Currarino syn- 
drome. !?2,!23 Heterozygote carriers within these fam- 
ilies have also been identified.!7+ Thus, sacral agenesis 
may represent one point on a spectrum of abnormal- 
ities that encompasses sacral meningoceles and 
anorectal malformations. !?° 


Diagnosis 


The diagnosis is often delayed until failed attempts at 
toilet training bring the child to the attention of a 
physician. Sensation, including perianal dermatomes, 
is usually intact, and lower extremity function is 
normal.!?°128 Sacral vertebral bony ossification 
begins at 15 weeks, so it is possible to detect the 
abnormality after 18 weeks of gestation by prenatal 
ultrasonography and then confirm by fetal MRI.!?? 
Because these children have normal sensation and 
little or no orthopedic deformity involving the lower 
extremities (although high arched feet and/or claw or 
hammer toes may be present), the underlying lesion is 
often overlooked. In fact, 20% of children escape 
detection until the age of 3 or 4 years, when parents 
begin to question their ability to train their child.!!7 
The only clue, requiring a high index of suspicion, is 
flattened buttocks and a low short gluteal cleft!30 
(Figure 53.13). Palpation of the coccyx will detect the 
absent vertebrae.!? The diagnosis is most easily 


Figure 53.13 Characteristically, the gluteal crease is 
short and seen only inferiorly (below arrow) as a result 
of the flattened buttocks in sacral agenesis. 
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Figure 53.14 The diagnosis is easily confirmed on an anteroposterior (a) or lateral (b) film of the spine (the latter is 


performed if bowel gas obscures the sacral area) (arrows). 


confirmed with a lateral film of the lower spine, 
because this area is often obscured by the overlying 
gas pattern on an anteroposterior projection}! H? 
(Figure 53.14). MRI has been used to visualize the 
spinal cord in these cases, and a sharp cut-off of the 
conus opposite the T-12 vertebra seems to be a con- 
sistent finding!*! (Figure 53.15). 


Urodynamic findings 


When urodynamic studies are undertaken, almost an 
equal number of individuals will manifest an upper or 
lower motor neuron lesion (35% vs 40%, respec- 
tively), whereas 25% have no signs of denervation at 
all.1!” The upper motor neuron lesion is characterized 
by detrusor hyperreflexia, exaggerated sacral reflexes, 
absence of voluntary control over sphincter function, 
detrusor-sphincter dyssynergy, and no electromyo- 
graphic evidence of denervation potentials in the ure- 
thral sphincter. 7119.126.128 VUR occurs almost 
exclusively in children with hyperreflexia with or 
without dyssynergy. 13? A lower motor neuron lesion 
is noted when detrusor areflexia and partial or com- 
plete denervation of the external urethral sphincter 
with diminished or absent sacral reflexes are seen. The 
bladder is usually small and smooth-walled, with an 
open bladder neck a common finding. 13? The number 


of affected vertebrae does not seem to correlate with 
the type of motor neuron lesion present (Figure 
53.16). The lesion usually appears to be stable and 
rarely shows signs of progressive denervation. 


Recommendations 


Management depends on the specific type of neu- 
rourologic dysfunction seen on urodynamic testing. 
Anticholinergic agents should be given to those 
children with upper motor neuron findings of unin- 
hibited contractions, whereas intermittent catheteriz- 
ation and o-sympathomimetic medication may need 
to be initiated in individuals with lower motor neuron 
deficits who can neither empty their bladder nor stay 
dry between catheterizations. When anticholinergic 
medication is ineffective in controlling the hyperac- 
tive detrusor, augmentation cystoplasty may be 
required to attain an adequate organ for urinary stor- 
age. Failure of o-sympathomimetic agents may 
require either endoscopic injection of bulking agents 
or even artificial urinary sphincter implantation to 
increase bladder outlet resistance. The bowel mani- 
fests a similar picture of dysfunction and needs as 
much characterization and treatment as the lower 
urinary tract. Anorectal manometry has identified 
abnormalities in the internal anal sphincter and in vol- 
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Figure 53.15 Coronal (a, left and right) and sagittal (b) mag- 
netic resonance images in a 6-month-old girl with sacral age- 
nesis at S-1 reveal a squared lower limit of the cord adjacent 


untary anal sphincter squeeze pressure, leading to 
weakness of the muscle and concomitant fecal incon- 
tinence. 133 It is important to identify these individu- 
als as early as possible so that they can be rendered 
continent and out of diapers at an appropriate age, 
thus avoiding the social stigmata of fecal and/or uri- 
nary incontinence. 


to T-12 (arrow). Note a solitary right kidney (a, left). 
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Figure 53.16 Bladder contractility is unrelated to the 
number of absent vertebrae. (From Bauer.') 


Associated conditions 

Imperforate anus 

Imperforate anus is a condition that can occur alone 
or as part of a constellation of anomalies that has been 


called the VATER or VACTERL syndrome.!*4 This 
mnemonic stands for all of the organs that possibly 
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can be affected (V = vertebral, A = anal, C = cardiac, 
TE = tracheo-esophageal fistula, R = renal, L = 
limb). This may be part of a spectrum of hindgut 
abnormalities that includes sacral agenesis and even a 
presacral mass or meningocele recently labeled as 
which has genetic implica- 


Currarino syndrome,!?? 


tions. + Urinary incontinence is not common unless 
the spinal cord is involved or the pelvic floor muscles 
and/or nerves are injured during the imperforate anus 
repair,1#4 A plain film of the abdomen and an ultra- 
sonic image of the spine and kidneys are obtained in 
the neonatal period in all children regardless of the 


Figure 53.17 (a, right and left) This 1-year-old girl with an imperforate anus and bony vertebral abnormalities has 
bilateral hydronephrosis and a tethered cord on this magnetic resonance imaging scan. (b) Her voiding cystouro- 
gram reveals significant trabeculation and reflux on the left, whereas her excretory urogram (c) demonstrates bilat- 
eral hydronephrosis secondary to the reflux on the left and a ureterovesical junction obstruction on the right. Her 
urodynamic study manifested detrusor hypertonicity and dyssynergy. 
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level of the rectal atresia, once the child has either sta- 
bilized or has had a colostomy performed.136-138 Ver- 
tebral bony anomalies often signify an underlying 
spinal cord abnormality. Because the vertebral seg- 
ments have not fully calcified at this time, ultrasonog- 
raphy can readily image the spinal cord. Any hint of 
an abnormality on these studies or the presence of a 
lower midline skin lesion overlying the spine warrants 
an MRI to delineate any pathologic intraspinal 
process!9? (Figure 53.17). If radiographic images 
demonstrate an abnormality, urodynamic studies are 
conducted soon thereafter. Urodynamic studies are 
also indicated before repair in the child with a high 
imperforate anus who has undergone an initial 
colostomy. Abnormal findings may provide a reason 
to explore and treat any intraspinal abnormality in 
order to improve the child’s chances of becoming 
continent of both feces and urine. In addition, they 
furnish a baseline for comparison, especially if incon- 
tinence should become a problem in the future, par- 
ticularly in those children needing extensive surgery 
for their imperforate anus. 

EMG studies of the perianal musculature at this 
time help to define the optimal location for the future 
anus. Before the Peña operation, which uses a poste- 
rior midline approach, was developed to correct a 
high imperforate anus, rectal incontinence was 
thought to be due to an injury involving the pelvic 
nerves that innervate the levator ani muscles.!40-142 
Because the dissection is confined to the midline area, 
this procedure has reduced the chance of traumatizing 
the nerve fibers that course laterally and around the 
bony pelvis from the spine to the urethral and rectal 
sphincter muscles. Despite careful dissection tech- 
niques, 37% of patients still have long-term problems 
with fecal incontinence.!4? Urodynamic and perianal 
EMG studies are repeated after the imperforate anus 
repair, if fecal and/or urinary continence has not been 
achieved by a reasonable age or if urinary inconti- 
nence develops secondarily. 

Thirty to 70 percent of these children have a spinal 
abnormality even though they may not have any other 


144,145 The incidence of neu- 


associated anomalies. 
rovesical dysfunction is related to the presence (64%) 
or absence (31.5%) of a sacral bony defect. Similarly, 
the level of the anal atresia determines the incidence 
of bladder dysfunction, with supralevator atresia 
having a higher risk (70%) than infralevator (35%) 
lesions.!#8 Boemers et al!4¢ found impaired lower uri- 
nary tract function in 24% of 90 children; all but one 
had a sacral bony abnormality, suggesting an even 


closer association of dysfunction with abnormal bony 


spinal development. This abnormality may range 
from tethering of the spinal cord secondary to an 
intraspinal dysraphism, which produces an upper 
motor neuron type of dysfunction involving the blad- 
der and external urethral sphincter, to an atrophic 
abnormality of the conus medullaris, which leads to a 
partial or complete lower motor neuron lesion involv- 
ing the lower urinary tract.!47 In these circumstances, 
urinary and fecal incontinence might be the child’s 
only complaints. Because lower extremity function 
may be totally normal, an examination of the legs 
alone can be misleading.'#* In one review, 20% of 
children with neuropathic bladder dysfunction and 
imperforate anus had a normal bony spine, suggesting 
that postnatal spinal ultrasonography should be per- 


formed in all newborns with imperforate anus. 148 


Central nervous system insults 


Cerebral palsy 
Etiology 


Cerebral palsy is a non-progressive injury to the brain in 
the perinatal period that produces a neuromuscular dis- 
ability or a specific symptom complex of cerebral dys- 
function. Its incidence is approximately 1.5 per 1000 
births but may be increasing as more smaller and 
younger premature infants are surviving in intensive care 
units. It is usually due to a perinatal infection or period 
of anoxia (or hypoxia) that affects the CNS.149-150 Tt 
most commonly appears in babies who were premature, 
but it may be seen following a seizure, infection, or 
intracranial hemorrhage in the neonatal period. 


Diagnosis 
Affected children have delayed gross motor develop- 


ment, abnormal fine motor performance, altered 
muscle tone, abnormal stress gait, and exaggerated 
deep tendon reflexes. These findings can vary sub- 
stantially from being very obvious to exquisitely 
subtle with no discernible lesion present unless a care- 
ful neurologic examination is performed. Among the 
more overtly affected individuals, spastic diplegia is 
the most common of the five types of dysfunction that 
characterize this disease, accounting for nearly two- 


thirds of the cases. 


Findings 


Most children with cerebral palsy develop total uri- 
nary control. Incontinence is a feature in some, but 
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Table 53.5 Lower urinary tract function in cerebral 
palsy? 


Type of dysfunction No. (%) 

Upper motor neuron lesion 49 (86) 

Mixed upper and lower motor 5 (9) 
neuron lesion 

Incomplete lower motor neuron lesion | 

No urodynamic lesion 2 (3.5) 


a The study comprised 57 children. 


the exact incidence has never been truly deter- 
mined. 151-152 In a recent survey of questionnaires sent 
to over 600 families with an affected child aged 4-18 
years, 23.5% had persistent urinary incontinence.!>4 
When urinary continence was achieved, its develop- 
ment was delayed when compared with normal chil- 
dren of similar age. With further analysis of the data, 
80% of children with spastic diplegia, 54% with 
tetraplegia, and 38% with low intellectual capacity 
attained continence. The presence of incontinence 
was related in part to the extent of the physical 
impairment because the physical handicap prevents 
the individuals from reaching the toilet before they 
have an episode of wetting. If the children are intel- 
lectually handicapped they either do not recognize the 
need to void or relate this fact to caregivers early 
enough to be toileted.!°? Some children have such a 
severe degree of mental retardation that they are not 
trainable, but the majority have sufficient intelligence 
to learn basic societal protocol with patient and per- 
sistent handling. Continence is achievable, albeit at a 
later than expected age, with diurnal continence being 
attained first and nocturnal continence occurring 
within the subsequent year.!5? Therefore, urodynamic 
evaluation is reserved for children who appear train- 
able and do not seem to be hampered too much by 
their physical impairment, but who have not achieved 
continence by later childhood or early puberty. 

One review of urodynamic studies, performed in 
57 children with cerebral palsy (Table 53.5),!5? 
revealed that 49 (86%) of the children presented with 
the expected picture of a partial upper motor neuron 
lesion type of dysfunction, with exaggerated sacral 
reflexes, detrusor hyperreflexia, and/or detrusor- 
sphincter dyssynergia (Figure 53.18), even though 
they manifested voluntary control over voiding. Six of 
the 57 (11%), however, had evidence of both upper 
and lower motor neuron denervation with detrusor 
areflexia and/or abnormal motor unit potentials on 
sphincter EMG assessment (Table 53.6). When their 
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Figure 53.18 An 8-year-old boy with spastic diplegia 
has a typical partial upper motor neuron lesion-type 
bladder with uninhibited contractions (UCs) associated 
with increased sphincter activity but normal voiding 
dynamics at capacity. Wetting is due to these contrac- 
tions when unaccompanied by the heightened sphinc- 
ter activity. EMG = electromyography. (From Bauer.13) 


records were analyzed on a retrospective basis, most 
of the children who exhibited these latter findings had 
experienced an episode of cyanosis in the perinatal 
period (Table 53.7). Thus, a lower motor neuron 
lesion may be seen in addition to the expected upper 
motor neuron dysfunction. 

In a more recent review of 29 children with cere- 
bral palsy undergoing urodynamic studies,!*4 includ- 
ing 23 who had incontinence and/or urinary infection 
and six who were asymptomatic, urodynamic studies 
demonstrated poor compliance in 21 of the 23 symp- 


Table 53.6 Urodynamic findings in cerebral palsy 


Finding Number 


Upper motor neuron 

Uninhibited contractions 3 

Detrusor-sphincter dyssynergy 

Hyperactive sacral reflexes 

No voluntary control 

Small-capacity bladder 

Hypertonia 

Lower motor neuron 

Excessive polyphasia 

Increased amplitude and increased 
duration potentials 


NNOONGA 


Ro 


a The study comprised 57 children; some children 
exhibited more than one finding. 
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Table 53.7 Perinatal risk factors in cerebral palsy 


UMN LMN 


1 
2 


Factor 


Prematurity 1 

Respiratory distress/arrest/apnea 

Neonatal seizures 

Infection 

Traumatic birth 

Congenital hydrocephalus 

Placenta previa/abruption 

Hypoglycemia with or without 
seizures 

Intracranial hemorrhage 2 

Cyanosis at birth 1 3 

No specific factor noted 15 


NM NM W O1 01 OO 


UMN = upper motor neuron lesion; LMN = lower 
motor neuron lesion. 


tomatic and two of the six asymptomatic children. In 
the same study, uninhibited contractions were found 
in all symptomatic and five of six asymptomatic chil- 
dren, and high leak point pressure in 16 of 23 and 
four of six symptomatic and asymptomatic children, 
respectively. VCUG revealed bladder trabeculation in 
58% and VUR in 9% of symptomatic, and trabecula- 
tion in 50% but no reflux in asymptomatic children. 
In a meta-analysis of all published reports of urody- 
namic findings in children with cerebral palsy, detru- 
sor overactivity was seen in 80%, dyssynergy between 
the bladder and sphincter in 5%, and normal function 
in only 12%.152-154-156 From these reports it is appar- 
ent that urodynamic studies can be very revealing in 
all children, whether or not they have urinary symp- 
toms,!*+ but are especially useful if frequent toileting 
or initial anticholinergic treatment fails to improve 
incontinence, the child develops urinary infection, or 
renal ultrasonography reveals hydronephrosis. 


Recommendations 


Treatment usually centers around abolishing the 
uninhibited contractions with anticholinergic medica- 
tion, but residual urine volume must be monitored 
closely to ensure complete evacuation with each void. 
Intermittent catheterization may be required for those 
who cannot empty their bladders. Selective dorsal 
sacral rhizotomy has helped with spasticity and incon- 
tinence, with only <5% developing incontinence if 


careful mapping of dorsal sacral nerve roots is identi- 
fied 157.158 


Traumatic injuries to the spine 


Despite the exposure and potential for a traumatic 
spinal cord injury, this condition is rarely encountered 
in children; the incidence in Sweden is 2.6 cases per 
million children per year.!5°? When an injury does 
occur, it is most likely to happen as a result of a motor 
vehicle accident (24-52%), a gunshot wound, or a 
diving incident.!°?-!©? Infants are more prone to an 
injury from a motor vehicle accident (71%), toddlers 
and children secondary to a fall (48% and 34%, 
respectively), and adolescents due to a sport-related 
event (29%).1° It has also occurred iatrogenically fol- 
lowing surgery to correct scoliosis, kyphosis, or other 
intraspinal problems as well as congenital aortic arch 
anomalies or patent ductus arteriosus.!6°-!63 New- 
borns are particularly prone to hyperextension 
injuries during a high forceps delivery.164165 The 
lower urinary tract dysfunction that ensues is not 
likely to be an isolated event but, rather, is usually 
associated with loss of sensation and paralysis of the 
lower limbs. Radiologic investigation of the spine 
may not reveal any bony abnormality, even though 
momentary subluxation of osseous structures due to 
the high elasticity of vertebral ligaments can result in 
a neurologic injury.!°° This has been labeled spinal 
cord injury without radiologic abnormality or SCI- 
WORA, and can account for up to 38% of spinal cord 
injuries in children.!°* Myelography and computed 
tomography (CT) will show swelling of the cord 
below the level of the lesion, central disk herniation, 
spinal stenosis, or contusion.164165.167 Often, what 
appears initially as a permanent lesion turns out 
instead to be a transient phenomenon. Although sen- 
sation and motor function in the lower extremities 
may be restored relatively soon, the dysfunction 
involving the bladder and rectum may persist for a 
considerable period. 

If urinary retention occurs immediately following 
the injury, an indwelling Foley catheter is passed into 
the bladder and left in place for as short a period of 
time as possible, until intermittent catheterization can 
be started safely on a regular basis.168!6? When the 
child starts voiding again, the timing of catheteriza- 
tion can be such that it is used as a means of measur- 
ing the residual urine volume after a spontaneous 
void. Residual urine volumes of 25 ml or less are con- 
sidered safe enough to allow for a reduction in the fre- 
quency and even cessation of the catheterization 
program. !°? If there is no improvement in urinary 
tract function after 4-6 weeks, urodynamic studies are 
conducted to determine whether or not this condition 
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is the result of spinal shock or actual nerve root or 
spinal cord injury. Detrusor areflexia is not uncom- 
mon under these circumstances.!7° EMG recording of 
the sphincter often reveals normal motor units with- 
out fibrillation potentials, but absent sacral reflexes 
and a non-relaxing sphincter with bladder filling, a 
sign that transient spinal shock has occurred.!7° The 
outcome from this condition is guarded but good, 
inasmuch as most cases resolve completely as edema 
of the cord in response to the injury subsides, leaving 
no permanent damage.!70.!7! 

Most permanent traumatic injuries involve either 
the upper thoracic or cervical spinal cord, but some 
affect the cauda equina region. The sacral cord injury 
most likely produces a lower motor neuron deficit of 
the striated sphincter that usually leads to low-pres- 
sure bladder emptying with little risk of upper urinary 
tract deterioration. However, it probably necessitates 
medical and/or surgical therapy to achieve conti- 
nence. On the other hand, upper spinal cord injuries 
produce an upper motor neuron-type lesion with 
detrusor hyperreflexia and detrusor—sphincter dyssyn- 
ergia. The potential danger from this outflow 
obstruction is obvious.!72 Substantial residual urine 
volumes, detrusor hypertonicity, high voiding pres- 
sure, high-pressure reflux, urinary infections, and 
their sequelae are the leading cause of long-term mor- 
bidity and mortality in spinal cord-injured patients. 
Urodynamic studies will identify those patients at 
risk.16? Even if the child is continent and voiding to 
completion or requires intermittent catheterization to 
empty, it is imperative to measure detrusor compli- 
ance, the presence of hyperreflexia, and actual voiding 
pressures (if appropriate) to determine the potential 
risk for hydroureteronephrosis and/or reflux. 17? Early 
identification and proper management may prevent 
the signs and effects of bladder outlet obstruction 
before they become apparent on X-ray examination of 
the urinary tract.174176 


Functional voiding disorders 


Urinary incontinence is defined by the ICCS as the 
uncontrolled leakage of urine; it can be continuous or 
intermittent, occurring during the daytime or night- 
time. Continuous incontinence means leakage of urine 
all the time and denotes the probability of an ectopic 
ureter. It is abnormal at any age because even infants 
have a degree of cortical control over bladder empty- 
ing, void in reasonably spaced intervals, and stay dry 
between voidings. Daytime or diurnal incontinence 


may be on an urgent or sudden basis, associated with 
stress activity such as coughing or running, or occur 
just after voiding (only in girls, resulting from the 
vaginal trapping of urine during voiding that drips out 
afterwards). Nocturnal incontinence or enuresis means 
the leakage of urine while asleep at an age when uri- 
nary control is expected. It is difficult, however, to say 
when this should occur. Studies of large groups of 
children have provided some guidelines for expecta- 
tions, but there are no absolute milestones for the indi- 
vidual child.!7”!78 Girls tend to become trained before 
boys, and daytime continence is achieved before night- 
time control. It is rare to achieve control before 18 
months of age.!”° Thereafter, urinary control is gained 
by approximately 20% of children for each year of life 
up to 4.5 years, with a smaller percentage of the pop- 
ulation attaining complete continence every year after 
that. By the age of 10, about 5% of children still have 
some nocturnal wetting, but this diminishes to 2% 
after puberty.!8° Recently, evidence has come to light 
that there may be a genetic basis for the development 
of urinary control. 181-183 

The evaluation of the incontinent child begins with 
a comprehensive history. The history includes details 
of any family history of enuresis, the mother’s preg- 
nancy, including the presence of maternal insulin- 
dependent diabetes mellitus, stage of gestation at the 
time of delivery, Apgar scores at birth, or difficulties 
occurring peri- or early postnatally, and developmen- 
tal milestones such as school performance. History of 
fine and gross motor incoordination, previous conti- 
nence, social setting and sibling interaction, parental 
expectations, and characterization of the wetting 
episodes are also important. If there is a suspicion of 
an ectopic ureter in a girl (normal voiding, but con- 
stant dampness), then renal and bladder ultrasonog- 
raphy is performed. Boys who have a question of 
bladder outflow obstruction (urgency or urge incon- 
tinence with enuresis beyond the age of 5 years) are 
evaluated by voiding cystography. One group of clin- 
icians has developed a comprehensive questionnaire 
that accurately identifies and quantifies children with 
abnormal voiding patterns and has been used success- 
fully in determining responses to therapy.!8* The 
indications for performing urodynamic studies are as 
follows: any suspicion of a neurologic condition, 
diurnal incontinence with no associated pathology, 
fecal and urinary incontinence at any age, persistent 
voiding difficulties long after a urinary infection has 
been treated, recurrent urinary infection despite con- 
tinuous antibiotics, and bladder trabeculation and/or 


‘sphincter spasm’ on VCUG (Figure 53.19). 
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Figure 53.19 This 10-year-old girl with recurrent uri- 
nary tract infections has spasm of the sphincter during 
voiding, with narrowing in the distal urethra, demon- 
strated on this voiding cystourethrogram (arrow). Note 
grade II/V right-sided reflux. 


When urodynamic studies are performed on a 
group of children who have these findings without an 
obvious systemic neurologic disorder, a spectrum of 
voiding pattern abnormalities emerges:185 


E small-capacity bladder 

E detrusor overactivity 

E infrequent voider—lazy bladder syndrome 

E psychological non-neuropathic bladder (Hinman 
syndrome). 


Classification and a detailed description of these 
disorders help one to understand and treat each con- 


dition specifically. 


Small-capacity hypertonic bladder 


Children with recurrent urinary infection without an 
anatomic abnormality may have symptoms of voiding 
dysfunction, including frequency, urgency, urge 
incontinence, staccato or intermittent voiding, noc- 
turia and/or enuresis, and dysuria, long after the 
infection has cleared. Sometimes, persistence of these 
symptoms with their associated abnormal voiding 
dynamics can lead to repeated infections. 186 

An inflammatory reaction in the bladder wall may 
produce an irritability that affects the sensory thresh- 
old and increases the need to void sooner than antici- 
pated. If the detrusor muscle is affected as well, the 
increased irritability may lead to overactivity of the 
muscle and eventually to poor compliance. 155 When 
children attempt to hold back urination because it is 
either painful or inappropriate to void, they may actu- 
ally tighten or only partially or intermittently relax the 
external sphincter muscle during voiding. This reten- 
tion may result in a functional outflow obstruction 
that disrupts the laminar flow pattern that normally 
exists!8°-188 (Figure 53.20). This stop-and-start (stac- 
cato) voiding (Figure 53.21) is a prominent pattern 
of dysfunction in girls leading to recurrent infec- 
tion!8? because bacteria can be carried back up into 
the bladder from the meatus as a result of the ‘milk- 
back phenomenon occurring within the urethra 
when urination is interrupted in this manner.!?° The- 
oretically, if unrecognized or left untreated in young 
girls, this may become the forerunner of interstitial 
cystitis seen in many adult females and may even be 
the precursor of prostatitis in males. 

Radiologic investigation often reveals a normal 
upper urinary tract, but the bladder may be small and 
have varying degrees of trabeculation on excretory 
urography or a thickened wall on ultrasonogra- 
phy.t85.191 During the voiding phase of cys- 
tourethrography, the posterior urethra may show 
signs of intermittent dilatation at its upper end, with 
a uniform narrowing occurring toward the external 


Intermittency 


ce 


Figure 53.20 Non-laminar flow secondary to periodic tightening and relaxation of the external sphincter leads to 
eddy current and the ‘milk-back’ phenomenon, which can carry bacteria colonized at the urethral meatus up into the 


bladder and cause infection of the residual urine. 
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Figure 53.21 Staccato voiding is seen in this 8-year-old 
girl with recurrent infection. 


sphincter region. In girls, this ‘spinning-top’ defor- 
mity has raised the question of an obstructed 
meatus!87,188 (see Figure 53.19), whereas in boys, it 
has often been mistaken for posterior urethral valves. 
This appearance is due to failure of complete relax- 
ation of the external sphincter and persistence of a rel- 
ative obstruction at the distal end of the posterior 
urethra in an attempt by the child to suppress void- 
itip 2 
Urodynamic studies demonstrate a bladder of small 
capacity (when adjusted for age) and elevated detru- 
sor pressure during filling!85-188 (Figure 53.22). At 
capacity, the child has an uncontrolled urge to void 
that may not be suppressed despite tightly contracting 
the external sphincter. The bladder contraction is usu- 
ally sustained, with pressures reaching higher than 
normal values. Emptying may not always be complete 
despite these high pressures. The baseline sphincter 
EMG activity is normal at rest, but there may be com- 
plex repetitive discharges (pseudomyotonia)!*? or 
periodic relaxation of the muscle during filling, con- 
tributing to the sense of urgency or actual incontinent 
episodes. During a voluntary void, the sphincter may 
relax intermittently or even completely at first, but 
then contract in response to discomfort, preventing 
complete emptying!8¢1% (see Figure 53.22). 
Treatment is based on trying to eliminate the recur- 
rent infections, minimize any possible environmental 
influences that predispose the individual to infection, 
and improve the child’s voiding pattern and bath- 
room habits. Girls should learn to take showers 
instead of baths, or at least to bathe alone without 
other siblings, wipe from front to back, try to com- 
pletely relax when they void so that a steady stream is 


and has no correlations with meatal size. 
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Figure 53.22 This urodynamic picture in a teenage 
female with recurrent infections reveals a small-capac- 
ity bladder and a hypertonic sphincter that relaxes only 
partially during voiding. EMG = electromyography. 


produced, and take the time to empty completely each 
time they urinate.!8° Biofeedback training to teach 
these children to relax the sphincter when they void 
has been used with success.!95-!98 In addition to 
antibiotics, antispasmodic/anticholinergic agents are 
administered for periods ranging from 6 to 9 months. 


Detrusor overactivity 


Children with long-standing symptoms of daytime 
frequency, urgency, or sudden incontinence and 
squatting, in addition to nocturia and/or enuresis, 
may have detrusor overactivity. Vincent’s curtsy, a 
characteristic posturing by these children in an 
attempt to prevent voiding, is a commonly described 
behavior pattern.!???0° One or more of the child’s 
parents or siblings often have a history of delayed 
control over micturition. These affected family mem- 
bers may compensate for their own abnormality by 
displaying continued daytime frequency or nocturia, 
or both. Although the child’s physical examination 
may be normal, hyperactive deep tendon reflexes in 
the lower and/or upper extremities, tight heel cords, 
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ankle clonus, posturing with a stress gait, or difficulty 
with tandem walking, and mirror movements (similar 
motion in the contralateral hand when the individual 
is asked rapidly to pronate and supinate one hand) 
may be evident. Left-handedness, left-footedness, or 
left-eyedness in a family in which all other members 
are right-handed may signify crossed dominance from 
a previously unrecognized perinatal insult. Attention 
deficit disorders, poor writing ability and/or incoordi- 
nation, and learning difficulties are more commonly 
encountered in these children as well.?°!° Carefully 
questioning parents about perinatal events or review- 
ing birth history records may uncover such an insult 
that has affected the CNS system and caused these 
findings. The DVSS or dysfunctional voiding symp- 
tom score devised by the group in Toronto has been 
successfully used in identifying and treating children 
with subtle effects of such insults.!84 

X-ray evaluation usually reveals no abnormality 
other than a mildly trabeculated or thick-walled blad- 
der. Urodynamic studies demonstrate premature con- 
tractions of the bladder during filling, which the child 
may or may not sense and/or abolish by increasing the 
activity of the external urethral sphincter!85-194 (see 
Figure 53.18). Alternatively, periodic relaxation of 
the sphincter, the initial phase of an uninhibited con- 
traction, that leads to a sense of urgency or to an 
episode of leaking, may be the only clue to an overac- 
tive bladder (Figure 53.23). During filling, capacity 


may be reached sooner than expected, at which time 
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Figure 53.23 Some children only manifest periodic 
relaxation of the sphincter without a rise in detrusor 
pressure as an early phase of a hyperreflexic bladder 
producing urgency and incontinence. EMG = elec- 
tromyography. 


a normal detrusor contraction occurs with a sustained 
relaxation of the sphincter, resulting in complete 
emptying. Some children will not be able to suppress 
this contraction even though the bladder has not been 
filled to its intended capacity. Sometimes, detrusor 
overactivity may only be elicited following a cough or 
strain, or when the child assumes a change in pos- 
ture.?00 The overactivity is thought to be responsible 
for the symptoms.?0 

These findings may be the result of a cerebral insult, 
however mild, in the neonatal (or even prenatal) 
period, but they are linked more commonly to 
delayed maturation of the reticulospinal pathways and 
the inhibitory centers in the midbrain and cerebral 
cortex. Thus, total control over vesicourethral func- 
tion may be lacking.17?-180.204 Several investigators 
have found a similar urodynamic picture in a signifi- 
cant number of adults with nocturnal enuresis and/or 
daytime symptoms. Parents who exhibit the same 
behavior pattern as their children may have a geneti- 
cally determined delayed rate of CNS maturation. 182 

On occasion, children with profound constipation 
develop detrusor overactivity that leads to urinary 
incontinence.?°© The etiology of this condition is 
unclear, but treatment of the bowel distention has 
resulted in a dramatic improvement in the bladder 
dysfunction.?°7 

Sometimes, repeated urinary infection may pro- 
duce an identical urodynamic picture. Detrusor over- 
activity occurs as a result of the inflammatory 
response in the bladder wall that irritates the receptors 
located in the submucosa and/or detrusor muscle 
layers.?°8 Therefore, these children should be screened 
for infection. It has been postulated that an overactive 
detrusor may lead to inappropriate voiding. The child 
realizes what is happening, and tightens the sphincter 
to reverse this process, which shuts the distal urethra 
first and the bladder neck second, causing the ‘milk- 
back phenomenon and the potential for urinary infec- 
tion, as presented in the previous discussion, to 
occur, 190,208 

Anticholinergic medications alone or in combina- 
tion have been used successfully to manage this con- 
dition.?°° Oxybutynin has been highly successful with 
tolterodine somewhat less so, primarily due to under- 
dosing, but the latter is better tolerated than the 
former and constipation is less of an issue.?°?!° 
Recently, biofeedback training using computer tech- 
nology has been employed successfully in achieving 
continence and in reducing the need for medication in 
children refractory to anticholinergic 
tion.96-198,211 If infection is present, it should be 


medica- 
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eradicated and antibacterial prophylaxis should be 
employed, !55:185,212-214 


The infrequent voider-lazy bladder 
syndrome 


Most children urinate four or five times per day, and 
defecate daily or at least every other day. Some chil- 
dren, primarily girls, may void only twice a day, once 
in the morning (either at home or after they are in 
school), and again at night.?!° It is not uncommon to 
find children who do not void at all while in school. 
These children exhibited normal voiding patterns as 
infants, but after toilet training, they learned to with- 
hold micturition for extended periods. As a result, a 
few develop a fear of strange bathrooms or mimic 
their mother’s pattern of infrequent urination and 
defecation.!®5 Others have experienced an aversive 
event or had an infection associated with dysuria 
around the time of training, which led to the infre- 
quent pattern of micturition. Some children are exces- 
sively neat or have a fetish for cleanliness that causes 
them to avoid bathrooms. Often, they only void 


enough to relieve the pressure to urinate and do not 
empty their bladder completely. The decrepit condi- 
tions in many school bathrooms predispose children, 
mainly girls, to limit the number of times that they use 
these facilities during the school day; consequently, 
they become infrequent voiders all of the time. 

The infrequent voiding and incomplete emptying 
produce an ever-increasing bladder capacity and a 
diminished stimulus to urinate.!9° The chronically 
distended bladder is at risk for urinary infection 
and/or overflow or stress incontinence. Sometimes, 
these signs are the first manifestations of the abnormal 
voiding pattern. When the child is carefully ques- 
tioned, the aberrant micturition is easily detected. 
More often, the problem is diagnosed following 
VCUG or radionuclide cystography performed for an 
assessment of urinary tract infection. A larger than 
normal capacity (for age) and/or a high residual urine 
volume on initial catheterization is noted. When the 
child is questioned about voiding habits, this infre- 
quent pattern of elimination is detected!? (Figure 
53.24). The cystogram, however, usually reveals a 
smooth-walled bladder without reflux. 


Figure 53.24 (a) Excretory urogram in a girl who urinates infrequently, demonstrates a large-capacity bladder with 
a normal upper urinary tract. (6) Her postvoiding (PV) residual is quite large. 
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Figure 53.25 (a) Urodynamic evaluation reveals a very large-capacity, low-pressure bladder. The girl empties 
entirely by straining after relaxing the sphincter with no apparent detrusor contraction. EMG = electromyography. 
(6) Her intermittent urinary flow rate is characteristic of this effort to empty and leads to a considerable volume of 


residual urine. 


Urodynamic studies demonstrate a very large- 
capacity, highly compliant bladder with either 
normal, unsustained, or absent detrusor contrac- 
tions!®5 (Figure 53.25a). Straining to void is a 
common form of emptying. Sphincter EMG reveals 
normal motor unit potentials at rest and normal 
responses to various sacral reflexes, bladder filling, 
and attempts at emptying. The urinary flow rate may 
be intermittent, with sudden peaks coinciding with 
straining, or it may be normal but short lived, sec- 
ondary to an unsustained detrusor contraction.!?° 
Unless strongly encouraged, the child will not com- 
pletely empty the bladder during voiding!®* (Figure 
53.25b). This picture is consistent with myogenic 
failure from chronic distention.?!° 

Changing the child’s voiding habits is the first 
approach to therapy.”!” Keeping to a rigid schedule of 


toileting and encouraging children to empty each 
time they void are mandatory. 15 Behavioral therapy 
techniques to encourage compliance are helpful. 
Rarely, intermittent catheterization may be necessary 
to allow the detrusor muscle to regain its contractility 
and ability to empty.?18 Antibiotics are needed when 
urinary infection is present and are continued until 
the voiding pattern improves. 


Psychological non-neuropathic bladder 
(Hinman syndrome) 


Hinman?!’ described an apparent ‘syndrome’ of void- 
ing dysfunction that mimics neuropathic bladder dis- 
ease but may be a learned disorder. At first, this 
syndrome was believed to be caused by an isolated 
neurologic lesion,??°??? but now it is felt to be an 
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acquired abnoriality.189.219.225,224 It is produced by 


an active contraction of the sphincter during voiding, 
creating a degree of outflow obstruction. Some inves- 
tigators think that this phenomenon may be the result 
of persistence of the transitional phase of gaining con- 
trol in which the child learns to prevent voiding by 
voluntarily contracting the external urethral sphinc- 
ter.194:223 Others believe that this pattern results from 
the child’s normal response to uninhibited contrac- 
tions.29? This behavior becomes habitual because the 
child has difficulty in distinguishing between involun- 
tary and voluntary voiding; as a consequence, the 
inappropriate sphincter activity occurs all the time.185 
Jayanthi et al??° reported similar findings in a group 
of younger children, newborn to 30 months of age 
and Bauer et al? noted these same findings in five 
newborns and children under 1 year of age. All were 
managed by either vesicostomy, urinary diversion, or 
intermittent catheterization, with spontaneous 
improvement after vesicostomy closure or urinary 
undiversion in some. 

In general, the children have urgency, urge and/or 
stress incontinence, infrequent voluntary voiding, 
intermittent urination associated with straining, 
recurrent urinary infection, and irregular bowel 
movements, with fecal soiling in between.!8> Most 
striking is the similarity in the pattern of family 
dynamics that is disclosed on carefully observing and 
questioning.” The Hinman syndrome has been 
applied to many children with any degree of voiding 
dysfunction, but it should only be diagnosed as such 
when many of the following conditions are present: 


1 Clinical features: 
E day and night wetting 
E encopresis/constipation/impaction 
E recurrent urinary tract infections 
E parental characteristics 
domineering/exacting 
divorce 
alcoholism 
punishments (mental and physical) inflicted 
for wetting 
E previous surgery 
ureteral reimplantation 
bladder neck plasty 
diversion. 
2 Radiologic features: 
E hydronephrosis, with or without pyelonephritis 
E reflux: I/V in degree 
E large-capacity, trabeculated bladder 


E large residual urine volume 
E posterior urethra sometimes dilated with nar- 
rowing at external sphincter 
E heavily loaded colon. 
3 Urodynamic features: 
E elevated detrusor filling and voiding pressures 
E ineffective detrusor contractions 
E high resting sphincter EMG 
E unsustained sphincter relaxation during voiding 
E large residual volume. 
4 Treatment (individualized): 
E bladder retraining 
behavioral modification 
double voiding 
biofeedback techniques for sphincter relaxation 
intermittent catheterization 
E drugs 
oxybutynin 
tolterodine 
trospium 
glycopyrrolate 
flavoxate 
bethanechol 
prazosin 
diazepam 
a. blockers 
E bowel reregulation program 
stool softeners 
bulking agents 
laxatives, enemas. 


The parents, especially the father, tend to be domi- 
neering, exacting, unyielding, and intolerant of weak- 
ness or failure. Divorce and alcoholism are common 
threads that only exacerbate the situation. Wetting is 
perceived as immature, defiant, and/or purposeful 
behavior that the parents feel must be counteracted 
with stern reprimands. The children are often pun- 
ished, both mentally and physically, for their inept- 
ness. Confusion, depression, and withdrawal for fear 
of wetting with its added punitive response become 
the children’s prevalent attitudes because they do not 
know how to, nor can they prevent this provocative 
behavior. They try to withhold urination and defeca- 
tion further by keeping the sphincter muscle tight, 
aggravating the situation. Thus, wetting becomes 
more commonplace, and abdominal pain from 
chronic constipation is likely. 

X-ray evaluation reveals profound changes within 
the urinary tract. Hydroureteronephrosis with or 
without pyelonephritic scarring from recurrent infec- 
tion occurs in two-thirds of the children!*> (Figure 
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Figure 53.26 (a) Excretory urogram in a 14-year-old male with daytime and night-time incontinence and encopre- 
sis. Note the impression of a faintly opacified distended bladder. (b) His voiding cystourethrogram reveals trabecu- 
lation, mild right vesicoureteral reflux (arrow), and a large postvoiding residual urine volume. (c) A film during 
voiding demonstrates intermittent relaxation of the external sphincter area. 


53.26). Fifty percent have severe VUR. Nearly every 
child has a grossly trabeculated, large-capacity bladder 
with a considerable postvoiding residual urine volume 
(see Figure 53.26b). Voiding films show either per- 
sistent or intermittent narrowing in the region of the 
external sphincter in almost half of the children (see 
Figure 53.26c). Finally, the scout film from the excre- 
tory urogram displays considerable fecal material in 


the colon, consistent with chronic constipation and a 
normal vertebral column. 

Urodynamic studies demonstrate a large-capacity 
bladder with poor compliance, an overactive detrusor, 
and either high-pressure or ineffective detrusor con- 
tractions during voiding!8*.?14 (Figure 53.27a). 
Sometimes, Valsalva voiding is needed to empty the 
bladder. The urinary flow rate is often intermittent as 
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Figure 53.27 (a) Uninhibited detrusor contractions (UC) and increases in external urethral sphincter electromyogra- 
phy (EMG) activity are noted as the bladder is filled. During voluntary voiding, very high bladder pressures 
(>100 cmH,O) are generated owing to increased activity and then intermittent relaxation of the external sphincter. 
(b) The urinary flow rate reflects the voiding pattern seen on urodynamic evaluation. 


a result of the failure of the external sphincter to relax 
completely throughout voiding (Figure 53.27b). The 
bethanechol supersensitivity test may be positive; in 
the past, this response led to the belief that these chil- 
dren had neuropathic bladder dysfunction.??! EMG 
recordings, however, reveal normal external urethral 
sphincter innervation and exclude the possibility of a 
sacral spinal cord lesion. The sphincter fails to relax 
completely and may actually tighten episodically once 
voiding commences; 14 this finding, along with the 
premature contractions, suggests an upper motor 
neuron lesion, but usually, no other signs are present 
to confirm this urodynamic hypothesis. MRI has 
failed to reveal any intraspinal process as a cause for 
the voiding dysfunction in these children.??” 


The dyssynergy created by the incoordination 
between the bladder and sphincter muscles leads to 
high voiding pressures initially and, later, to ineffec- 
tive detrusor contractions.!%* Depending on which 
point of the spectrum one is at, a low or intermittent 
flow rate and either a minimal or significant postvoid- 
ing residual urine volume is noted. 

Before this ‘syndrome’ was recognized and the 
pathophysiology elucidated, many children underwent 
multiple operations to improve bladder emptying and 
correct VUR. Failure of these procedures to succeed 
led to urinary diversion in a number of instances. 
Some of these individuals were eventually able to be 
undiverted at an older age after they outgrew the con- 
ditions that caused their dysfunction in the first 
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place.??8 Today, an entirely different approach is 
taken. Treatment is focused on improving the child’s 
ability to empty the bladder and bowel and alleviating 
the psychosocial pressures that contribute to the 
aggravation of the voiding dysfunction.!9>?27 A fre- 
quent emptying schedule accompanied by biofeedback 
techniques to relax the sphincter during voiding, 1°6198 
anticholinergic drugs to abolish detrusor overactivity, 
and improved bowel emptying regimens are insti- 
tuted.!85 Despite these measures, intermittent 
catheterization may be needed in children who fail to 
respond and in those individuals who require immedi- 
ate decompression of their upper urinary tract.?!8.229 
In some cases, the outflow obstruction may have pro- 
duced severe renal damage and even chronic kidney 
failure, which must be managed accordingly. 
Psychotherapy is an integral part of the rehabilita- 
tive process to re-educate both the child and the par- 
ents in appropriate voiding habits. Punishments are 
stopped and a reward system is initiated in order to 
improve the child’s self-image and confidence.!*° This 
comprehensive urotherapy approach provides the 
best means for rehabilitating the child’s lower urinary 
tract and for preserving and maintaining renal 


health.?30 
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Diurnal and nocturnal enuresis 


Mark Horowitz and Rosalia Misseri 


Diurnal enuresis 


In the infant, a simple reflex controls bladder function 
without input from the supraspinal centers. A full 
bladder elicits a detrusor contraction via a signal that 
is sent along afferent pathways to the spinal cord, 
which then triggers the appropriate motor response 
and simultaneous relaxation of the external sphincter 
muscles. In the absence of an anatomic obstruction, 
this allows for low-pressure bladder emptying with- 
out resistance to flow. The adult pattern of urinary 
control evolves over time and continence is first 
achieved by voluntary constriction of the external stri- 
ated sphincter and later by supraspinal inhibition of 
the voiding reflex. The adult pattern of voiding is 
characterized by the absence of bladder contractions 
during bladder filling and relaxation of the external 
sphincter just before and throughout bladder empty- 
ing. Bladder capacity increases over time to permit 
the bladder to function as an adequately sized reser- 
voir. In the first 2 years of life, one can predict the 
bladder’s capacity by multiplying the patient’s weight 
in kilograms by 8 to estimate the capacity in milli- 
liters. After 2 years of age, bladder capacity can be 
accurately estimated and expressed by the formula: 

bladder capacity (in ounces) = age (in years) + 2.1 
Multiplying this value by 30 gives the amount in mil- 
liliters. 

Most children achieve day and night control by 4 
years of age. The sequence of development of bowel 
and bladder control is: 


E nocturnal bowel control 
E daytime bowel control 

E daytime urinary control 
E nocturnal urinary control. 


There are numerous causes for incontinence including 
neurological, anatomic and functional, but in children 
incontinence is most often secondary to problems at 
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the level of the bladder, bladder neck and external stri- 
ated sphincter, or any combination. 

Incontinence may be either diurnal, nocturnal, or 
both. Patients with daytime incontinence often begin 
having symptoms 3-6 months after achieving urinary 
control. Children who are not yet able to inhibit the 
voiding reflex, stay dry by voluntarily contracting 
their external sphincter during uninhibited bladder 
contractions. In many children, persistence of this 
learned behavior leads to voiding dysfunction. This 
dyssynergia between the bladder and external sphinc- 
ter results in high bladder pressures, during filling and 
emptying. These patients often void in stacatto or 
fractionated voiding patterns. Instability of the blad- 
der, increased bladder wall thickness, high postvoid 
residual volumes (PVR), and recurrent infections are 
often the sequelae of this discordance between the 
bladder and sphincter. There is a strong association 
between dysfunctional voiding and urinary tract 
infections (UTIs), as well as vesicoureteral reflux. 
More severe forms of this disorder were described as 
the non-neurogenic neurogenic bladder or the 
Hinman syndrome.” Clinical features that originally 
characterized the Hinman syndrome included wetting 
during the day as well as at night with fecal retention 
and soiling, UTI, radiologic abnormalities of the 
bladder and/or kidneys, no demonstrable neurologic 
disease or bladder outlet obstruction and improve- 
ment after re-education and suggestive therapy. In 
addition to features seen in the Hinman syndrome, 
the Ochoa syndrome is associated with an unusual 
inversion of facial expression with smiling and a 
hereditary transmission. In both the Hinman syn- 
drome and Ochoa syndrome upper tract damage may 
occur. 

Urinary frequency and small voided volumes are 
most often secondary to bladder instability that is 
either primary, or secondary to the bladder sphincter 
dysynergia. Patients with primary instability 
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(sometimes referred to as the urge syndrome) have 
bladder overactivity without any voiding phase prob- 
lems. Primary instability is commonly seen after a 
viral or bacterial infection somewhere other than the 
bladder where the bladder becomes a secondary 
target. These children experience the urge to void sev- 
eral times an hour and the symptoms resolve sponta- 
neously. 

Giggle incontinence (enuresis risoria) is the invol- 
untary loss of urine induced by laughter. The urine is 
normal and the upper tracts are not affected. Chandra 
et al reported on a large cohort of children with giggle 
incontinence, of which 95% had concomitant dys- 
functional voiding symptoms.* They concluded that 
detrusor instability contributes to the wetting. Ther- 
apy therefore should include timed voiding, anti- 
cholinergic therapy, and a bowel program. They 
reported an 89% remission rate within 10 weeks. 
Some have reported success with the use of 
methylphenidate (Ritalin) for the treatment of giggle 
incontinence. 

Enuresis is only one of many symptoms seen in the 
complex of voiding dysfunction. Others include uri- 
nary frequency, urgency, urge associated inconti- 
nence, and other lower urinary tract symptoms 
(LUTS). Additionally, many patients with voiding 
dysfunction exhibit signs and symptoms of bowel 
dysfunction. The term dysfunctional elimination syn- 
drome has been used to describe patients with blad- 
der and bowel dysfunction. 

Daytime urinary incontinence is a major source of 
concern for families and has potential to disrupt 
everyday life at home and school. Approximately 20% 
of children 4-6 years of age wet their pants, 3% wet- 
ting twice or more weekly.4 As children get older the 
incidence of enuresis declines but society is less toler- 
ant of the wetting. Pediatric urologists are second in 
line to treat children with this problem, often after 
treatment failure by the primary caregiver. Identifying 
the etiology of the symptoms helps to formulate a 
specific solution to improve the situation. It is impor- 
tant to remain minimally invasive and offer a treat- 
ment plan that is within reach of both the patient and 
the family, with minimal side effects. 


Constipation and enuresis 


Until proven otherwise, all patients with lower uri- 
nary tract disorders have constipation. Constipation is 
defined by the hard nature of the stool, the pain asso- 
ciated with its passage, or the failure to pass three 
stools per week. Voluntary withholding of feces, 


most of the time caused by fear of painful defecation, 
is the most common cause of constipation. Encopre- 
sis or fecal soiling occurs when loose stool leaks per 
rectum after passing retained harder stool. Because of 
the close proximity of the bladder to the rectum, 
impacted stool in the rectum causes instability, which 
impedes bladder filling. Patients void smaller amounts 
with greater frequency. The frequency of bowel 
movements and consistency of the stool must be 
included in the history. Parents often know the void- 
ing pattern of their children and the number of uri- 
nary and fecal accidents but have little knowledge of 
their children’s frequency of bowel movements. Fail- 
ure to diagnose and treat constipation often hinders 
the success of therapy for voiding dysfunction. 

Loening-Baucke et al correlated resolution of void- 
ing dysfunction symptoms with treatment of consti- 
pation.° Successful treatment of constipation leads to 
resolution of daytime incontinence in 89%, night- 
time incontinence in 63% and UTI in 100% of 
patients. Recommendations included reconditioning 
the child’s bowel movements with timed attempts to 
defecate, teaching proper toilet sitting positions, and 
modification of dietary habits. Initial therapy adds 
more fiber to the diet in the form of high-fiber foods, 
fiber additives, or laxatives that make bowel move- 
ments soft and easy to pass. The use of enemas, fecal 
disimpaction, and a variety of oral agents such as 
MiraLax (polyethylene glycol 3350), mineral oil, milk 
of magnesia, and sorbitol are often necessary for suc- 
cess. 

Clinicians use a variety of regimens for the initial 
clean-out, where the goal is evacuation of retained 
stool; 


1 Mineral oil alone (15-30 ml/kg/day up to 8 ounces 
once or twice daily for 3 days). 

2 Hypertonic enemas and/or suppositories daily for 
2-3 days. 

3 Polyethylene glycol 3350 (MiraLax) orally, up to 
1.5 g/kg/day to a maximum of 100 g for 3 days. 

4 An enema each day for 2 days, followed by milk of 
magnesia 1 ml/kg/dose twice daily for 3 days. 


Following the initial clean-out, a maintenance pro- 
gram helps keep the patient defecating on a regular 
basis. Stool softeners used for a prolonged period 
include: 


E milk of magnesia (1—4 ml/kg/daily) 

E mineral oil (2-6 ml/kg/daily) 

E sorbitol or lactulose (0.7-3 mg/kg/daily) 

E polyethylene glycol 3350 (0.27-1.42 mg/kg/daily). 
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Work-up 


The history is the most important component in the 
evaluation of a patient with incontinence. A thor- 
ough, systematic approach is critical in defining the 
cause and directing the treatment. The astute clinician 
can eliminate most anatomic and neurogenic causes of 
incontinence through a careful history and physical. 
The following is a list of questions routinely asked of 
patients or families of children with daytime inconti- 
nence. 


E How long has the wetting been a problem? We are 
more inclined to proceed with a full evaluation in 
a child who has been having accidents for several 
months than in one who has just recently become 
symptomatic. Acute onset of bladder instability 
often resolves spontaneously shortly after the onset 
of symptoms and does not require intervention. 

E How significant is the wetting? Does the child soak 
through clothing or simply have damp underwear? 
Many parents are only concerned when soaking is 
severe enough to require a change of clothes, and 
consider dampness as either normal or inconse- 
quential. Once children are mature enough to 
change their own clothes, parents may be less 
aware of the wetting problem. Dampness is often 
secondary to patients pulling up their garments 
before completing the voiding process. These chil- 
dren simply need coaching to encourage them to 
spend a extra few moments to empty their bladders 
before getting dressed. We instruct boys to shake 
their penis after voiding to prevent urine dripping 
into their underwear. Girls are encouraged to 
spread their legs and to pause an extra moment to 
allow for emptying of urine that pools in the 
vagina. 

E How frequently does the child void? Some parents 
complain that their children go to the bathroom 
too often. On further questioning, these children 
state that they can sit through a movie or partici- 
pate in a sporting event without going to the bath- 
room. A voiding diary for several days eliminates 
some of the confusion encountered when the 
parent’s perception of the symptoms conflicts with 
that of the child. Together, the parent and child 
record the frequency of voiding, stooling, and 
hydration. It is sometimes easier for parent and 
child to record this data over a three-day weekend 
than during the week when the child is at school. 
The normal frequency of voiding in a child is 4-7 
times per day or about every 2-3 hours. We define 
increased frequency as voiding more than 8 times 


per day or more frequently than every 1.5 hours. 
Infrequent voiding also contributes to recurrent 
bladder infections and lower urinary tract symp- 
toms seen in children. Many children void only 
2-3 times a day and often do not void upon awak- 
ening. The treatment for these children is simply a 
timed voiding schedule. 


E Where is the child most symptomatic? Some chil- 


dren are fine at school where they void at least 2-3 
times but experience urgency and accidents once 
they get home because they ignore the need to 
void while involved in other activities (watching 
television, playing with friends, playing computer 
games). Others wet at school because the teachers 
prevent the use of the bathroom. Some children 
are afraid to use public restrooms (lack of privacy, 
poor sanitary conditions, violence in the bath- 
rooms). These children usually come home from 
school wet, but are able to stay dry at home where 
they have unlimited access to the bathroom. 


E Has the child had associated UTIs? If so, we try to 


discern whether the child’s symptoms followed or 
preceded an infection. In some cases, the voiding 
pattern (high PVR volumes and/or high-pressure 
voiding with turbulent flow) precipitates the infec- 
tion. High PVR volumes correlate with the 
number of UTIs.” In others, inflammation follow- 
ing the infection results in abnormal voiding with 
wetting. Deciding who needs a voiding cys- 
tourethrogram (VCUG) to rule out vesicoureteral 
reflux is critical. Our approach has been to obtain 
a VCUG in all children with a febrile UTI and in 
all children with one or more infections while still 
in diapers. If we suspect the infection to be more 
consistent with cystitis secondary to high residual 
volumes, i.e. a 5-year-old girl with no history of 
prior infection who has symptoms consistent with 
voiding dysfunction and developed some dysuria 
with a resultant positive culture, a VCUG will not 
be obtained. This child is studied with a non-inva- 
sive flow/electromyelogram (EMG), and therapy is 
initiated to improve bladder emptying. 


E Are the accidents habitual or situational? Stress at 


home or in the school may cause daytime acci- 
dents. In the social history it is important to elicit 
events such as the death of a friend or relative, 
parental separation or divorce, recent move to a 
new neighborhood, etc. 


E Is the urinary flow pattern a continuous good uri- 


nary stream, or is it choppy and slow? Is there a 
straining pattern? Does the child feel completely 
empty after voiding? The clinician must suspect 
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anatomic conditions such as posterior urethral 
valves (PUV), meatal stenosis, and stricture disease 
when the stream is delayed or reduced. In the 
absence of anatomic conditions, detrusor sphincter 
dysynergia and primary bladder neck obstruction 
are the main culprits. 

E How much fluid does the child consume over a 24- 
hour period? Both dehydration and overhydration 
may result in abnormal patterns and occasional 
wetting. Some children minimize fluid intake in an 
attempt to reduce the frequency with which they 
void. 

E Other than incontinence, are there other LUTS? 
Many children complain of urinary urgency and 
others wet themselves without a warning or urge. 
In an attempt to stay dry, many girls either squat 
or sit on the heel of one foot (Vincent’s curtsy) or 
cross their legs. This squatting behavior is a 
unique learned response to a sudden detrusor con- 
traction and is an attempt to prevent or minimize 
urine loss. Boys sometimes grip their penis to stay 
dry. 

E What is the appearance of the urine? Does it have 
a discrete smell? Dark yellow, strong-smelling 
urine indicates a relatively dehydrated state or the 
presence of infection. Children are encouraged to 
drink more or void with greater frequency. Any 
infection should be treated with the appropriate 
antibiotic. Cranberry and cherry juice (or tablets) 
may help to prevent infection. We suspect bacter- 
ial cystitis when symptoms include dysuria, cloudy, 
foul-smelling urine, and blood or mucus is visible 
in the urine. 


A reliable symptom scoring system should provide 
accurate, objective, and scientific data that allow us to 
objectively assess treatment and follow-up of these 
patients. 

We find that the dysfunctional voiding scoring 
system questionnaire (DVSSQ) is a helpful tool used 
for diagnosing and monitoring treatment of children 
with voiding dysfunction. Doubrava et al performed 
uroflow with pelvic floor electromyography (EMG) 
and PVR measurements on 51 patients with normal 
DVSSQ scores for gender.’ The DVSSQ was able to 
predict a normal bell-shaped uroflow curve in 73% of 
patients; however, it correlated poorly with EMG 
patterns and PVR volumes. Of patients with normal 
DVSSQ, 65% had abnormal EMG patterns and there 
was poor correlation between uroflow curves and 
EMG patterns as well as between uroflow patterns 
and PVR values. 


The dysfunctional voiding symptom score 
Over the last month: 


1 I have had wet clothes or wet underwear during 
the day. 

I wet the bed at night. 

When I wet myself, my underwear is soaked. 

I do not have a bowel movement every day. 


ar WN 


I have to push for my bowel movements to come 
out. 
6 I go to the bathroom only once or twice a day. 
7 I can hold onto my pee by crossing my legs, 
squatting, or doing the ‘pee dance’. 
8 When I have to pee, I cannot wait. 
9 Ihave to push to pee. 
10 When I pee it hurts. 


Questions for parents to answer: Has your child 
experienced any of the following in the past year: new 
baby, new home, new school, school problems, abuse 
(sexual/physical), divorce/death, special events (birth- 
day), accident, injury, any other stressful event? 

Questionnaires are a practical method for measur- 
ing the magnitude of incontinence, and many exist for 
evaluating and following children with incontinence. 
Most take just a few moments to complete and aug- 
ment the evaluation of children with daytime wetting. 
Use of a questionnaire helps prevent omission of parts 
of the voiding history. Sureshkumar et al developed a 
daytime urinary incontinence questionnaire using 
parent-reported data and demonstrated that it is 
reproducible.? The questionnaire was used in a preva- 
lence survey of Australian primary school children to 
determine the magnitude of incontinence in those 
starting school. Farhat et al evaluates the performance 
of another instrument to quantify or grade the sever- 
ity of abnormal voiding behaviors in children.!? In 
this system, 10 voiding dysfunction parameters were 
used to assign a score of 0-3, according to prevalence; 
i.e. scores ranged from 0 to 30. These questionnaires 
and others help to identify patients with dysfunctional 
voiding and further direct their investigative studies 
and treatment. 


Examination 


Special attention to the evaluation of the abdomen, 
genitalia, and back is imperative in the evaluation of 
children with incontinence. Inspection of the lower 
back for evidence of skin discoloration, dimples, hair 
patches, subcutaneous lipomas, or spine defects may 
indicate the presence of an underlying spinal dys- 
raphism. Asymmetry of the buttocks or motor tone of 
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the buttocks may also indicate the presence of neuro- 
logic disease. An absent or asymmetrical gluteal cleft 
suggests sacral agenesis. The neurologic examination 
includes careful attention to the lower extremities, 
including strength, sensation, reflexes, and assessment 
of gait. If a neurologic cause is suspected, strong con- 
sideration must be given to obtaining a magnetic reso- 
nance imaging (MRI) scan of the lumbosacral spine or 
requesting a full neurologic consultation. Patients with 
abnormalities such as tethered cord or lipomas often 
require neurosurgical intervention. Many patients with 
spina bifida occulta and a normal spinal cord will expe- 
rience resolution of their enuresis with conservative 
management. Ritchey et al compared outcomes for 
enuretic children with spina bifida occulta to enuretic 
children with normal spine X-rays.!! The majority of 
patients in both groups had resolution of the enuresis 
with conservative management and only a small per- 
centage of children with spina bifida occulta required 
neurosurgical intervention. 

Examination of the external genitalia may reveal the 
source of the problem. Boys with significant meatal 
stenosis may present with LUTS: mainly a decreased, 
often deflected stream, urinary hesitancy, and inconti- 
nence. Observation of the urinary stream and 
uroflowmetry may help assess the severity of meatal 
stenosis. Girls with labial fusion may present with 
LUTS, including dysuria, dribbling, and inconti- 
nence. Examination of the vaginal introitus may 
reveal a ureterocele or an ectopic ureter. Girls with 
continuous incontinence between normal voids may 
have an ectopic ureter. Rashes on the genital area or 
inner thighs may indicate constant exposure of the 
skin to urine and suggest constant drainage that may 
be due to an ectopic ureter. Girls with vaginal voiding 
often present with labiovulvar erythema and/or leuk- 
orrhea that may cause burning and itching. Chronic 
urine irritation leads to urea burns secondary to the 
action of skin bacteria on the urine. 

When examining the child, it is important to 
inspect the child’s undergarments. Some parents 
believe their child is always wet, and yet when the 
child is examined, their clothing is dry. When asked 
to explain this inconsistency, the parents often state 
that the child knew he or she was going to the 
doctor and voided several times that day. This is 
proof to both the child and parents that by going to 
the bathroom of regular intervals he or she can stay 
dry. Fecal stains suggest the presence of constipation 
or encopresis. 

A urinalysis is obtained in all patients looking for 
infection, proteinuria, or glycosuria and if positive, a 


specimen is sent for culture and sensitivity. Cather- 
ized urines greatly improve the specifity of the culture 
and eliminate treatment for and further investigation 
of a UTI. 

Uroflowmetry, because of its non-invasive nature, 
is the perfect instrument for revealing voiding disor- 
ders in pediatric patients.!2 We have the children void 
when they have a ‘normal’ desire to go. We measure 
peak flow rate, average flow rate, amount voided, and 
assess the shape of the curve. Voided amounts affect 
the peak and average flow rates. Patients with signifi- 
cant instability void very small amounts and this can 
underestimate their true flow rates. 

Simultaneous measurement of uroflow rates and 
pelvic floor EMG tracings (flow/EMG) have been 
incorporated into the initial assessment of almost 
every patient we evaluate for daytime incontinence 
and bladder—kidney infections. The normal, coordi- 
nated flow curve is even and bell-shaped in the 
absence of pelvic floor activity (Figure 54.1). In con- 
trast, a void with simultaneous pelvic floor contrac- 
tion results in a ragged curve shape, the so-called 
staccato, interrupted, or irregular curve.!’ EMG stud- 
ies typically show increased activity during voiding, 
instead of the expected relaxation (Figure 54.2). Non- 
invasive flow/EMGs can be performed regularly to 
monitor the child’s response to therapy. 

A bladder ultrasound is obtained to document 
PVR volumes and record bladder wall thickness 
and/or distal ureteral dilatation. When hydronephro- 
sis is seen on prevoid images, resolution, improve- 
ment, or no change in the hydronephrosis is 
documented after the child voids. The upper tracts are 
usually normal in patients with voiding dysfunction 
and a renal sonogram is a quick, non-invasive, inex- 
pensive screening tool to rule out other genitourinary 
anatomic anomalies. 

Cystography is utilized to detect reflux in a child 
with a UTI. In addition to assessing grade and later- 
ality, cystography provides information about bladder 
configuration, PVR volumes and urethral anatomy. 
Causes of bladder outlet obstruction such as PUV, 
urethral stricture and detrusor-sphincter dyssynergia, 
are clearly seen. Bladder instability can be detected 
when at least one of three well-defined radiologic 
signs are detected: bladder wall irregularity, elonga- 
tion of bladder shape, and filling of the posterior ure- 
thra. The chances of identifying these signs are 
greatest if fluoroscopy captures images when unstable 
contractions occur. Opening of the bladder neck with 
variable degrees of filling of the posterior urethra is 
due to detrusor contraction, opening of the bladder 
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Figure 54.1 Normal voiding pattern. Electromyography (EMG) lag time of 4 seconds. Complete relaxation of pelvic 
floor muscles with voiding. Normal bell-shaped uroflow curve. Vura = volume of voided urine, Qura = urine flow, 
ST = start/stop, LT = lag time, VB = voiding begins, MF = maximum flow, VE = voiding ends. 


neck, and simultaneous contraction of the external 
sphincter. Passerini-Glazel et al considered this 
process a typical and constant sign of bladder insta- 
bility. 14 

Combs et al reported on the utility of pelvic floor 
EMG lag time in identifying children with detrusor 
instability.!> Pelvic floor EMG lag time is the time 
interval between pelvic floor relaxation on pelvic floor 
EMG and the start of flow. Pelvic floor relaxation 
occurs 1—4 s prior to the start of a voluntary detrusor 
contraction and the start of flow. Urine flow that 
occurs instantaneously with or before relaxation of 
the pelvic floor indicates instability (Figure 54.3). 
Urodynamics confirms the presence of instability in 
all patients with a lag time that approaches zero or is 
in the negative range. 

Kakizaki et al measured the internal diameter of the 
external urethral sphincter on VCUG in children with 
and without suspected voiding dysfunction to evalu- 
ate its diagnostic accuracy as a predictor of detru- 


sor-sphincter incoordination.® A diameter <3 mm 
had satisfactory sensitivity and specificity for detecting 
detrusor—-sphincter incoordination. 

We have substituted video-urodynamics (VUDS) 
for the voiding cystourethrogram (VCUG) in 
patients being evaluated for febrile UTIs and associ- 
ated LUTS and in patients not responding to con- 
ventional therapy. The advantages of VUDS are its 
ability to assess detrusor pressures during filling and 
emptying, monitor EMG activity of the pelvic floor 
and limit radiation exposure. Monitoring bladder 
pressure allows us to limit the use of fluoroscopy. We 
obtain images at the start of the study, two-three 
times during filling (usually at 25%, 50%, and 75% 
of expected capacity for age), and when unstable blad- 
der activity on cystometry is seen. We then image 
during voiding and obtain a single image after com- 
pletion of voiding to document PVR. In the presence 
of reflux, a 5 minute delayed KUB is obtained to doc- 
ument drainage of the upper tract. 
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Figure 54.2 Type 1 dysfunctional voiding pattern. Per- 
sistent activity (non-relaxation) of pelvic floor muscles 
during voiding with a staccato uroflow curve. 


Primary bladder neck dysfunction (PBND), PUV, 
urethral stricture and meatal stenosis are considered in 
boys with poor uroflow rates despite a relaxed pelvic 
floor. VUDS is obtained in these children to further 
define their problem. 

Children with symptoms of bladder neck dysfunc- 
tion exhibit narrowing at the bladder neck in addition 
to high voiding pressures and low flow rates with an 
obstructive pattern. Some children are able to main- 
tain high enough voiding pressures to achieve normal 
flow rates. Studies typically show detrusor instability 
and high voiding pressures. In patients with a long 
history of LUTS, we may see impaired compliance 
and/or inefficient detrusor contractions. Urinary flow 
is often intermittent and there is often a prolonged 
opening time, which we define as the time between 
the start of a contraction and the start of urine flow. 
Pelvic floor EMG lag time correlates with the open- 
ing time seen on VUDS.!” Prolonged pelvic floor 
EMG lag time associated with abnormal uroflowme- 
try is highly suggestive of PBND (Figure 54.4). 


There may be a disparity between peak pressure and 
peak flow. 


Treatment options 


The first step is to ask the child to void on a timed 
schedule. We instruct children to void every 2-3 
hours during the day even if they do not have the 
urge. A multiple alarm watch is a helpful novelty to 
remind a child to go to the bathroom. We send a 
letter to school requesting permission for the child to 
use the bathroom every 3 hours. Timed voiding 
requires a great deal of cooperation from parents, 
teachers, and children. In addition to timed voiding, 
the child must spend at least 30 s to 1 minute void- 
ing, and must relax to ensure efficient emptying. 
Rewards (stickers, gold stars, etc.) are given each time 
the child performs satisfactorily. We urge girls to pull 
their pants/skirts down to their ankles and sit with 
their legs apart. Commercial and domestic toilets are 
designed for adults, not for children. It is difficult for 
a child to void with a relaxed pelvic floor when sitting 
on a toilet that they are nervous about falling 
through. Vaginal voiding causes postvoid dribbling 
because the urine that enters the lower vagina leaks 
into the underwear when they stand up. Toilet seat 
adaptors and footstools should be available at both 
home and school. We instruct girls to sit backwards 
on the toilet (straddling the toilet seat) to help relax 
the pelvic floor muscles. 

Patients with LUTS sometimes require drug ther- 
apy in addition to timed voiding. Patients with severe 
frequency and/or urgency often report little change 
with timed voiding alone. Anticholinergics act by 
blocking the muscarinic receptors on the detrusor 
muscle, which are stimulated by acetylcholine released 
from activated cholinergic (parasympathetic) nerves. 
Anticholinergic medications act mainly during blad- 
der filling by decreasing urge and increasing bladder 
capacity. In the dose range needed for beneficial effect 
in the overactive bladder, there is little evidence for a 
significant reduction of the voiding contraction 
during bladder emptying.!® Ditropan (oxybutynin) is 
a potent anticholinergic agent with strong indepen- 
dent smooth muscle antispasmodic activity at a site 
distal to the cholinergic receptor. In young children 
who cannot swallow pills, we initiate treatment with 
oxybutynin suspension 2-3 times/day. Children who 
can swallow pills are treated with the extended-release 
oxybutynin (Ditropan XL) once a day. Patients on 
oxybutynin experience a decrease in the frequency and 
intensity of uninhibited bladder contractions. 
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Figure 54.3 Type 2 dysfunctional voiding pattern (bladder instability). No lag time noted, which indicates initiation 
of flow prior to relaxation of pelvic floor muscle activity. For symbols, see caption to Figure 54.1. 


Uroflow/EMG/Video #1 gmg 
Aoa’. a a 
Vura 400 J 2 uiga 
(ml) 2004 o le. 
J ola. 
0 D 
50 aplan 
40 4 
Qura 3304 
ml/s J 
S gay 
A 3 oe eh ale. h it 
eee 
250 | 
200 4 
Ewa HeG ies Mk at, all cits Go dG. Webs @ macs Gall s-ve deh enh bony ee 
V ae Sue de Bu em e e Pech hae don Sk e a Be o a i 
a (hee ee eee eee en ae eee ee ee ee 
50 ee. Sarena” aes | | 
0 
Machete ee eo aa Se stad. Gp. Scene Ge ea arts’ By Gs oe Gee Be 
| | TEMG lag time of 135 ` Se Als oe eae ot te E 


LT VB MF VE 


Figure 54.4 Bladder neck dysfunction. Lag time of 10 s (normal lag time = 2-4 s). Complete relaxation of pelvic floor 
muscles with voiding. 
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Reported side effects are more common in the 
summer months and include dry mouth and flushing. 
Oxybutynin decreases the body’s natural ability to 
sweat, which can cause overheating in the very active 
child in extreme climates. Other side effects are dizzi- 
ness, blurred vision, drowsiness and non-specific 
abdominal pain (cramping). The medication is more 
effective on an empty stomach, so we instruct the 
child to take oxybutynin either 30 minutes before or 
1 hour after a meal. Severe frequency in the absence 
of burning, dysuria or incontinence is often self-limit- 
ing and can last for many months. 

Wiener et al reported on long-term efficacy of 
simple behavioral therapy for daytime wetting in chil- 
dren.!? Formalized management of bowel elimination 
was not included. There was improvement in daytime 
urinary control in 59.4% of patients, at a mean of 4.7 
years after completion of therapy. Frequency and 
urgency demonstrated long-term improvement in 
51% and 46% of patients, respectively. Assessment of 
symptoms during the first year after therapy revealed 
similar results, with 73% reporting improvement at 
12 months. Behavioral therapy may lose some efficacy 
with time if return visits are not made to reinforce 
therapeutic interventions. It was concluded that 
simple behavioral therapy without biofeedback 
should be the first-line therapy for children with day- 
time incontinence. 

Biofeedback is the use of modern instrumentation 
to provide better moment-to-moment information 
about a specific physiologic process that is under the 
control of the central nervous system but not clearly 
or accurately perceived. With biofeedback, patients 
can be made aware of and gain control over certain 
bodily functions. Biofeedback therapy is very success- 
ful in the treatment of voiding dysfunction and can be 
used alone or in combination with other treatment 
modalities discussed in this chapter. Biofeedback 
teaches the patient how to relax the pelvic floor 
muscles during voiding, thereby improving flow 
parameters and decreasing PVR volumes. To learn 
how to isolate the pelvic floor muscles, patients need 
to be both attentive and motivated. The success of 
biofeedback depends on patient and parent compli- 
ance and careful patient selection. Few patients are 
cured with a single session of biofeedback. Most 
require several sessions, the number being determined 
by improvement using clinical and urodynamic 
criteria. Each session starts with a review of the prior 
session, a review of symptoms with special emphasis 
on improvement or deterioration of LUTS and 
incontinence, and a review of current medications. 


Biofeedback is time-consuming for clinicians, 
children, and families, which may lead to problems 
with compliance. 

Nelson et al reported on the use of biofeedback in 
81 patients with voiding dysfunction in whom con- 
servative management failed.?? Of 73 patients with 
incontinence, 30% became dry, 49% improved, and 
21% had no change after biofeedback. Recurrent 
UTIs resolved in 78% of patients. Non-invasive uro- 
dynamics after therapy showed a significant increase 
in maximum and average flow rate and a significant 
decrease in PVR volumes. Children were taught to 
void with a more normal flow pattern and greater 
voiding efficiency even in the absence of improving 
continence. 

Herndon et al reviewed their experience with a 
conservative medical program and computer-assisted 
pelvic floor muscle retraining in patients with voiding 
dysfunction.”! Patient compliance with the program 
was reported at 95% and subjective improvement was 
seen in 87% of the group. Predictors of failure 
included bladder capacity <60% of predicted volume 
and patient non-compliance. With adding medica- 
tions, 83% of the non-responders improved. 

Different methods of direct sacral nerve stimulation 
have been used to treat refractory lower urinary tract 
dysfunction in adults. The invasive nature of this pro- 
cedure precludes it from use in children. In contrast, 
genital, anal, intravesical, and percutaneous tibial 
stimulation have been reported in children. However, 
these techniques require either genital manipulation, 
placement of an anal probe, bladder catheterization, 
or needle insertion, all considered somewhat invasive 
in children. De Gennaro reported on percutaneous 
tibial nerve stimulation in children and found it to be 
minimally invasive and feasible in children.?? There 
was improvement in micturition symptoms, inconti- 
nence, flow rates, and PVRs with no adverse effects. 

PBND is a new entity that has received much atten- 
tion in the past few years. We define it using VUDS, 
by the constellation of prolonged opening time, 
incomplete bladder neck funneling, quiet pelvic floor 
EMG during voiding, and abnormal pressure flow 
parameters. As mentioned earlier, the diagnosis can 
be made with non-invasive uroflowmetry combined 
with pelvic floor EMG. 

Clinicians now use o.,-adrenergic receptor-blocker 
(a,-ANRB) therapy with greater frequency in 
patients with voiding dysfunction. Austin et al were 
one of the first groups to investigate the role of œ 
blockers for the management of incomplete bladder 


emptying in children.?3 They looked at 17 children 
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with documented poor emptying as a result of various 
etiologies, including both neurogenic and non-neuro- 
genic causes. With the use of an o,-ANRB, bladder 
symptoms and/or emptying improved in 82% of 
patients and was well tolerated by most. Because of 
this success, they looked at a larger group of 55 
patients with voiding dysfunction and poor bladder 
emptying.*+ There was an 88% reduction in the pre- 
treatment PVR volume, with only 3 patients showing 
no change in PVR. There was improvement in diur- 
nal continence in 83% of patients and urgency in 
70%. They concluded that selective «,-ANRB ther- 
apy might be used as either replacement for, or in 
addition to, biofeedback in patients with significant 
PVR volumes. At this time, œ blockers have yet to be 
Food and Drug Administration (FDA) approved and 
are used off label. 

Yucel et al compared the efficacy of biofeedback 
and o,-ANRB therapy in children with PVR who 
had symptoms of incontinence, urgency, and UTIs.”* 
There was no statistical difference between the two 
arms (p >0.05) when looking at post-treatment 
reduction in PVR as the endpoint. Combined treat- 
ment of biofeedback and o,-ANRB helped 83% of 
the children with refractory high PVR treated with 
either biofeedback or o-blocker therapy alone. Chil- 
dren with PBND respond well to «,-ANRB. Dono- 
hoe et al used o,-ANRB to treat 26 patients with 
PBND.?¢ With o.,-ANRB, average and maximum 
flow rates improved from 5.5 to 12.6 ml/s and from 
10.3 to 19.7 ml/s, respectively. PVR volumes 
decreased from 98.9 to 8.9ml (p <0.001). No 
patient experienced any major adverse side effects. 

Diet can have a profound effect on voiding pat- 
terns, and dietary changes can alleviate symptoms 
associated with bladder dysfunction. Avoiding the “4 
C’s’ (caffeine, chocolate, carbonated beverages, and 
citrus beverages) is an integral part of therapy, as they 
are known to cause urgency, frequency, and/or incon- 
tinence. 

Clean intermittent catheterization (CIC) is a last 
option in a subset of patients that do not respond to 
standard treatment modalities. Alpert et al reported 
their experience with 20 patients requiring CIC.” 
CIC was an easy technique for 80% of the children to 
learn in a single visit and master in a short period. If 
necessary, CIC is used as a temporary measure until 
the patients learn to void correctly. If all these modal- 
ities fail, surgical intervention may be necessary. Aug- 
mentation cystoplasty with CIC provides a 
large-capacity, low-pressure, compliant bladder that 
allows for preservation of renal function and urinary 


continence. However, this is a long haul for a prob- 
lem with no neurologic or anatomic etiology. 

There are numerous approaches for the treatment 
of urinary incontinence in children. The aggressive- 
ness of evaluation and intervention usually depend on 
the age of the patient, the chronicity of the problem, 
and other associated issues such as recurrent infec- 
tions. A systematic review of randomized controlled 
trials led to the conclusion that there is a lack of proof 
for optimal treatment of pediatric incontinence.® 
Historically, antimuscarinic drugs have been the first 
line of treatment for urinary urgency, frequency, and 
urge-associated incontinence. Although they are asso- 
ciated with side effects that limit their use in some 
children, these drugs have undisputed effectiveness 
for the small numbers of children with overactive 
bladder that fail urotherapy. Children tolerate these 
medications better with the newer extended formula- 
tions. We sometimes use them in combination with 
other treatment modalities, including o,-ANRBs, 
antibiotics, and bladder and bowel retraining. Newer, 
once daily, M, selective receptor antagonist agents are 
now available for the treatment of overactive bladder: 
with greater affinity for the M, receptors than the M, 
and M, receptors, there is less theoretical risk of cen- 
tral nervous system and cardiac side effects. The use of 
botulinum types A and B toxin injections into the 
detrusor muscle has been studied extensively for the 
treatment of incontinence from neurogenic causes. 
These treatments are safe, minimally invasive, and can 
be injected repeatedly, but to date have had no role in 
the treatment of non-neurogenic voiding disorders. 


Summary 


Voiding dysfunction is a common childhood problem. 
Use of a checklist for both the history and physical 
examination is highly recommended. Patience, dili- 
gence, and consistency are critical in the evaluation of 
these patients. Most children will respond to simple 
measures such as timed voiding and relaxation tech- 
niques to facilitate bladder emptying. In a select popu- 
lation of patients in whom single-modality therapy fails, 
we advise multiple-modality therapy, including timed 
voiding, biofeedback, and medications. In our experi- 
ence, we treat almost all children successfully with com- 
bination therapy, frequently with no medication. The 
objective improvements we aim for are a decrease in 
PVR volumes, increased uroflow rates, and normaliza- 
tion of EMG patterns. Effective treatment also helps 
control the secondary complications of reflux, UTIs, 
and, in extreme cases, urinary tract deterioration. 
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Nocturnal enuresis 


One of the most common urologic complaints in chil- 
dren is nocturnal enuresis (NE). Most children 
achieve night-time continence by 5 years old. The sig- 
nificance of NE is dependent upon the patient’s age, 
the parents’ and child’s expectations, and the child’s 
social situation. 

Our understanding of the pathophysiology of NE 
has progressed greatly in recent years and we now 
know the disorder to be heterogeneous and genetically 
complex in nature. Abnormalities in nocturnal urine 
production, bladder reservoir function, arousability, 
molecular genetics, or a combination of these may be 
responsible for night-time wetting. This new under- 
standing of NE has had enormous impact on both the 
diagnosis and treatment of the disorder. Nevertheless, 
we have much to learn and many controversies remain. 


Definitions 


In accordance with the International Children’s Con- 
tinence Society recommendations, we use the term 
primary nocturnal enuresis (PNE) to describe bed- 
wetting in a child who has never had a dry period of 
>6 months. A child with secondary nocturnal enure- 
sis is one that wets the bed but had previously been 
dry for at least 6 months prior.?? Monosymptomatic 
nocturnal enuresis (MNE) describes bedwetting in 
children with no daytime urinary symptoms to sug- 
gest an underlying voiding dysfunction. Non-mono- 
symptomatic or polysymptomatic nocturnal enuresis 
is used to describe nocturnal enuresis associated with 
bladder overactivity.?° 


Epidemiology 


The overall prevalence of NE declines with age. By 
the age of 4 years, 20-25% of children frequently wet 
the bed. This decreases to 5-10% by the age of 7 31-34 
Fourteen percent of children between the ages of 5 
and 9 years and 16% between 10 and 19 years will 
stop wetting the bed annually.*° In this longitudinal 
cohort study, the authors followed 92% of 1129 chil- 
dren born in 1 year for 6 years, with PNE remission 
rates of approximately 15% per year”? 

Although spontaneous cure occurs throughout 
childhood and adolescence, the problem may persist 
in 0.5-3% of the adult population.3°-9? 

Although PNE is more common in young boys, by 
adolescence the incidence in males is equivalent to 
that in females.4° The prevalence of NE is similar 
throughout the world. 


Psychological impact 


PNE may have a profound psychological and social 
impact on children and their families: enuresis may 
affect a child’s normal activities and development; 
this, in turn, may affect the child’s family.4!+% There 
is some controversy regarding how enuresis affects 
self-esteem. A recent review concluded that there is 
no evidence that bedwetting leads to lower self- 
esteem.*? Conversely, some studies have shown that 
children with NE have worse self-esteem and signifi- 
cantly more behavioral and psychological problems 
such as anxiety, depression, aggressiveness, and atten- 
tion-deficit disorder when compared with normal 
age-matched non-enuretic patients.4!~4% After a suc- 
cessful cure, abnormal behavioral and psychological 
problems improve in some studies, possibly indicat- 
ing that the problems are a result of the NE and not 
vice versa.4%4445 Surely, attaining dryness will not 
negatively impact a child’s self-esteem. The child’s age 
itself may change his/her attitude towards enuresis. 
Butler reported that younger children focus on the 
immediate consequences of enuresis, whereas older 
children are more likely to be affected by the social 
and emotional aspects of the condition.* Interest- 
ingly, comorbid psychiatric disorders are present in 
up to 75% of secondary nocturnal enuretics.4147 At 
least 46% of parents have some concern about NE, 
whereas 17% worry a great deal.*4+48 

Ina study by Haque et al 1981, the mean anticipated 
age of dryness according to parents was 3.18 years. 
When asked for possible causes for their child’s NE, 
parents believed that emotional problems (35.5%), 
heavy sleeping (38.2%), physical problems (21.4%), 
familial problems (28.9%), and small bladders 
(10.7%) may be responsible for their child’s wetness.*? 

NE may also lead to punishment. Some mothers 
believe that their child is wetting on purpose and 
choose not to treat their children and may even 
punish them.*® The reported rates of punishment in 
the 1980s were 37% in the UK and 35.8% in the 
United States. 


Etiology 


Family studies have repeatedly demonstrated high 
rates of relatives affected by enuresis. The risk for a 
child to be enuretic is 40% if one parent and 70% if 
both parents had been enuretic.°° Early studies 
reported that 32% of fathers and 23.9% of mothers of 
children with enuresis were enuretic as children.>! 
Based on twin studies, the most common mode of 
transmission is autosomal dominant with high (90%) 
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penetrance.” Additionally, about 45% of patients with 
NE were found to have an autosomal dominant mode 
of inheritance.°* Linkage analyses have been used in 
the study of NE and several loci have been identified; 
however, there is no clear association of any of the loci 
with any particular type of enuresis.°+°5 


Pathophysiology of nocturnal enuresis 


One or more of several pathophysiologic mechanisms 
may cause NE. 


Nocturnal polyuria 


In two studies, Rittig and colleagues and Norgaard et 
al demonstrated abnormalities in the circadian 
rhythm of antidiuretic hormone (ADH) secretion in 
bedwetters.5©8 In these children, urine production 
during sleep exceeds bladder capacity, 5582? Children 
with NE associated with nocturnal polyuria will often 
wet in large quantities soon after going to sleep. 
However, nocturnal urine production may vary con- 
siderably from night to night, and urine volume is sig- 
nificantly larger on wet nights compared with dry 
nights in enuretics.©? Therefore, nocturnal polyuria is 
best evaluated during nights when enuresis is experi- 
enced. 

Based on the abnormalities in diurnal ADH pro- 
duction, desmopressin was introduced for the treat- 
ment of PNE. Response rates using desmopressin of 
approximately 70% have been reported by various 
studies.5864 Other factors that may also contribute to 
excessive nocturnal urine production are under inves- 
tigation. These include an increase in the nocturnal 
release of other hormones that regulate solute excre- 
tion: e.g. angiotensin II, aldosterone, and atrial natri- 
uretic peptide. Abnormalities of renal function may 
also contribute to PNE. A study examining renal 
function in enuretic children found decreases in free 
water and solute reabsorption in the thick ascending 
limb of Henle’s loop." Hypercalciuria, prostaglandin 
production, aquaporin II dysfunction, and sleep 
apnea may also play a role in the pathophysiology of 
nocturnal enuresis. 65-68 

Nocturnal urine production is approximately 50% 
of daytime production in early childhood.® This 
decrease in urine production is controlled by 
decreases in free water excretion secondary to noctur- 
nal increases in the release of ADH and/or decreases 
in solute excretion related to the release of angiotensin 
II and aldosterone.>”° 

Children with NE and increased nocturnal urine 
output generally have normal functional bladder 


capacity and a favorable response to treatment with 
desmopressin (DDAVP).”! 


Impairment in sleep arousal response 


Problems with arousal must exist in order for a child 
to wet the bed. Enuretic children have poor arous- 
ability in response to acoustic stimuli, and specific 
brainstem dysfunction has been suggested.7273 In 
Wolfish’s study, acoustic stimuli of up to 120 dB were 
successful in waking 39.7% of the control group and 
only 9.3% of enuretic patients. Enuretic boys are 
more difficult to arouse than age-matched controls. 


Bladder dysfunction 


Small functional bladder capacity and detrusor over- 
activity may play an important role in the pathophys- 
iology of nocturnal enuresis. 63-7477 Despite normal 
daytime voiding, approximately 30% of enuretic 
patients studied with simultaneous sleep electroen- 
cephalogram and cystometric monitoring had detru- 
sor instability while sleeping at night. 78 In studies by 
Yeung et al”° and Oredsson et al,°? a majority of 
enuretic patients with symptoms refractory to treat- 
ment were found to have a small functional bladder 
capacity. When the results of cystometric studies 
obtained during the daytime were compared with 
those obtained during sleep, enuretic patients were 
categorized into two groups. The first group of 
patients had normal urodynamics and bladder capac- 
ity during daytime and marked detrusor instability, 
diminished nocturnal functional bladder capacity, and 
small volume voiding only after sleep at night. The 
second group of patients had abnormal daytime uro- 
dynamics associated with various types of occult 
underlying bladder dysfunctions and significantly 
reduced functional bladder capacity and small volume 
voids both day and night.”677 Additionally, up to 
70% of adult patients with persistent PNE have been 
found to have detrusor instability and reduced func- 
tional bladder capacity.” 

The incidence of significant anatomic and func- 
tional bladder abnormalities is low in primary MNE; 
however, patients with severe, treatment resistant 
enuresis and adults with new-onset NE may have an 
underlying abnormality that should be thoroughly 
investigated.”677,80 


Evaluation 


To properly manage a child with PNE, one must 
determine possible causes for the condition. Is the 
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bedwetting a result of nocturnal polyuria (increased 
nocturnal urine production during sleep) or is it 
caused by a reduction in nocturnal functional bladder 
capacity? Although a good voiding history may iden- 
tify these occult abnormalities, it is often after a failed 
course of desmopressin that the clinician becomes 
suspicious that nocturnal polyuria may not be the 
cause. These children will often improve with combi- 
nation therapy such as enuretic alarm, urotherapy, 
and antimuscarinic agents, and/or desmopressin. 

To avoid a delay in effective treatment, patients 
should have a detailed history and physical examina- 
tion. A voiding diary is often useful. Occasionally, 
ultrasonography, uroflow, and even urodynamic stud- 
ies may be indicated. 


History 


A careful history should include questions to help 
determine whether the enuresis is primary or sec- 
ondary. The number and time at which night-time 
wetting occurs should be noted. Every effort should 
be made to rule out the possibility of an underlying 
voiding dysfunction. Clinicians should ask questions 
regarding daytime incontinence, urgency, frequency, 
posturing, infrequent voiding, and difficulties void- 
ing. Additionally, questions not directly related to 
voiding include questions about fluid consumption, 
sleep habits, bowel habits, and clumsiness. 

The answers to these questions may be useful in 
determining whether the NE is due to nocturnal 
polyuria or a diminished functional capacity. With 
careful questioning, and validated questionnaires, one 
can identify daytime voiding symptoms if present and 
appropriately adjust the treatment plan. 


Voiding diary/frequency volume chart 


It is difficult for most parents and children to answer 
questions regarding the number of episodes of noctur- 
nal enuresis per week, to assess urinary frequency accu- 
rately, and to estimate voided volumes precisely. Hence, 
a voiding diary or frequency volume chart is extremely 
useful. Despite day-to-day variation, a voiding diary is 
an important tool in helping to determine the etiology 
of the NE, devising a treatment plan, and monitoring 
response to treatment. Optimally, a voiding diary 
should include a record of the child’s fluid intake and 
urine output. Clinicians should also record the fre- 
quency and volume voided during the enuretic episode. 
Although debated as to clinical relevance, the functional 
bladder capacity is assumed to be the volume of the 
largest single void that occurs overnight.®! 


After analyzing various studies, Hjalmas and col- 
leagues recommend a 2-day 3-night voiding 
record.°?81,82 Because volumes of urine produced and 
storage capacity may vary from day to day, they sug- 
gest that a uroflow with measurements of PVR may 
be helpful to screen for dysfunction voiding.*! 

In children with secondary enuresis, a social and 
psychological history becomes important. Various 
factors may affect a child’s voiding habits, including 
the family situation, the school environment, and 
other changes in the child’s daily way of life. It is 
important to discuss the family’s response to the 
child’s enuresis. Children may feel punished by having 
to wear pull-ups. Siblings and other family members 
may ridicule them, further worsening the child’s self- 
esteem.®! 

When children have extended periods of dryness, 
both parents and professionals should congratulate 
them. After a successful dry night, the child and par- 
ents will be encouraged. Not only does the child feel 
better for not wetting but also it becomes apparent to 
the parents that this is a condition that the child will 
outgrow. Parents are reassured that anatomic prob- 
lems are unlikely to be the cause of the enuresis. 

A thorough sleep history should be taken and it 
should be noted how much the child is sleeping when 
compared with other children of the same age.*? 
Obstructive sleep apnea may contribute to the child’s 
NE. Parents should be asked if the child snores, is a 
mouth breather, or has restless sleep. Teachers may 
have noted morning tiredness. 


Non-monosymptomatic nocturnal enuresis 


Hjalmas and colleagues describe complex bedwetting 
as non-monosymptomatic bedwetting.®! These chil- 
dren have nocturnal enuresis that is refractory to ther- 
apy or is the result of anatomic or neurologic 
abnormalities. Here the challenge is to identify uro- 
logic causes for the wetting. As previously described, 
a thorough history aids this search. If dysfunctional 
storage or voiding is identified, the cause for the 
refractory night-time wetting may become treatable. 

Further evaluations, including uroflow examina- 
tions, urodynamics, and radiographic evaluation of 
the upper tracts, often become necessary. 


Physical examination 


Anatomic and behavioral causes for enuresis may be 
eliminated with a thorough physical examination. 
When the child enters the examination room, the 
behavior and gait should be recorded. Possible signs 
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of neuropathic voiding dysfunction include abnormal 
gait, spinal deformities, and foot abnormalities, 
including asymmetry, high arched feet, or hammer 
toes. Physical signs of occult spinal abnormalities such 
as dimples, tufts of hair, skin discoloration, lipoma, 
asymmetrical buttocks, and gluteal clefts are also 
important. Clinicians should also assess anal sphincter 
tone and perineal sensation and reflexes. 

The clinician should then palpate the abdomen to 
identify a distended bladder and stool. If stool is pal- 
pated, the possibility of dysfunctional elimination 
syndrome should be considered.*4 

In boys, a genital examination may reveal an abnor- 
mal meatus, e.g. stenotic, hypospadiac, or epispadiac. 
The significance of these meatal abnormalities can be 
assessed with a voiding history. If the significance of 
the anomalies remains unclear, the clinician may 
decide to objectively measure uroflow. 

Abnormalities of the female perineum that may 
contribute to abnormal voiding include the presence 
of labial adhesions, a urogenital sinus, ectopic ureteral 
orifices, or a hypospadiac urethral meatus. Some of 
these conditions may lead to dysfunctional voiding in 
girls.85 Both girls and boys should be carefully exam- 


ined for signs of sexual abuse. 8-87 


Laboratory tests 


For a healthy child with monosymptomatic NE, lab- 
oratory tests rarely contribute to the evaluation and 
treatment of the condition. A urinalysis and urine cul- 
ture may be considered to screen for UTI, diabetes 
mellitus, and diabetes insipidus. 


Urodynamics and imaging 


Urodynamic evaluation and upper tract imaging are 
necessary where there is a suspicion of neurological 
dysfunction or in a severely refractory patient. 


Treatment 


The clinician can develop a sound treatment plan only 
after carefully reviewing the child’s history and physi- 
cal examination. One must answer the following 
questions before treating the patient: 


E Is an underlying voiding dysfunction present? 

E Is bedwetting the only complaint? 

E If the condition is truly monosymptomatic NE, 
does the child have increased nocturnal urine pro- 
duction (nocturnal polyuria) or a small functional 
bladder capacity? 


The treatment of enuresis is based on its etiol- 
ogy,©88 and tailored to the individual child’s needs. 


Starting out 


Before initiating therapy with an alarm or a medica- 
tion, the clinician should review some basic guidelines 
with the child and parents. Educating the child about 
the problem will help compliance and promote suc- 
cess.8? These guidelines include encouraging regular 
daytime voiding schedules, avoiding the intake of 
excessive food or fluid intake for several hours before 
bed, emptying the bladder before bedtime, and 
encouraging the child to get adequate amounts of 
sleep.”*83 A low calcium and sodium dietary content 
of the afternoon and evening meals may also be 
useful.©”29 Some parents find it useful to arouse and 
escort the child to the bathroom before they them- 
selves proceed to sleep. 

Additional motivational tools such as having chil- 
dren mark a calendar to signify wet and dry nights 
have been successful. Up to 18% of children may be 
cured with this type of program.?! 

Clinicians should be alert for comorbid conditions 
such as encopresis, constipation, and psychiatric dis- 
orders. Up to 72% of enuresis may be eliminated 
with treatment of these comorbid conditions.92-93 If 
present, daytime voiding symptoms should be treated 
before initiating therapy for NE.°+?° 

For treatment of enuresis to be successful, the child 
and family must be motivated and the clinician must 
be prepared to be patient and supportive. Expecta- 
tions should be realistic and one should not consider 
a relapse to be a complete failure. The child must be 
motivated to improve. If the child does not consider 
wetting to be a problem, the outcome of therapy may 
be poor, and waiting may be more appropriate. Chil- 
dren <6 years old are rarely interested in becoming 
dry at night. Parents should not punish the child who 
wets, but successes should be rewarded. 

The condition may be treated using these simple 
guidelines alone. It is our practice to provide baseline 
counseling before the initiation of specific treatment 
in most enuretic children. 


Alarm therapy 


Currently available enuretic alarms are small devices 
that the child can clip to the undergarments and wear 
throughout the night, or the unit may be placed at the 
bedside. Alarms worn on the body are as effective as 
bedside alarms.®! Although highly effective, the exact 


mechanism by which alarm treatment works is not 
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known. The behavioral modification is not classical 
conditioning, as the stimulus is a result of the behav- 
ior. Instead, the alarm appears to work by negative 
reinforcement or avoidance. The alarm awakens the 
child during voiding; the child must then get out of 
bed and finish voiding in the toilet or hold the urine 
until later. 

Alarm therapy is successful treatment for bedwet- 
ting, with initial and long-term success rates of 
70-90% and 50-70%, respectively.%?7 

Evidence-based medicine teaches us that alarm 
therapy is amongst the most effective interventions 
for treating childhood NE. Several systematic reviews 
and meta-analyses report success rates of 65-70%, 
with a treatment duration of 5-12 weeks and stated 
relapse rates of 15-30% in the 6 months after treat- 
ment.?8-100 As efficacy improves with time, enuresis 
alarms may not be suitable in families unwilling to 
wait several months for improvement.!0! 

Clinicians must discuss expectations and commit- 
ment to the alarm’s use before deployment of the 
device. Alarm therapy requires a motivated child and 
family, and a significant effort and time. The alarm 
may not only interrupt the affected child’s sleep but 
also that of the parents and other siblings. Once the 
alarm is activated, a parent will often have to awaken 
and get out of bed to assist the child to the bathroom 
to finish voiding, change the sheets and pajamas, 
return the child to bed, and reset the alarm. Often the 
child is not fully awake during this entire process. The 
parent, on the other hand, is fully awake and unless 
committed to the elimination of the wetting, may 
begin to resent the child.!° Parental fatigue and intol- 
erance may lead to discontinuation or early with- 
drawal from alarm therapy.) 

When using the alarm, some physicians recom- 
mend biweekly follow-up to monitor therapy and 
provide encouragement to the child and the parent.*! 
The family should continue to use the alarm for at 
least 1 month after a period of sustained dryness: 
although 29-66% of children may relapse, this does 
not preclude repeated use of the alarm. 

Use of the alarm may affect arousal, overnight 
urine production, and nocturnal bladder capacity. 
Oredsson and Jorgensen reported increase of bladder 
capacity but no change in nocturnal urine output or 
vasopressin secretion.° 

Butler has defined outcomes to aid in the evalua- 
tion of the effectiveness of alarm therapy:!% 


E initial success — a minimum of 14 consecutive dry 


nights within 16 weeks of alarm therapy 


E relapse — two wet nights in 2 weeks 

E continued success — no relapse within 6 months 
after initial success 

E complete success — no relapse within 2 years after 
initial success. 


Alarm therapy is widely believed to be the most 
effective therapy for NE, with the best long-term 
results.1 In the meta-analysis by Houts et al, 62% of 
children were dry at the end of therapy, with 47% dry 
at follow-up.!6 Similar successes, with up to 77.9% 
dry, have also been reported, with the likelihood for 
14 consecutive dry nights 13.3 times higher than with- 
out therapy.?? Successes using alarm therapy are also 
considered more durable by some clinicians, as treat- 
ment using desmopressin and tricyclics has not been 
sustained once therapy has been withdrawn. 1°? Long- 
term desmopressin treatment has also been shown to 
produce sustained improvement, although reported 
cure rates with the alarm are generally higher. 107-108 

A Cochrane review comparing alarm interventions 
considered 952 potentially relevant studies but found 
only 22 were of a quality sufficient to be analyzed. 
These were randomized controlled trials involving a 
total of 1125 children.!°! After analysis, the study 
concluded that comparative studies comparing alarms 
to pharmaceuticals are warranted before assuming 
alarm therapy to be effective. 

Butler and Stenberg and Hjalmas et al have sepa- 
rately summarized predictors of poor response with 
the enuresis alarm: e.g. parental intolerance and 
annoyance and children with low self-esteem, behav- 
ioral problems, or lack of motivation. Other predictors 
of poor outcome are a family history of bedwetting, 
associated daytime wetting, lack of supervision, incon- 
sistent use, family stress, psychiatric disorder in the 
child, failure to awaken in response to the alarm, 
unsatisfactory housing conditions, and more than one 
wetting episode per night.81,97,103,109-112 


Pharmacologic treatment 


Desmopressin (DDAVP) 


Many patients with MNE lack the nocturnal rise of 
ADH, therefore causing an imbalance in the normal 
circadian variation in urine production. This results in 
the production of large quantities of dilute urine at 
night. When the amount of urine produced overnight 
exceeds the bladder capacity, NE will occur.!!3 A 
study by Hansen and Jorgensen confirmed that night- 
time urine production was reduced during desmo- 
pressin treatment. 14 
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Arginine vasopressin (AVP or ADH) is a polypep- 
tide produced in the hypothalamus and released from 
the pituitary gland. Its release is caused by hyperos- 
molality or a low effective circulating blood volume. 
The polypeptide’s effect is on V, receptors of the col- 
lecting ducts and distal tubules to enhance water reab- 
sorption.!!° It also is a potent vasopressor, through 
independent actions on V, receptors. 

Desmopressin is an analog of vasopressin. Unlike 
ADH, this analog has increased antidiuretic activity 
without vasopressor activity. The half-life is 1.5-3.5 
hours. Desmopressin is commercially available in an 
oral and intranasal formula. The usual dose is 
0.2-0.6 mg orally or 10-40 ug intranasally at bed- 
time with immediate clinical effects. Fluid intake 
should be limited when the drug is used. A simple 
suggestion is to avoid drinking for 2 hours before 
bedtime and to limit fluid intake to 8 ounces after 
evening meal. 

Desmopressin is regarded safe for use in children. 
In most cases, children tolerate the medication well, 
with few adverse reactions reported in short- or long- 
term use.!97108 KJauber reported no serious adverse 
reactions in 516 cases.!!° In another study, only 6 of 
242 children (2.5%) withdrew, as a result of very 
mild adverse events, during long-term intranasal 
treatment. All monitored clinical and laboratory para- 
meters remained within normal limits in this study.!°7 

The risk of water intoxication should be discussed 
with parents prior to initiating DDAVP therapy and, 
consequently, fluid intake during evening meal and 
before bedtime should be limited. In this case, 
hyponatremia results from a large amount of fluid 
intake while taking the drug.!!” 

Although children with nocturnal polyuria and low 
nocturnal urine osmolality should respond best to 
DDAVP treatment, some studies have not found any 
differences in urine output, osmolality, or vasopressin 
secretion in responders and non-responders. 118119 

Before labeling a child as a non-responder, it is 
important to know whether the child received the 
medication correctly. In children that do not respond 
to treatment with DDAVP, nocturnal hypercalciuria 
and hypernatriuria should be suspected.°7,7° 

Predictors of good response to desmopressin ther- 
apy include larger bladder capacities,” older chil- 
dren,!?0-121 fewer wet nights at presentation,!?°.!?2 
and normal functional bladder capacity. 2-121 Other 
predictors include primary as opposed to secondary 
NE,!”? only one wet episode during the night, enure- 
sis that occurs during the first 2 hours of sleep,!!? a 
family history of NE,!74+!?5 and initial good response 


to the smallest dose of desmopressin used in the study 
(20 ug intranasal).17° 

Several controlled studies have demonstrated the 
effectiveness of desmopressin in the treatment of noc- 
turnal enuresis,°°!?7-!2° regardless of the route of 
administration. Positive response (defined as >50% 
reduction of wet nights) was reported in 60-70% of 
patients.°8:64107 A review of randomized trials com- 
paring desmopressin with placebo found that desmo- 
pressin was better in 13 of the 14 studies.© Based on 
the Cochrane report by Glazener and Evans, patients 
treated with DDAVP were 4.6 times more likely to 
achieve 14 consecutive dry nights compared with 
placebo.!° With a more selected population of chil- 
dren with primary NE, Caione et al found a 79% suc- 
cess rate after the administration of desmopressin.13! 

When DDAVP treatment is successful, we stop the 
drug for 1 week every 3 months to evaluate whether 
the problem persists. The annual cure rate in children 
treated with DDAVP is approximately 30%.1°7 Per- 
manent cure may increase to 74.5% by gradually dis- 
continuing the drug and positively reinforcing dry 
nights over a 10-week period.!*? 

Unfortunately, relapse after the cessation of treat- 
ment is common, and long-term treatment may yield 
a better response. Of 399 enuretic children recruited 
in the Swedish Enuresis Trial (SWEET),!°7 61% 
responded to desmopressin treatment initially, and of 
those responders, 61% were dry after 1 year of treat- 
ment. However, using an intent-to-treat analysis, only 
19% of patients remained dry after the cessation of 
therapy.107 

Desmopressin may be helpful in children that have 
failed alarm therapy or in families where motivation 
to use the alarm is lacking. In the short term, desmo- 
pressin produces more rapid improvement than alarm 
therapy. As children that do poorly with the alarm 
may do well with DDAVP, the converse may also be 
true. 


Oxybutynin 


The antimuscarinic agent oxybutynin is often used as 
part of combination therapy in enuretic children with 
a small bladder capacity, daytime incontinence, or 
detrusor overactivity. Oxybutynin should not be the 
first recommended therapy for a child with MNE. 
Yeung et al found that > 30% of enuretic children 
refractory to therapy had detrusor overactivity at 
night.” When using oxybutynin, we recommend 
bladder training, since in unselected populations of 
children with NE, oxybutynin has not been effective 
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in randomized controlled studies.!33 Watanabe et 
al134 reported a 67% success rate with oxybutynin in 
a group of children with bladder instability as a cause 
of their NE. Kass et al!35 reported a 90% success rate. 
The drug may also be considered in children with 
day- and night-time incontinence and for DDAVP 
non-responders. The efficacy may improve when 
combined with desmopressin. 136-137 


Tricyclic antidepressants 


Tricyclic antidepressants such as imipramine were 
extensively used in the treatment of enuresis in the 
1970s and 1980s. Imipramine has fallen out of favor 
for several reasons, including cardiotoxic side effects, 
risk of death with overdose, and its psychopharmaco- 
logic properties. The mechanism of action for this 
drug in the treatment of NE is unclear, although it 
may act by reducing detrusor activity and increasing 
bladder capacity secondary to anticholinergic and 
smooth muscle relaxant effects. 

Additionally, it may enhance arousal and suppress 
rapid eye movement (REM) sleep or decrease urine 
production by a stimulating vasopressin release. 138-132 

Because of the lower efficacy and more dangerous 
side-effect profile of this drug compared with desmo- 
pressin (only 17% of children who were dry during 
treatment with imipramine remained dry 6 months 
after cessation of medication and alarm therapy), we 
only use it when all other management has failed. 


Other therapies 


Combination therapy 


Some children with NE may have more than one 
cause for their condition. The most common com- 
bined cause of NE is lack of AVP with poor arous- 
ability. In these children, combined therapy may be 
more successful than a single therapy alone. 

Studies using combined desmopressin and the 
enuresis alarm on unselected groups of children have 
been published. In study by Bradbury, 71 children 
were randomized to alarm plus desmopressin (40 ug) 
or alarm monotherapy for 6 weeks.14 The combined 
therapy was more effective than the alarm alone, par- 
ticularly where the child had severe NE and behav- 
ioral problems. Sukhai et al,!4! with a crossover 
design, randomized children into two treatment 
groups: Le. alarm + desmopressin or alarm + 
placebo. The results suggested that alarm + desmo- 
pressin was better ( = 0.05) than alarm + placebo in 
treating NE. In a double-blind placebo-controlled 


study, Leebeek-Groenewegen et al,!4? examined 93 


children with MNE. Children were treated with alarm 
+ desmopressin or alarm + placebo for 9 weeks. 
Based on the results of this study, it was concluded 
that desmopressin does not result in higher cure rates 
and that combined treatment is not justified in all 
enuretic children at the outset of treatment. 

For children with enuresis associated with bladder 
overactivity, a combination of bladder training cou- 
pled with anticholinergic therapy yields success rates 
of 67-100%.78-135.137 Combination therapy with oxy- 
butynin and desmopressin has also been found to be 
effective in this subgroup of patients. 131 


Behavioral therapies 


Houts suggested that the addition of selected behav- 
ioral procedures produces better outcomes than alarm 
monotherapy.!4? Houts names four main behavioral 
procedures. These include arousal training, which 
reinforces waking and toileting in response to the 
alarm’s trigger, and normalized voiding, which 
encourages children to increase their fluid intake and 
time their voiding during the daytime in an attempt 
to increase cognitive control over voiding. One other 
procedure, dry-bed training uses the enuresis alarm, 
and encourages the children to take responsibility for 
removing wet sheets and re-making the bed, and two 
waking schedules, to ease arousability from sleep.!# 
However, Bollard and Nettelbeck!*#> found that the 
enuresis alarm accounted for most of the success 


achieved through dry-bed training. 


Alternative therapies 


Numerous studies using traditional Chinese acupunc- 
ture and laser acupuncture for the treatment of NE 
have been published.!4°!47 In a prospective random- 
ized study comparing laser acupuncture with desmo- 
pressin in patients with nocturnal polyuria, laser 
acupuncture was found to be as efficacious as desmo- 
pressin. 147 


Treatment for non-responders 


Absorptive nocturnal hypercalciuria may be responsi- 
ble for NE in some children that remain non-respon- 
ders despite therapy with DDAVP and 
anticholinergics. Pace et al demonstrated that some 
enuretic patients with hypercalciuria who failed to 
respond to DDAVP became desmopressin responders 
once they were treated with a low-calcium diet. !48 
Abnormalities in aquaporin 2 (AQP2) urinary 
excretion have been recently reported as another 
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possible cause of nocturnal enuresis.°” Urinary AQP2 
and hypercalciuria levels correlated with the severity 
of enuresis in children. Valenti et al further strength- 
ened the association between AQP2 and hypercalci- 
uria in a recent study.!4? Enuresis resolved in 80% of 
patients after 6 months of combined treatment with 
desmopressin and a low-calcium diet. Arginine vaso- 
pressin levels returned to normal, hypercalciuria 
resolved, and day/night AQP2 ratios returned to near 
normal levels. Based on these recent reports, Hjalmas 
and colleagues suggest that: 197 


it may become mandatory to study the CaU/CrU 
ratio to determine if the enuretic patient is 
hypercalciuric or not, as a first step to a correct 
therapeutic strategy for nocturnal enuresis. 


Conclusion 


Despite advances in our understanding of NE, the 
condition remains complex. The key to success 
involves a motivated patient and family. 
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Introduction 


Surgery to correct urinary incontinence began in 
1852 with a procedure to divert the ureters into the 
sigmoid colon of a boy with exstrophy.! Our under- 
standing of the physiology and cause of urinary 
incontinence has grown slowly over the past century 
and more has been learned in the past 25 years than 
in prior medical history. Early surgeons did not have 
the necessary technology to define the physiology of 
the bladder neck but they were keen observers of 
anatomy. As early as 1906 the German surgeon Tren- 
delenburg had suggested to divide the symphysis 
pubis to gain access for surgical narrowing of the 
bladder outlet in epispadias patients with the goal of 
improving urinary control.? Hugh Hampton Young 
was the first American urologist to identify the abnor- 
mal anatomy of the bladder neck as the cause of the 
patient’s urinary incontinence and devise surgery to 
correct it in 1908. In 1919, Young presented his orig- 
inal procedure to provide continence in patients with 
bladder outlet incompetence.* 

By examining these patients with early cystoscopes 
and at the time of open surgery, Young noted that the 
bladder neck and proximal urethra was enlarged and 
funnel shaped. The remainder of the bladder appeared 
healthy. He surmised that if he could restore the blad- 
der neck and proximal urethra to a more normal 
appearance, then function would improve. He excised 
a wedge of mucosa from the posterior urethra and 
bladder below the trigone and narrowed the muscle 
with a single layer of sutures. 

Since Young’s bold procedure, surgery for the weak 
bladder outlet has progressed from the goal of re-cre- 
ating normal anatomy to that of constructing conti- 
nence mechanisms that bear no resemblance to the 
normal bladder outlet. Other developments in urinary 
tract reconstruction, such as intermittent catheteriza- 
tion, bladder augmentation, and continent catheteriz- 


able stomas, have made new procedures to repair the 
weak bladder outlet possible and offer solutions to 
problems that early surgeons saw as incurable. 

After decades of becoming bolder in our approach 
to the bladder neck, the last few years have seen a real- 
ization of the limitations of reconstructive surgery to 
the bladder outlet and a turn to less aggressive and dis- 
ruptive bladder surgery. Better understanding of the 
physiology of the bladder and stresses on the bladder 
outlet has led to a more selective approach to increas- 
ing bladder outlet resistance. Increased awareness of 
long-term negative consequences of altered anatomy 
and physiology have led surgeons to aspire to alter the 
bladder outlet anatomy only enough to achieve the 
desired result of socially acceptable continence. 


Indications and evaluation 


Urinary incontinence may be the result of bladder 
outlet inadequacy in conditions such as epispadias, 
exstrophy, cloacal exstrophy, traumatic injuries of the 
urethra and bladder neck, urogenital sinus, bilateral 
ectopic ureters, and neurologic conditions. Indica- 
tions for bladder outlet surgery in these conditions 
include evidence that weakness of the outlet is a cause 
of incontinence and the failure of maximal medical 
therapy to correct the problem. 

The bladder outlet includes the bladder neck and 
proximal urethra: together, they may be considered as 
a unit and normally function as a sphincter in both 
boys and girls. There is no identifiable anatomic 
sphincter but a mixture of smooth and striated 
muscle, intracellular matrix, and mucosal factors that 
combine to make up a functional sphincter. Com- 
pression of the urethral lumen and the resultant outlet 
resistance depends on several factors. Among the 
components that make up the normal sphincter 
mechanism are smooth and striated muscle tone and 
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contractions, elastic properties of the urethra, 
mechanical forces transmitted from the abdomen, and 
structural support of the posterior urethral wall and 
bladder neck against which the urethra is compressed 
with increased abdominal pressure. The conditions 
that cause incontinence in children often present inad- 
equacies in several if not all of these components. 

In health, the bladder neck provides a variable resis- 
tance to the flow of urine through the urethra. The 
resistance is stable when the bladder pressure is low 
and increases as the pressure rises with bladder filling. 
It also increases reflexively with increased bladder 
pressure due to coughing or Valsalva’s maneuver, and 
it decreases dramatically when the patient begins to 
void. For the bladder neck to maintain continence it 
must be able to generate pressure within the lumen 
that is greater than the pressure within the bladder at 
all times except during voiding. 

There are several methods to evaluate the compe- 
tency of the bladder outlet. Just as Young noted, the 
cystoscopic appearance of the bladder neck reflects its 
function. When viewing from the proximal urethra, 
the posterior lip of the bladder neck should be elevated 
above the level of the urethra and the base of the blad- 
der. The bladder neck should close easily when fluid 
flow through the cystoscope is stopped. Although 
these observations are helpful, they are by no means 
completely reliable in predicting continence. 

The bladder outlet may also be evaluated by imag- 
ing with a radiographic cystogram. A competent 
bladder outlet appears closed as the bladder is filled 
and contrast should not leak into the urethra. The 
incompetent bladder outlet may remain open and 
funnel shaped during the filling process or may open 
with Valsalva’s maneuver or suprapubic pressure" 
(Figure 55.1). Lateral views of the cystogram may 
reveal the lack of adequate elevation and suspension 
of the posterior bladder outlet. 

Urodynamic studies of the bladder are important in 
determining causes of incontinence. Bladder leak 
point pressure and sphincter electromyography 
(EMG) are commonly used to measure bladder neck 
function. Leak point pressure is simply the pressure 
within the bladder at which fluid begins to leak 
through the bladder outlet into the urethra. Sphincter 
EMG is the measurement of electrical activity of the 
striated muscle of the sphincter. The sphincter EMG 
is most helpful in evaluating coordination of the 
detrusor and sphincter and may be of some benefit to 
document neural innervation of the sphincter in 
incontinent children. It is seldom helpful in children 
who are candidates for bladder outlet surgery. 


Figure 55.1 Voiding cystourethrogram of a patient 
with an open bladder neck during filling with contrast. 
The bladder neck is funneled during the entire study. 


On the other hand, bladder leak point pressure is 
the most reliable objective study in incontinent chil- 
dren due to bladder outlet dysfunction. Low leak 
point pressures indicate incompetence of the bladder 
outlet and may cause incontinence independent of 
detrusor function. McGuire et al defined the impor- 
tance of leak point pressure in children with 
myelodysplasia and neuropathic bladder when they 
found that high leak point pressures >40 cmH,O 
resulted in upper tract deterioration due to reflux and 
hydronephrosis.° Children with pressures 
<40 cmH,O were protected from such changes but 
were prone to leak urine easily owing to weak bladder 
outlet. They also found that the radiographic appear- 
ance of an open bladder neck did not correlate well 
with measured leak point pressures. 

McGuire found that children with myelomeningo- 
cele have fixed bladder outlet resistance that is located 
distal to the bladder neck and does not vary with 
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filling or leaking. When these children were treated 
with intermittent catheterization and anticholinergic 
medications, patients with closed bladder necks on 
cystogram were uniformly continent whereas only 
60% of those with an open bladder neck became con- 
tinent. This finding was independent of leak point 
pressure, indicating its limits in predicting continence 
in all patients. 

Leak point pressure should be measured with a small 
urethral catheter (5 or 7 Fr). The water should be 
infused with a pump rather than by gravity. The tech- 
nique should be standardized for each measurement, 
since Decter and Harpster have demonstrated that mea- 
sured values of leak point pressures in children vary with 
catheter size and with rate and method of infusion.” 
Patients should be encouraged to cough and sit or stand 
if possible to measure leak point pressures in a dynamic, 
more normal, setting. The volume at which leaking 
occurs is important because it reflects the functional 
capacity of the bladder and prognosis for continence. 

Other urodynamic measurements are critical in 
diagnosing the cause of incontinence. Bladder pres- 
sures and volumes indicate storage capacity of the 
bladder and must be adequate for continence. Com- 
pliance may be considered the inverse of stiffness and 
is a helpful indicator of bladder adaptability. Poorly 
compliant bladders tend to produce higher pressures 
with lower volumes of urine, making patients more 
prone to upper tract deterioration and incontinence.® 
Detrusor measurements in children with completely 
incompetent bladder necks may be performed by 
inflating the balloon of a Foley catheter at the bladder 
neck and pulling it down to occlude the bladder 
outlet.? It is fruitless to consider treatment of bladder 
outlet incompetence unless the bladder itself has ade- 
quate volume and pressure characteristics for the stor- 
age of urine. 

When evaluating incontinent children as candidates 
for bladder outlet surgery, a voiding/catheterizing 
diary can yield invaluable and practical information. 
Unlike radiographic and urodynamic examinations, 
these diaries represent the level of incontinence 
during normal activity. Some parameters, such as 
functional storage capacity of the bladder, may be 
quite different from values that hospital tests may 
imply. We have patients measure voided/catheterized 
amounts of urine obtained, the times that the bladder 
is emptied, when incontinence occurs, the degree of 
incontinence, and activities associated with leaking. 
This information, along with urodynamic data, exam- 
ination by cystogram, and cystoscopy, may be needed 
to define the cause or causes of incontinence. 


If incontinence is due to incompetence of the blad- 
der outlet, the physician has two basic treatments 
available, medical and surgical. Medical treatment 
must always be exhausted completely before consider- 
ing surgery. This is important not only because some 
patients will become dry with medical management 
alone but also because medical regimens requiring 
family and patient participation may demonstrate that 
the family is committed and willing to comply with 
similar catheterization and medicine schedules that 
necessarily accompany most surgical procedures to 
create continence. If the family can give medication 
and catheterize the child prior to surgery, it is likely 
that they will do so after bladder outlet surgery. 


Medical therapy 


Children found to have inadequate bladder outlet 
resistance may be treated with various non-surgical 
modalities. Some therapy helpful in incontinent adults 
has no role in children. Pelvic floor exercises, biofeed- 
back, and electric stimulation of the bladder outlet 
have not been helpful in children with incontinence 
who suffer from anatomic and neuropathic conditions. 

There are medications that have been effectively 
used to stimulate muscles of the weak bladder outlet. 
They include o-sympathomimetic agents such as 
ephedrine and ephedrine-like compounds that stimu- 
late the large number of a-adrenergic receptor sites 
found in the proximal urethra and bladder neck and 
cause smooth muscle contraction.!° These com- 
pounds produce troublesome side effects in some 
patients such as hypertension, anxiety, and palpita- 
tions. Results have not been reliable in this group of 
children because most have severe anatomic and neu- 
rologic defects at the bladder outlet. We have had 
little success with medical stimulation of the bladder 
outlet to improve continence. 

Other non-surgical therapies include clean intermit- 
tent catheterization (CIC) to completely empty the 
bladder on a prearranged schedule. Intermittent 
catheterization remains the single most important con- 
tribution to the treatment of incontinence in children. 
In children with neuropathic bladder, intermittent 
catheterization alone will provide continence in 
19-24% 1.2 The addition of anticholinergic medica- 
tions, which lower bladder pressures and inhibit detru- 
sor contractions, to CIC programs raised the 
continence rates to 68-89%.13-14 It is important to rec- 
ognize that various authors have defined continence 
differently in the past. Whereas most patients gain 
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some social or daytime continence with medical ther- 
apy, complete dryness is possible in less than one-third. 
Even if bladder outlet function is marginal, continence 
may be improved by maximizing other aspects, such as 
bladder storage capacity, with medication and empty- 
ing the bladder regularly with catheterization. 


Procedures to increase bladder outlet 
resistance 


Once the bladder outlet has been identified as a cause 
of incontinence and medical therapy has been 
exhausted without acceptable improvement, the next 
options are surgical procedures to enhance bladder 
outlet resistance. This may be done by three basic sur- 
gical methods: procedures to change the suspension, 
support, or angle of the bladder outlet; procedures to 
compress the lumen of bladder outlet with either an 
external compression device or by injection of mater- 
ial under the mucosa; and procedures to reconfigure 
the bladder outlet into a more efficient continence 
valve. 


Procedures to suspend the bladder outlet 


For the past century inadequate support or insuffi- 
cient elevation of the bladder neck and proximal ure- 
thra has been identified as a cause of urinary 
incontinence.!> Inadequate suspension contributes to 
incontinence by making the bladder outlet too 
mobile, allowing it to descend into the pelvis. Normal 
suspension of the posterior bladder outlet is necessary 
to provide resistance from below to counter increased 
abdominal pressures from above and thus compress 
the lumen. Suspension of the bladder outlet may be 
accomplished in several ways, including procedures 
that fasten the existing periurethral fascia to the ante- 
rior pelvic wall and procedures that reinforce the pos- 
terior bladder outlet with a sling made of fascia or 
some other external material. 

In 1949, Marshall, Marchetti, and Krantz (MMK) 
introduced a procedure to improve stress inconti- 
nence by surgically elevating and suspending the blad- 
der neck and proximal urethra.!° The procedure is 
based on sewing the anterior vaginal fascia just lateral 
to the urethra and bladder neck to the cartilaginous 
portion of the symphysis pubis (Figure 55.2). These 


Figure 55.2 The Marshall-Marchetti-Krantz procedure elevates and suspends the bladder outlet, including the prox- 
imal urethra, by sewing the anterior vaginal fascia to the underside of the symphysis pubis. These are permanent 
sutures and re-create the posterior angle of the bladder neck. The concept of bladder neck suspension is still a cor- 
nerstone in incontinence surgery. (a) Placement of sutures between the anterior vaginal fascia and underside of the 


pubis. (6) Suspension and elevation of the bladder outlet. 


Operations for the weak bladder outlet 845 


sutures suspend and support the bladder outlet and 
recreate its posterior angle. The MMK procedure was 
for many years the gold standard of incontinence 
surgery and the concept is still critical in correcting 
these problems. Burch’s procedure to suspend the 
bladder outlet from Cooper’s ligament was another 
form of suspension that gained wide acceptance.!7 
Both suspension surgeries produce cure rates in 
patients with pure stress incontinence of >90%.18 
Today, suture suspension of the bladder outlet in chil- 
dren is utilized usually as an adjunct procedure with 
other incontinence surgery and helps to produce con- 
tinence in up to 88% of patients.!? 

Pereya (1959), Stamey (1973), and Raz (1981) 
developed procedures that were also designed to ele- 
vate and suspend the weak bladder outlet.?!-?* They 
supported and elevated the bladder neck using sutures 
from the perivesical and periurethral fascia to the 


rectus abdominal fascia. These procedures were clear 
advances because they could be done through small 
incisions using long needles to place the suspension 
sutures (Figure 55.3). The surgeons could confirm 
correct suture placement at the time of the procedure 
with the cystoscope and the patients suffered minimal 
discomfort. 

McGuire improved on a concept introduced in 
1911 by Goebell of suspending the bladder outlet 
with a sling of fascia or muscle.” McGuire developed 
a method of passing an isolated strip of rectus fascia 
beneath the bladder neck and reattaching it to the 
anterior abdominal wall at the insertion of the rectus 
fascia and the pubis” (Figure 55.4). Slings may 
improve continence by compressing the urethra, ele- 
vating the bladder outlet into the abdomen, or by 
providing a stable point against which the urethra is 
compressed during increases in abdominal pressure. 


Figure 55.3 The Raz sling suspension uses long needles to pass permanent sutures from the anterior rectus fascia 
to suspend the bladder outlet from the anterior abdominal wall. The sutures support and elevate the bladder outlet 
and re-create the normal position and anatomy of the posterior bladder neck. They are dependent on the strength 
of the fascia surrounding the bladder neck and posterior urethra. (a and b) Exposure of the anterior vaginal fascia 
on either side of the bladder outlet. (c) Passing a needle from the anterior abdominal fascia to the vaginal incision 
in order to place sutures. (d) Suture suspension of the bladder outlet. 
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Figure 55.4 McGuire developed a suspension procedure that uses long sutures from the anterior abdominal wall to 
support a short strip of fascia. This fascia is passed posterior to the bladder outlet and supports and elevates the 
bladder outlet. This procedure provides more uniform support to the posterior bladder neck and does not rely on 
the native fascia around the bladder neck and urethra. (a) Vaginal incision to expose anterior vaginal fascia. (b) Dis- 
section on either side of the bladder outlet. (c) Placement of the sling. (d) Sutures that elevate and suspend the blad- 


der outlet. 


This fascial sling and its variations have proven valu- 
able for children with bladder outlet incompetence.”° 
The use of fascia under the bladder neck is more reli- 
able in these children than sutures alone, which must 
rely on the strength of the native fascia adjacent to the 
bladder neck and proximal urethra to hold the sus- 
pension sutures. 

At the time of open surgery, the most popular form 
of sling suspension involves a long strip of rectus fascia 
that is passed around the bladder outlet and sewn to 
the anterior abdominal wall fascia on each side. This 
suspension depends completely upon the fascia to sup- 
port the bladder outlet and is done entirely through a 
lower abdominal incision (Figure 55.5). 

Slings may also be placed transvaginally in girls, 
just as is done in adults with good results.?” This pro- 


cedure would seem to be limited somewhat by the age 
of the child and size of the introitus. It is a useful 
approach in adolescent girls who are not undergoing 
simultaneous bladder reconstruction. 

Bladder neck suspension, usually in the form of a 
rectus fascia sling, has been most helpful in girls 
with myelomeningocele on intermittent catheteriza- 
tion.?8 The female urethra is more easily manipu- 
lated in this way and results have been good in this 
population, with continence rates of 78-90%.??-31 
The success rate in males in our hands has been con- 
siderably less than in females when suspension is 
used alone, although some authors report good 
experiences.*2*4 The combination of slings with 
other bladder neck surgery, such as narrowing the 
outlet, has been successful for some surgeons.*> In 
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Figure 55.5 Fascial slings may be harvested from the anterior rectus fascia at the time of open surgery and used to 
suspend the bladder outlet from the anterior abdominal wall. (a) A single strip of fascia can be taken from the lat- 
eral aspect of a midline incision and (b) passed behind the bladder outlet. (c) Each end of the sling can then be sewn 
to the anterior rectus fascia on each side to elevate and support the bladder neck and urethra. 


the author’s experience the one group of patients 
who most often fail sling suspension are males who 
subject their bladder outlet to very high pressures 
that result from physical activity such as ambulation 
and play. 

Fascial sling suspension of the bladder outlet is not 
without complications. Decter has reported erosion of 
the sling into the bladder and late degeneration of detru- 
sor compliance after sling placement.*° Often patients 
have difficulty catheterizing through the urethra after 
sling placement owing to the altered angle of the urethra. 
We have also witnessed the sling break during physical 
activity, acutely returning the child to a state of inconti- 
nence. There has been concern about the effects of slings 
on erectile function in males with spina bifida, but this 
function appears to be preserved in over 90% in one 
series of 14 patients.3” Like many other procedures to 
improve bladder outlet resistance, augmentation cysto- 
plasty has often been required to provide a large low- 
pressure reservoir for optimal continence. 

Slings made of exogenous material have been intro- 
duced at various times and include true synthetic and 
processed biologic material such as porcine small 


intestinal submucosa. The early-generation pure syn- 
thetics such as silicone rubber and Gore-Tex have a 
high risk of erosion into the urinary tract and are not 
in common use today. A new generation of mater- 
ial is available, including synthetic polypropylene 
mesh tape. This material has been useful in adult 
stress incontinence and has a much lower risk of ero- 
sion than prior synthetic materials.??4° The use of 
newer synthetic mesh slings has yet to be documented 
in children but its use in full-grown adolescents would 
seem to be promising. 

The processed porcine biomaterial, small intestinal 
submucosa, has been in use for some time and has 
similar efficacy for producing continence. It offers an 
off-the-shelf replacement for rectus fascia, thus short- 
ening surgical time and simplifying abdominal wall 
closure at the time of reconstruction.*! 


Procedures to compress the weak bladder 
outlet 


Surgery to compress the bladder neck externally can 
take one of two forms: variable or fixed. Since the 
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normal bladder neck offers variable outlet resistance, 
this form is the most desirable, so that the resistance 
can be relaxed to allow voiding or easy catheteriza- 
tion. The artificial urinary sphincter developed by 
Scott in 1972 has been valuable in the management of 
incontinence for many years.4? 


Artificial urinary sphincter 


The artificial urinary sphincter is a hydraulic device 
that is composed of three parts: an inflatable cuff that 
surrounds and compresses the bladder neck or bul- 
bous urethra; a pressure-generating balloon; and a 
pump control module (Figure 55.6). The artificial 
sphincter gives the patient the ability to deflate the 
cuff and reduce the compression of the bladder neck 
at will. The pump is placed in the scrotum or labia 


Figure 55.6 The artificial urinary sphincter is a 
mechanical device composed of three components: 
(a) an inflatable cuff, (6) a pressure-regulating reser- 
voirballoon, and (c) a control pump. It functions by 
using hydraulic pressure to inflate the cuff, which com- 
presses the urethra and provides continence. By 
squeezing the pump (implanted in the scrotum or 
labia), the patient can manually deflate the cuff and 
allow voiding or catheterization through the urethra. 
The pressure in the balloon then restores pressure 
throughout the system and reinflates the cuff in 
3 minutes. 


and the entire device is contained within the body. 
Continence rates are close to 90% after placement of 
the device.*3-45 

The bladder neck is the preferred site of placement 
in children (Figure 55.7). The usual minimal age for 
placement of artificial sphincters is 6 years for boys 
and 8 or 9 years for girls.4° The pressure exerted on 
the urethra is regulated by the balloon/reservoir and 
most children need 61-70 cmH,O pressure to safely 
control the bladder outlet. The device is not activated 
immediately, as cuff pressure immediately after 
surgery may cause erosion of the cuff into the bladder. 
The sphincter may be activated after 6-8 weeks with 
less risk of erosion.4” 

Initially, there were concerns that performing inter- 
mittent catheterization through the implanted sphinc- 
ter could cause damage to the tissue compressed by 
the cuff and lead to erosion. Sphincters were only 
placed in patients who could void, but as many as 
50% of children cannot void efficiently after sphincter 
placement, making catheterization necessary.*8 Bar- 
rett and Furlow reported a series of children with 
neuropathic bladders who could not void after artifi- 
cial sphincter surgery and found that intermittent 
catheterization could be performed safely if the cuff 
was deflated to pass the catheter.*#5° Continence was 
good and no patients suffered erosion due to catheter- 
ization. It appears that the ability to void may deteri- 
orate with time, particularly in boys with neurogenic 
bladder. Gonzalez et al reported that 74% of patients 
followed for a mean of 8 years after sphincter place- 
ment required intermittent catheterization.* Upsiz- 
ing the sphincter cuff size in adolescent boys who 
suffer delayed voiding failure after sphincter place- 
ment has not been successful in restoring the ability to 
void.*! 

Historically, there has been a higher rate of reoper- 
ation with artificial sphincters than with bladder 
outlet reconfiguration.*? This rate appears to be 
improving with better technique and newer devices. 
Kryger et al reported an average of 0.03 revisions per 
year with the newest model and 70% of children who 
had sphincters placed since 1987 have not required 
revision.” The long-term (7-10 years) survival of the 
artificial sphincter in children in two large series is 
approximately 80%, with most being lost to the com- 
plications of device infection and erosion.4®54 Even- 
tually, all devices will wear out and fail, requiring 
replacement, but if complications can be avoided the 
mean survival of the new devices in children is over 
12 years. The newest model (AS 800), with a 
narrow backing cuff, was developed in 1988. It had a 
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Figure 55.7 (a) Artificial urinary sphincter components in a female with the pump implanted in the labia. (b) Artifi- 
cial urinary sphincter components in a male with the pump implanted in the scrotum. Both examples show the cuff 


implanted around the bladder neck. 


mechanical failure rate of 7.6%, a non-mechanical 
failure rate of 9%, and a sphincter survival rate of 
92% in 184 adult patients with a mean follow-up of 
40.8 months.5° 

Roth and others reported an important complication 
of artificial sphincter placement in 1986 when they dis- 
covered that some patients suffered late deterioration 
of the upper urinary tracts.°°8 This deterioration was 
due to two factors: a failure to void efficiently in some 
patients and the new development of detrusor hyper- 
tonicity in others. Deterioration of detrusor function 
after sphincter placement occurs in as many as 20% of 
patients and there is currently no reliable method to 
predict which patients will undergo these changes or 
the timetable for risk.°45° Because of this threat it is 
necessary to follow patients with artificial sphincters 
with upper tract imaging and urodynamics, as needed 
indefinitely after placement of the sphincter. 

Augmentation cystoplasty, as either a simultaneous 
or later procedure with artificial sphincter placement, 
is necessary in approximately 30% of children.*4°° 
Augmentation increases storage volume and decreases 
storage pressures of the bladder due to poor compli- 
ance or hypercontractatility of the detrusor. Augmen- 
tation may be performed at the same time as sphincter 
placement but has been associated with an increased 
risk of device infection if colon and small bowel are 
used for the augmentation.®! Apparently, augmenta- 
tion with stomach does not present an increased risk 
of infection in simultaneous sphincter placement.° 

Patient selection for artificial urinary sphincter is 
important. Although there has been an increased risk 


of erosion with girls who had prior bladder neck 
surgery, Bosco et al have demonstrated that the risk 
to girls and boys is similar if they have not had prior 
bladder surgery. The condition of the bladder outlet 
that will be compressed with the cuff is critical, and 
prior bladder neck surgery or excessive scarring 
increases the risk of erosion and infection. Castera et 
al have reported that prior bladder neck surgery also 
impacts the continence rate after sphincter placement, 
resulting in only 37.5% continence in this group. 
The artificial urinary sphincter is the only method 
of producing variable bladder outlet resistance and 
thereby allowing volitional voiding. Its main indica- 
tion today is in children who have the ability to void 
prior to surgery and the potential to do so after place- 
ment of the device. Use of the artificial sphincter in 
patients who require augmentation and intermittent 
catheterization offers little advantage over other 
methods to increase bladder outlet resistance. 


Bladder outlet wraps 


There have been a few attempts to compress the blad- 
der neck with a fixed resistance and these have usually 
been in conjunction with bladder neck reconstruction 
surgery. Silicone rubber sheaths have been placed 
around the narrowed bladder neck, but in early series 
over 60% eroded into the lumen and required 
removal. Quimby et al presented a large series of 94 
patients treated with silicone sheaths used in conjunc- 
tion with a Young—Dees—Leadbetter (YDL) bladder 
neck reconstruction. The authors continued to 
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Figure 55.8 Walker described a fascial wrap of the bladder outlet in incontinent children. A strip of rectus fascia was 
harvested and wrapped around the bladder outlet and sewn together with permanent sutures. This provides con- 
sistent compression of the open bladder outlet and constant outlet resistance. Some patients with wide bladder out- 


lets required bladder neck narrowing. 


modify their technique until the erosion rated 
dropped to 7% in 35 patients. This improvement was 
attributed to using omentum to wrap the sheath and 
using a single-layer short silicone wrap. Satisfactory 
continence in this group was achieved in 72% of 
patients with this method” (Figure 55.8). Two other 
groups have reported synthetic constrictors or cuffs. 
de O Vilar et al reported a new device called a con- 
strictor that compresses the bladder neck. It produced 
continence in all of the 42 patients in whom it was 
used; however, it had to be removed in 4 patients 
because of erosion or infection. Kohn et al pre- 
sented a series of children treated with a purse-string 
cuff around the bladder neck made of polytetrafluo- 
roethylene (PTFE) tubing surrounding woven poly- 
ester tape: 75% of patients were dry after surgery, 
but 30% of the devices had to be removed because of 
complications. 

Walker et al described a procedure to wrap and 
compress the bladder neck circumferentially with 
rectus fascia with good results.7? Some of their 
patients also needed bladder neck narrowing at the 
same time. Unlike silicone rubber, there were no ero- 
sions of the fascia, and post-surgery urodynamics 
showed that 70% of patients could not be made to 
leak at any pressure. Long-term follow-up of these 
patients indicates that the facial wrap and bladder 
dynamics are stable.” Bugg and Joseph presented a 
rectal fascia cinch that wraps around the bladder neck 
and is anchored to the pubis.”? This procedure pro- 
duced 60% continence. A myofascial flap made from 
rectus muscle can be used as a vascularized wrap and 
has been wrapped around the bladder neck and 


anchored to the pubic bone. This method has pro- 
duced 75% continence in limited numbers.7* Finally, 
a flap of bladder detrusor has been harvested and used 
to wrap around the bladder neck to compress the 
bladder neck.”* Of course, any increase in fixed resis- 
tance at the bladder neck almost always precludes 
voiding and requires that the patient rely on CIC. 


Injection therapy of the bladder outlet 


Several substances have been injected under the 
mucosa of the bladder neck in order to increase intra- 
luminal pressure generated by the weak bladder outlet 
and provide continence. The first substance used in 
significant numbers of patients was PTFE paste or 
Polytef.”> Politanto et al popularized its use in adults 
and eventually applied the concept to children.”&77 
They reported 86% success rates in patients who were 
incontinent from bladder neck surgery and 50% in 
patients with neuropathic bladder. Injection therapy 
was relatively easy to perform and required no inci- 
sion, so it could be done on an outpatient basis. 
Unfortunately, particles of Polytef were found to 
migrate to other organs in animal studies and particles 
were found in pulmonary granulomas in a human 
after periurethral injection.”*:”? Safety concerns have 
caused its abandonment in the United States. A newer 
form of silicone, polydimethylsiloxane or Macroplas- 
tique, has been used in Europe with continence 
achieved in 34% of patients.®° It is not currently avail- 
able in the United States. Other agents have been 
used, including autologous fat and collagen. Gonzalez 
de Garibay et al reported periurethral injection of fat 
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Figure 55.9 Injection of the bladder neck with various materials such as Polytef paste and collagen solutions has 
been used with more success in adults than in children. The needle is passed through a cystoscope and the mate- 
rial is injected submucosally either from the urethra or from a suprapubic approach. The material provides passive 


pressure to help to occlude the bladder outlet. 


obtained from liposuction of the abdominal wall in 
1989.8! Initial success in treating incontinence was 
never as good as with Polytef, and the effects dimin- 
ished with time because the fat did not survive due to 
poor neovascularity.8? Eventually 80-90% of the 
injected fat was absorbed by the local tissue. 

Gluteraldehyde cross-linked collagen has been one 
of the most common agents used to increase bladder 
outlet resistance. It has been used in the same manner 
as Polytef paste and is injected beneath the mucosa 
using a needle passed through a cystoscope (Figure 
55.9). The success in treating children with inconti- 
nence has been inconsistent, with around 50-88% of 
patients considered to have a good result and 20-63% 
becoming dry.8384 Bomalaski et al reported a large 
series of collagen injections in children in 1996.85 
They reported a 22% cure rate of incontinence in 40 
children, with improvement in another 54%. Of 
those patients with a mean follow-up of 4.5 years, the 
cure or improvement rate remained stable over time. 
Other clinicians have noted the biologic degradation 
of collagen and expressed concern about long-term 
durability.8° Kassouf et al demonstrated poor results 
with collagen injections, in children with neuropathic 
bladder dysfunction. Only 20% of their patients 
improved after injection, and all of these eventually 
deteriorated within 2 months after treatment.” 

The limited success and potential degradation 
should be explained to the patient and family. Also, 


2.5% of patients are allergic to the collagen from 
dietary exposure and an additional 0.9% may develop 
late hypersensitivity.88 Preoperative skin testing is 
necessary to establish that the patient does not have 
antibodies to the collagen and is less likely to react to 
the injection. 

The newest agent to be used for injection of the 
bladder neck for incontinence is Deflux (dextra- 
nomer/hyaluronic acid copolymer). We have injected 
Deflux into the bladder neck of 16 children with blad- 
der outlet incompetence. Of the 12 with neuropathic 
bladder, 25% were dry and an additional 33% 
improved after injection therapy, with a mean follow- 
up of only 9 months. None of the patients with other 
causes of incontinence achieved continence, whereas 
33% showed improvement. No patients who per- 
formed intermittent catheterization through their 
urethra improved.*? 

With the widespread use of catheterizable urinary 
stomas in children with neuropathic incontinence, 
antegrade bladder neck injection of bulking agents 
through the catheterization channel has merit. The 
visualization of the bladder outlet from above is supe- 
rior to the visualization from the urethra. 

These mixed findings have limited injection therapy 
in most pediatric urologist’s hands to incontinent 
patients who have had failed bladder neck reconstruc- 
tion surgery. Up to 50% of these patients may 
become dry with injection therapy but some require 
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multiple injections.”° This is a simple and safe outpa- 
tient procedure, but the results may degrade with 
time and its effects diminish. 


Surgical reconfiguration of the bladder 
outlet 


Young—Dees—Leadbetter procedure 


In 1922 Hugh Young presented a refined procedure 
to reconfigure the inadequate bladder outlet in epis- 
padiac patients who were incontinent due to bladder 


Figure 55.10 Young's original bladder neck repair was 
essentially an excision and narrowing of the outlet. He 
excised a full-thickness strip of mucosa and muscle 
from the bladder neck and proximal urethra and closed 
it with a single row of sutures to create a more normal- 
appearing bladder neck when viewed from within the 
bladder. This, in essence, lengthened the urethra and 
placed the bladder neck higher in the pelvis. (a) The 
open bladder outlet viewed from above. Inset shows 
Young's view of epispadias with incontinence. (b) Exci- 
sion of the strip of mucosa and muscle. (c) Narrowing 
of the bladder outlet using Young’s instrument to pass 
suture. 


outlet incontinence.?! Young had altered his approach 
from narrowing the posterior bladder outlet to nar- 
rowing the anterior urethral and bladder neck. He 
excised a full-thickness strip of tissue from the ‘funnel- 
like neck of the bladder and reapproximated the sides 
with a single row of chromic catgut sutures to create 
a more normal appearance (Figure 55.10). 
Ureterosigmoidostomy diversion was the accepted 
surgical treatment of incontinence due to epispadias 
and exstrophy prior to Young’s procedure.?” Young 
was obviously pleased with the results of his proce- 
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dure and reported, ‘No fistula, no stricture, perfect 
urinary control, sexual powers normal’. For over 25 
years after Young first presented his method to recon- 
figure the bladder neck for epispadias, his procedure 
remained the best surgical treatment for urinary 
incontinence due to a weak bladder outlet. 

In 1949, John Dees improved upon Young’s pro- 
cedure by extending the posterior urethral flap into 
the bladder and removing the mucosa from the 
muscle on the lateral aspect of this flap. This posterior 
strip of urethra and bladder was then closed in two 
layers, mucosa and muscle, to form a neourethra”? 
(Figure 55.11). Whereas Young had been content to 
narrow the proximal urethra and bladder neck, Dees 
changed the position of the bladder neck itself. He 
created a long neourethra from tissue that normally 
would have been the posterior bladder wall. The 
result was to move the bladder outlet higher into the 
pelvis and provide a longer, more muscular, urethra. 

In 1964, Guy Leadbetter advanced this concept 
further by extending the posterior bladder flap even 
higher into the bladder.?* This was made possible by 
moving the ureters from their normal location to a 
more cranial position further from the urethra and 
original bladder neck. The position of the ureters had 
been the limiting factor when Dees created his 
neourethra and moved the bladder neck above its nat- 
ural location. Leadbetter moved the ureters out of the 
way by mobilizing them and reimplanting them 
transversely across the posterior bladder wall well 
above the trigone. 

By extending the neourethra higher in the bladder, 
Leadbetter was also presented with a wider strip of 


Tubular urethra with 
snug vesical orifice 


Segment of bladder wall removed 


Portion denuded of mucosa 


Anterior vaginal wall 


Figure 55.11 Dee’s revision of Young’s 
procedure extended the posterior ure- 
thral flap into the bladder and allowed a 
longer neourethra. He removed the 
mucosa from the muscle on the lateral 
aspect of this flap and, after closing the 
central flap of mucosa into a tube, he 
closed the muscle over the mucosa in a 
second layer. This provided additional 
muscle around the neourethra. 


bladder to use for his neourethra. A narrow strip of 
mucosa was left in the central portion of the 
neourethra. This was tubularized, the entire mucosa 
lateral to the strip was excised, and the two flaps of 
muscle lateral to the neourethra were then wrapped 
over the mucosa in an overlapping fashion, providing 
additional muscular support to the neourethra and 
bladder neck (Figure 55.12). With few changes 
today, the Young—Dees—Leadbetter bladder neck 
repair remains the gold standard of bladder neck 
reconstruction. Continence has been obtained in 78% 
of patients with neuropathic bladders and in 80% of 
exstrophy patients.?°-?” It must be noted that aug- 
mentation cystoplasty was necessary to obtain this 
degree of continence in 90% of the neuropathic blad- 
der children in our series and in 50% of the exstro- 
phy-epispadias patients in the Mayo Clinic series. 
Disadvantages of the YDL bladder neck recon- 
struction include loss of significant bladder capacity 
that results from the reallocation of bladder wall tissue 
to the urethral continence mechanism. The neo- 
urethra may be tortuous and difficult to catheterize. 


Variations of the Young—Dees—Leadbetter 
procedure 


Of the many variations to the YDL, that of Mollard is 
closest to the original.’ He creates a 7 cm long ure- 
thral strip that is wide enough to close over a 10 Fr 
catheter and removes the mucosa from the triangular 
muscle flaps lateral to the strip. He then incises one of 
the periurethral muscular flaps vertically parallel to 
the strip and rotates it horizontally across the midline 
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Figure 55.12 Leadbetter further improved upon the Young—Dees bladder neck repair by moving the ureters to a new 
location higher along the posterior bladder wall and away from the urethra. This maneuver allowed the posterior 
bladder strip to be even longer and produce a long neourethra and a much higher bladder neck. (a and b) Leadbet- 
ter removed the mucosa from the triangular flaps of bladder muscle on each side of the mucosal strip that was to 
be used for the neourethraa. (c) After rolling the strip into a tube for the neourethra, he closed the lateral muscle flaps 
over the neourethra in layers to provide even more muscle at the bladder outlet. (7) Muscle is rotated over the 
neourethra in an overlapping fashion. (e) Dependable bladder drainage is necessary. 


in order to develop an anterior bladder neck angle 
(Figure 55.13). Mollard’s procedure has been applied 
mostly to exstrophy patients, and he has achieved a 
70% continence rate. 

Koffs variation on the YDL also differs from the 
original in its use of the periurethral muscle flaps.%? 
Koffs initial incision is on the lateral aspect of the 
bladder neck, rather than the midline, and this pro- 
duces a single long muscle flap on one side of the 
bladder. After he moves the ureters cephalad, Koff 
then strips the mucosa from the long muscle flap, 
leaving a midline strip of urethra and bladder to tubu- 
larize for the neourethra. The long muscle flap is then 
wrapped around the neourethra, producing what he 
has termed ‘the cinch’ (Figure 55.14). Koff has 
achieved 80% continence rates in mostly exstrophy 
patients. All of the patients have had significant diffi- 
culties voiding. Forty percent of the children required 


bladder augmentation and intermittent catheteriza- 
tion. Bladder capacity is lost to a similar degree as in 
the YDL procedure. 

Mitchell returned to Young’s original concept of a 
narrowed neourethra without added muscular sup- 
port.!°° He noted that overlapping bladder muscle 
flaps used to create more outlet resistance made the 
bladder smaller by reducing the bladder itself. 
Mitchell’s procedure is the only bladder neck repair 
that does not decrease bladder capacity as the anterior 
bladder and urethral flap is incorporated into the 
bladder (Figure 55.15). He mobilized a triangular 
full-thickness flap of anterior urethra and bladder neck 
and then narrowed the bladder outlet. The flap was 
then rotated cephalad and integrated into the bladder. 
Continence was achieved in 64% of patients who all 
voided, and were a mixed group of children including 
neuropathic bladders and exstrophy. 
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Figure 55.13 Mollard’s variation of the Young—Dees-Leadbetter procedure is similar in the construction of the 
neourethra from a long posterior strip of urethra and bladder. It differs in that one of the two triangular flaps is 
incised vertically and parallel to the neourethra. This flap is then rotated horizontally across the midline to create an 
angle of the anterior bladder neck. (a) The bladder is opened in the midline. (b) The mucosa lateral to the central 
urethal strip is excised. (c) The two lateral muscle flaps are incised, one vertically and one horizontally. (d) Flap (A) 
is wrapped around the neourethra like the YDL operation, while flap (b) is rotated horizontally across the repair to 
create an anterior bladder neck. 


(c) 


(b) 


The tube is created and 
the short flap is sewn 
over the tube. The long flap 
is wrapped around the new 
urethra and tightened as a 
cinch to create outlet resistance 


Asymmetrical flaps are 
developed and denuded 
of mucosa, leaving a 1.5 cm 
mucosal flap for tubularization 


Figure 55.14 Koff’s variation of the Young-Dees-Leadbetter procedure also creates the neourethra from a posterior 
flap of urethra and bladder and covers it with a flap of demucosalized muscle. The construction of this flap is dif- 
ferent to other repairs that rely on two flaps. Koff makes a lateral incision of the bladder neck instead of opening the 
midline. This creates a single long flap on one side of the neourethra. The flap is then wrapped around the 
neourethra and sewn to itself with permanent sutures. It acts as a constant compression of the bladder outlet. (a) 
The bladder outlet is opened on one side. (b) A midline mucosal strip is tubularized and the mucosa is dissected 
from the remaining muscle flap. (c and d) The muscle flap is then rotated around the bladder outlet. 
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Figure 55.15 Mitchell returned to Young’s original concept of a narrowed bladder neck that is not reinforced with 
additional muscle layers. His repair mobilizes a triangular flap of anterior bladder and urethra based on the bladder- 
side blood supply and then rotates the flap into the bladder. It is the only repair that does not decrease bladder 
volume. (a) An incision is made across the anterior urethra, extending up along the posterior lateral wall of the blad- 
der outlet on each side. (b) The flap of bladder and urethra is rotated back into the bladder. (c) The incision is closed 


in the midline. 


Some other variations of the YDL procedure have 
been developed, including Koyle’s Thiersch-Duplay 
type-tubularization of the posterior bladder wall.!°! 
This procedure isolates and rolls a strip of mucosa into 
a tube in situ and then closes muscle and mucosa over 
the tube by rolling in the lateral tissue (Figure 55.16). 
He calls this the reverse Kropp or pPork repair, and 
has achieved 82% continence in neuropathic bladder 
patients. There may be problems with catheterization 
per urethra, and therefore all of his patients had an 
alternative access for bladder catheterization. 


(a) 


Arap et al presented the most radical variation of the 
YDL posterior-tube bladder neck repair for use in the 
most severe cases of exstrophy with tiny bladder plates. 102 
Their procedure is performed in two stages: the first stage 
is creation of a colon conduit with antirefluxing uretero- 
colonic anastomosis; the second procedure creates a tube 
in the same manner as the YDL procedure but uses the 
entire bladder except for the dome, which is left open as 
a wide funnel (Figure 55.17). 

The previously created colon conduit is then recon- 
figured as a reservoir and attached to the funneled 


Ca (a) 


Figure 55.16 Koyle presented a bladder neck reconfiguration that isolates a strip of posterior mucosa in the poste- 
rior midline of the bladder. This strip is then rolled into a tube, creating a neourethra. Finally, the neourethra is cov- 
ered with flaps of muscle and mucosa that have been mobilized lateral to the neourethra. (a) A mucosal flap is 
outlined. (b) The flap is then tubularized. (c) A second layer of muscle is closed. (d) Lateral mucosa is closed over 
the tube. 
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(a) First stage 


Non-refluxing 
colon conduit 


(b) Second stage 


E 
f 
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Narrowing the small bladder 


into a neourethra 


Creation of a continent urinary reservoir of 
bowel and using the tubularized bladder as urethra 


Figure 55.17 Arap’s staged bladder reconstruction is the most radical reconfiguration of the bladder outlet. In the 
first stage the ureters are transplanted from the bladder plate to a non-refluxing anastomosis into a colon conduit. 
The second procedure creates a neourethra from the entire bladder except for the dome, which is left open as a 
wide funnel. The colon conduit is then reconfigured as a reservoir and sewn to the funneled bladder. 


bladder plate. Arap reported a 75% continence rate 
with patients voiding frequently. Intermittent 
catheterization has provided continence and allowed a 
long dry interval in our limited experience with the 
Arap procedure. 


Tanagho bladder neck repair 


In 1968, Tanagho was studying function and 
anatomy of bladder muscle when he noticed ‘a con- 
densation of circle fibers above the internal 
meatus’.!93 He then designed the first anterior blad- 
der tube repair for incontinence and perfected it in 
dogs.!° Three years later he presented his experience 
in patients, including postprostatectomy adults.!95 


Tanagho intended to capture the muscle fibers of 
the anterior bladder and incorporate them into the 
bladder neck. He created a bladder-based flap from 
the anterior bladder just proximal to the urethra and 
rolled it into a tube for the neourethra (Figure 
55.18). He then divided the urethra from the original 
bladder neck and anastomosed the neourethra to the 
native urethra end to end. The effect of this maneuver 
was to lengthen the urethra and to create a new, more 
cephalad bladder neck. 

Tanagho achieved a 72% continence rate and 
patients voided well. He compared his long-term 
results in 50 patients to the YDL procedure per- 
formed in 25 patients and found a 70% success with 
the Tanagho anterior bladder tube compared with 
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Figure 55.18 Tanagho’s procedure created a neourethra from a strip of the anterior bladder neck and bladder. This 
allowed the creation of an angle at the posterior bladder neck. It required complete separation of the bladder from 
the urethra and a reanastomosis of the neourethra to the native urethra. (a) The bladder outlet is divided from the 
urethra and an anterior bladder-based tube is formed. (b) The flap is tubularized. (c) The posterior bladder is closed. 


(d) The tube is sewn to the urethra. 


52% with the YDL posterior tube.!°© One advantage 
of Tanagho’s bladder-based anterior flap was its 
applicability to short urethras, as demonstrated by 
Diamond and Ransley in urogenital sinus patients.!°7 
This application remains as the most likely use of the 
Tanagho repair in children today. Disadvantages 
include the necessity to divide the bladder from the 
urethra, possibly resulting in difficult catheterization, 
and loss of bladder volume. 


Kropp bladder neck repair 


In 1972, Jack Lapides made a contribution that 
changed forever our attitude and approach toward 
incontinence surgery.!8 His introduction of CIC 
controlled infection, decreased bladder pressure, and 
made many patients continent without further 


surgery.!0? CIC made voiding an option rather than a 
requirement, and changed the goals and results of 
incontinence surgery. 

Kropp was the first surgeon to develop a new blad- 
der neck reconstruction designed to take full advan- 
tage of CIC.!!° The goals of the surgery had changed. 
Dryness was foremost and voiding was no longer a 
consideration. CIC had been used in patients with 
other forms of bladder neck reconstruction before 
this, but they were all procedures that allowed the 
patient to void, at least in theory. The Kropp proce- 
dure was the first to preclude voiding. 

The Kropp procedure uses a full-thickness flap of 
anterior bladder muscle. This flap is based on the ure- 
thra, unlike Tanagho’s flap, which is based on the 
bladder. The full-thickness bladder flap is isolated 
from the bladder and rolled into a tube of the same 
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Figure 55.19 Kropp also creates a neourethra from a flap of anterior bladder neck and bladder but, unlike Tanagho, 
Kropp’s flap is based on the urethra. The flap is tubularized and then placed in a submucosal tunnel created along 
the midline of the posterior bladder wall. (a) An anterior urethral-based flap is mobilized. (6 and c) The flap is tubu- 
larized. A submucosal tunnel is made in the posterior bladder wall. (d and e) The tube is placed in the tunnel. 


diameter as the urethra. The tube is then reimplanted 
in a submucosal tunnel in the midline of the posterior 
bladder wall between the ureters (Figure 55.19). 

Advantages of Kropp’s reconstruction included a very 
high continence rate of 80-94%.111:-112 Kropp’s strict 
definition of continence has been complete dryness or 
rare leakage. The reoperation rate was high in the orig- 
inal series but most secondary procedures involved the 
storage function of the bladder and only 20% of 
patients required additional surgery to the bladder 
outlet. To facilitate storage and to compensate from 
bladder volume lost in construction of the tube, Kropp 
now suggests that all patients undergo a simultaneous 
bladder augmentation. There have been problems 
catheterizing through the repair but the improvement 
of leaving lateral attachments at the bladder neck intact 
and not completely separating the neourethra from the 
bladder has minimized this difficulty. 

In 1997, Snodgrass reported a series of 22 children 
treated with the modified Kropp procedure described 


by Belman and Kaplan.!!2113 Snodgrass created a 
urethral-based flap of anterior bladder wall and rolled 
it into a tube. He did not divide the bladder neck 
from the remainder of the bladder. The posterior 
bladder mucosa is then incised in the midline to create 
a trough and the tube is laid in this trough with the 
mucosa closed over the tube (Figure 55.20) No 
attempt is made to tunnel the tube. He reported a 
91% continence rate, defined as dry intervals of 3 
hours. Snodgrass notes that these patients are socially 
continent and will have slight leakage when catheter- 
ization is delayed. Bladder augmentation was per- 
formed in 91% of his patients at the same time as 
bladder outlet surgery. Just as in the original Kropp 
procedure, voiding is impossible. 


Pippi Salle bladder neck repair 


Pippi Salle developed a bladder outlet repair for incon- 
tinence by creating a neourethra composed of both 
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Figure 55.20 The Snodgrass variation of the Kropp procedure lays the Kropp tube in a trough instead of a tunnel. 
Construction of the tube is identical to Kropp. Creation of the trough shown in figures b, c and d is the only differ- 


ent maneuver. 


anterior and posterior bladder flaps.!4 This flap valve 
continence mechanism produces the only neourethra 
made of two separate flaps. Both anterior and posterior 
strips of bladder are isolated and the anterior flap is 
completely mobilized as a flap based on the urethra. 
The posterior flap is outlined with two parallel mucosal 
incisions and the posterior bladder muscle is left intact. 
The anterior bladder flap is then flipped down to 
oppose the posterior flap at the level of the posterior 
bladder wall. The two flaps are sewn together, creating 
a neourethra, which extends above the level of the 
ureters (Figure 55.21). Mucosa on either side of the 
strip of posterior bladder wall is mobilized and the 
muscle from the anterior strip is sewn to the muscle of 
the posterior bladder. The complete-thickness bladder 
tube is then covered with the previously mobilized 
bladder mucosa just lateral to the tube. 

The Pippi Salle repair produces continence rates of 
80%, and this repair is easy to catheterize primarily 
because the posterior wall remains intact.!!> Bladder 
volume is decreased by the use of bladder wall to 


create the continence mechanism. This repair also 
requires the patient to catheterize, as voiding is 
impossible. McLorie and Khoury have warned about 
the potential danger of damaging the blood supply 
while isolating the long thin anterior bladder flap.!!° 


Bladder neck closure 


The ultimate bladder neck reconfiguration is complete 
closure of the bladder outlet. Today, after years of 
experience, we feel that most but not all bladder necks 
can be made continent. Those, that cannot be 
repaired can be closed. The concept of bladder neck 
closure was made a viable option in 1980 when Paul 
Mitrofanoff constructed the continent appendicovesi- 
costomy and combined it with bladder neck closure in 
patients with neurogenic bladder!!!” (Figure 55.22). 
Duckett and Snyder presented variations of bladder 
neck closure and continent stomas and Van Savage et 
al presented a series of 46 children with closure of 
bladder neck. 118119 
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Figure 55.21 Pippi Salle creates a neourethra from an anterior and a posterior strip of bladder neck and bladder. 
The two are sewn together but only the anterior flap is mobilized completely. The posterior flap is isolated but not 
mobilized from the posterior bladder wall. The neourethra is then covered with mucosa and some muscle which is 
mobilized on each side. (a) An anterior bladder flap is mobilized. (6) A posterior bladder mucosal flap is mobilized. 
(c) The mucosa of the anterior and posterior flaps are sewn together. (d) The muscle of the flaps is sewn together. 
(e and f) The bladder mucosa in closed over the neourethra. 


In general, bladder neck closure is a procedure of 
last resort and is utilized after other more flexible 
options in bladder neck reconstruction have been 
exhausted. 120-121 The indications for bladder neck clo- 
sure are intractable urinary incontinence resistant to 
maximal medical management and reasonable surgi- 
cal management. Patients usually have failed previous 
incontinence surgery or suffer from a primary condi- 
tion that projects failure. The obvious advantage is 
complete urethral continence in as many as 96% of 
patients. Eighty-nine percent have stable upper uri- 
nary tracts and no bladder capacity is lost in the cre- 
ation of a continence mechanism.!?? Disadvantages 
include a complete lifelong reliance on an extra- 
anatomic method of bladder emptying and no pres- 


sure pop-off valve. Bladder neck closure does have 
complications, with one series reporting initial results 
of 20% with stomal incontinence and 40% with ure- 
thral fistulas and persistent urethral leakage.!?? With 
surgical revision, 85% became completely continent. 
In reviewing multiple reports, 65% of patients with 
closed bladder necks require additional surgery for 
complications such as fistulas, stones, augmentation, 
ruptures, and other revisions. 


The Mitrofanoff principle 


Mitrofanoffs contribution, now termed the Mitro- 
fanoff principle, has had a profound effect on inconti- 
nence surgery in children. His development of 
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Appendiceal stoma 
to umbilicus 


Submucosal tunnel 


Figure 55.22 Mitrofanoff used a continent catheteriz- 
able stoma to empty the bladder. By implanting the 
appendix into the bladder in a continent manner, he 
allowed efficient bladder emptying without relying on 
the urethra. This allowed him to close the bladder neck 
surgically, leaving the appendix as the only access with 
which to empty the bladder. 


(a) va 
G— 


alternative continent bladder access through a conti- 
nent stoma has relieved the necessity for the patient to 
either void efficiently or to catheterize through the 
reconstructed bladder neck. There have been other 
alternatives to Mitrofanoffs original use of appendix 
for extra-anatomic access to the bladder. Other 
options for continent bladder access include ureter, 
fallopian tube, bladder tubes, and tubularized 
bowel.!?4-!26 With the recent interest in the Malone 
antegrade continence enema (MACE) for patients 
with neuropathic bowel and bladder, the appendix 
has been used more often as access to the colon.!?7 
Tubularized ileum and Yang/Monti tubes have been 
the most dependable and flexible method of bladder 
access for these patients!?® (Figure 55.23). We have 
developed a longer ileal tube for patients with a 
greater distance between the bladder and skin??? 
(Figure 55.24). Today, an easily accessible, continent, 
catheterizable access for emptying the bladder is avail- 
able for almost all patients. 

We believe that catheterizable abdominal stomas pro- 
mote continence by avoiding manipulation of the 
reconstructed bladder neck. In some cases they encour- 
age patient compliance with intermittent catheterization 
because catheterizing through an abdominal stoma is 
easier and less time consuming than urethral catheteri- 
zation for many patients. Regular catheterization keeps 


(c) 


Figure 55.23 Monti popularized a concept originally described by Yang, who created a catheterizable tube from 
small bowel. (a) A 3-4 cm section of bowel is isolated on its mesentery and split on the antimesenteric border. (b) 
It is then closed along the transverse axis, 90° from the original. (c) This doubles the length of tube produced from 
a piece of bowel. The tube may then be implanted into the bladder for continent catheterizable access. 
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Figure 55.24 Casale presented a variation of the reconfigured ileal tube. (a) A 3-4 cm section of ileum is partially 
split into two rings, leaving the bowel over the mesentery intact. (b) The two rings are then split on opposite sides, 
allowing the bowel to be unfolded into a much longer flap. (c) Corners of bowel along the mesentery are trimmed 
off to make the strip uniform in width before it is tubularized. (d) The longer tube allows more flexibility in place- 


ment of the anastomosis, mesentery, and stoma. 


bladder pressures low and minimizes stress on recon- 
struction done at the bladder neck. Stomas allow the 
surgeon to be more aggressive in creating resistance at 
the bladder outlet because the urethra will not be 
needed as the primary access for catheterization. The 
combination of continent stomas and augmentation has 
allowed patients who have suffered multiple failed con- 
tinence surgeries to be salvaged with good results.19° 


Indicators for success 


The definition of continence has changed over the 
years and is open to interpretation by each surgeon. 
‘Social continence’ was felt to be adequate in the past 


and if a child used several continence pads per day but 
was free of diapers most pediatric urologists consid- 
ered their treatment successful. Our tolerance of wet- 
ness has been modified over the years; perhaps in 
response to the change in public policy in the 1970s 
to mainstream the education of children with disabil- 
ities. In more modern reviews, surgeons have been 
more specific in defining successful continence. Dry- 
ness, without the odor of urine, has become the 
expected goal. This evolution of the definition of suc- 
cess makes comparing results from different eras and 
series difficult. 

The effectiveness of procedures to treat the weak 
bladder outlet cannot be judged easily. Ultimate suc- 
cess is of course based on continence, but also 
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involves other criteria such as the ability to void and 
the need for other surgery to attain continence, such 
as bladder augmentation. It is unfair to compare pro- 
cedures that allow voiding with those that prevent 
voiding by design. 

Of the procedures that allow voiding, the YDL 
procedure, its variations, and the Tanagho have been 
the most successful, allowing 70-100% of patients to 
void initially. Voiding after this type of surgery is 
seldom normal, for these procedures usually produce 
a fixed resistance at the weak bladder neck. Voiding is 
often accomplished with abnormally high bladder 
pressures that are generated by a Valsalva’s maneuver. 
These pressures are necessary to overcome the static 
increased bladder outlet resistance. Even if the patient 
is able to void for a period of several years, the detru- 
sor may eventually fail and require intermittent 
catheterization. Many procedures produce 75% con- 
tinence rates, but often these rates are dependent on 
intermittent catheterization and chronic detrusor 
relaxation achieved with medication or augmentation. 

The artificial urinary sphincter would seem the best 
alternative for the patient who can void prior to 
surgery, as it provides a variable resistance at the blad- 
der neck and should allow voiding at more physio- 
logic pressures. Long-term studies of sphincters in 
children reveal that most patients eventually require 
intermittent catheterization because of inadequate 
emptying due to detrusor failure. The other compli- 
cations of inevitable reoperation and potential sec- 
ondary detrusor hyperreflexia are additional 
considerations with this device. If the patient does 
have the potential to void over a long period of time, 
the artificial sphincter is the best option. Around 80% 
of patients will be continent over a long period of 
time with the sphincter, although most require inter- 
mittent catheterization. Augmentation rates of 
30-35% in long-term selective studies are less than 
with other bladder procedures. 

Of the procedures that prevent voiding by design 
and rely on intermittent catheterization, the slings are 
the most simple and dependable in females and pro- 
duce 80% continence rates with good durability. The 
Pippi Salle bladder neck reconstruction produces 80% 
continence, whereas the Kropp procedure produces 
the highest continence rates, approaching 100%. 
Bladder neck closure is also very dependable but 
leaves the patient reliant on only one bladder access, 
an extra-anatomic continent stoma, and no pop-off 
valve. 

If one is choosing a bladder neck procedure, one 
must have specific goals in mind relating to the 


patient’s potential to void. Patients with neuropathic 
bladders from sacral agenesis, myelomeningocele, and 
spinal cord trauma have poor potential to void 
regardless of bladder outlet resistance. Patients with 
epispadias and some with exstrophy have better 
detrusor function as a group and have the best poten- 
tial to void. 

If the goals of surgery are to have the patient dry 
and voiding, the artificial sphincter would seem the 
best choice, followed by the YDL procedure or varia- 
tions. If the surgical goals are to have the patient dry 
and to catheterize through the bladder neck and 
urethra, the Pippi Salle repair or the artificial sphinc- 
ter allows continence with easy catheterization in 
most cases. If the goals are to have the patient dry and 
the bladder neck and urethra are not important for 
voiding or catheterization because a continent stoma 
is available, the Kropp repair and a bladder neck 
closure are good options. 

Another measure of success that has been used to 
judge bladder neck surgery is the need for bladder 
augmentation to achieve continence. On the surface, 
it would seem that the YDL procedure and its varia- 
tions and the Tanagho procedures are superior 
because series of these procedures report augmenta- 
tion rates of 0-40%. This compares with Kropp’s 
reported augmentation rate of 78%, bladder neck clo- 
sure of 61-80%, and rates of 80% with the Pippi 
Salle repair. Closer inspections of the series reveal that 
the patient groups are not comparable. Studies with 
the lowest augmentation rates (15-20%) are consis- 
tently made up of mostly epispadias, exstrophy, and 
urogenital sinus patients, whereas the series with high 
augmentation rates (70-90%) usually include a sig- 
nificant number of neuropathic bladders. The need 
for augmentation is much more a function of the 
underlying condition and the pathophysiology of the 
detrusor rather than a result of bladder outlet incom- 
petence or corrective surgery. 


Conclusions and recommendations 


Patients found to have incontinence due to bladder 
outlet incompetence as demonstrated by leak point 
pressures, cystograms, or cystoscopic examinations 
should always be treated with all available medical 
options needed to improve continence. CIC, anti- 
cholinergic medication, a-adrenergic medications, 
control of constipation, and control of infection 
should be utilized. If these methods fail and the 
patient and family have the sufficient motivation and 


Operations for the weak bladder outlet 865 


understanding of what continence procedures 
require, then the urologist may explore the surgical 
options. 

The patient and family should have a vital role in 
the decision-making process and they must under- 
stand the consequences of having surgery to increase 
leak point pressure. The surgeon makes a profound 
change in the physiology of the urinary tract and in 
doing so depends on the patient and family to per- 
form the management required by this change. 
Whether it is performing intermittent catheterization, 
emptying the bladder on schedule with an artificial 
sphincter, or taking medication, the success of the 
surgery and the health of the child depend on their 
willingness and ability to comply. 

Once the child, family, and surgeon agree to per- 
form a procedure to increase resistance at the bladder 
neck, there are many good options. The choice of 
procedure depends on the goals of surgery and the 
particular surgeon’s preferences. It is important to 
approach each patient individually. Children with 
incontinence that requires surgical management are 
often complex cases, with other health and social con- 
cerns. In general, however, we can look at the under- 
lying pathology and goals of surgery and recommend 
procedures that are good management options. 

If the child can void to completion prior to surgery 
and has a condition that may allow long-term void- 
ing, then the artificial sphincter or the YDL procedure 
is a good option. The conditions that leave children 
with relatively isolated bladder outlet incompetence 
and adequate detrusor function include epispadias, 
bilateral ectopic ureters, some surgical injuries to the 
bladder neck, and urogenital sinus anomalies. As a 
rule, artificial sphincters should not be used if there 
has been prior bladder neck reconstruction, such as in 
exstrophy closure, because of the risk of erosion. The 
rare child with pure stress incontinence may be 
treated with suspension of the bladder outlet using 
any of the procedures used in adult stress inconti- 
nence such as the McGuire or Raz. Slings may be 
used in children who void, but they should be applied 
loosely. 

Patients with exstrophy are still treated with the 
YDL procedure or one of the variations. New urody- 
namic data suggest that the procedures such as the 
YDL procedure, which surgically alter the trigone, 
may lead to worsening of detrusor function. Kaefer et 
al!31 studied epispadias patients and Diamond et al!#? 
reviewed exstrophy patients before and after bladder 
neck surgery, and both studies showed that most 
patients suffer a deterioration of filling and voiding 


dynamics. Most bladders developed high pressures, 
increased contractility, and diminished capacity, 
whereas some bladders increased in size and devel- 
oped poor contractility. Only 25% of 30 exstrophy 
patients maintained normal detrusor function after 
their bladder outlet resistance was surgically 
increased. We have yet to determine whether the 
detrusor functional changes observed are the result of 
surgical trauma to the bladder, increased demands on 
the bladder to retain urine and cycle, or are predeter- 
mined by different levels of dysfunction inherent in 
each exstrophy bladder. 

The newest development in exstrophy surgery is to 
perform the entire repair, including closure, bladder 
neck reconfiguration, and urethroplasty, as a single 
procedure in the newborn period. 188 We continue to 
perform staged repairs with the bladder outlet repair 
done at age 3 years. For the past 2 years we have been 
adding a continent umbilical urinary stoma at the 
time of bladder outlet repair. This allows the child to 
void per urethra and also offers easy access to check 
residual urine or to perform intermittent catheteriza- 
tion without violating the repaired bladder outlet if 
the child cannot void adequately. We believe that the 
surgeon should elevate and suspend the bladder neck 
and urethra at the same time as a bladder outlet 
reconfiguration such as the YDL procedure is per- 
formed. 

In patients who cannot void adequately prior to 
surgery and who have poor potential for good detru- 
sor function there are more options. These children, 
for the most part, have neuropathic bladders from 
myelodysplasia or other neurologic conditions. They 
will be dependent on CIC to empty the bladder. In 
girls, the fascial sling has become the treatment of 
choice because of its simplicity and reliability. In 
boys, there are many options but we currently use the 
YDL, Pippi Salle, or Kropp procedures. If the plan 
calls for intermittent catheterization through the 
repaired bladder neck in a boy the Pippi Salle proce- 
dure is preferred because it is easy to catheterize. At 
this time, almost all patients have the simultaneous 
creation of a continent catheterizable abdominal 
stoma. This allows easy access to the bladder and 
there is no need to worry about routine catheteriza- 
tion or catheter trauma to the repaired bladder outlet. 

The majority of children with neuropathic inconti- 
nence at the bladder outlet also have bladders with 
limited detrusor function and storage capacity. Most 
children today undergo a simultaneous augmentation 
cystoplasty to create a large, low-pressure, storage 
reservoir. There is no question that augmentation 
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alone will improve continence in this patient popula- 
tion even if the bladder outlet is weak.!4 In our expe- 
rience, augmentation alone has not provided reliable 
continence even in patients with reasonable bladder 
outlet resistance. For this reason, we believe that in 
most cases of reconstruction for incontinence, the sur- 
geon should maximize both bladder outlet resistance 
and the storage capacity of the bladder. 

In preparing the revised edition of this chapter, I 
was struck by the change in emphasis in surgical treat- 
ment of severe anatomic or neuropathic incontinence. 
New work in this field is directed toward less-aggres- 
sive surgical intervention such as slings, wraps, and 
injection therapy. There have been few advances in 
the area of major bladder outlet reconstruction in the 
past 8 years and, if anything, this surgery has become 
less radical as in the modifications of the YDL proce- 
dure. 

Procedures to improve resistance at the incompe- 
tent bladder outlet have been advanced greatly by the 
development of associated procedures such as bladder 
augmentation over the past 25 years. Two singular 
contributions in this field came from Lapides, with his 
concept of CIC, and Mitrofanoff, whose novel idea to 
create a continent catheterizable stoma allowed a non- 
urethral method of bladder emptying. Finally, the 
predictors of success in bladder outlet reconstruction 
remain unchanged despite any new advances. They 
are sufficient resistance at the bladder outlet, a low- 
pressure reservoir of adequate size, and a reliable 


means to empty the bladder efficiently. 
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Introduction 


The surgical management of the child with a neuro- 
pathic bladder can be a formidable task, but major 
advances in surgical technique have been made in 
recent decades. The ability to augment the capacity of 
the bladder with a piece of reconfigured bowel in con- 
junction with clean intermittent catheterization (CIC) 
has dramatically altered our ability to form a compli- 
ant urinary reservoir that protects the integrity of the 
upper urinary tract and promotes urinary continence. 
Conventional enterocystoplasty uses detubularized 
segments of small or large bowel. Despite the func- 
tional success of intestinocystoplasty, clinical experi- 
ence has demonstrated that numerous complications 
can result from the incorporation of small and large 
bowel and their associated heterotopic epithelium 
into the urinary tract. To avoid some of these delete- 
rious side effects of the use of bowel for bladder aug- 
mentation, several procedures have now been 
developed to augment the bladder without the use of 
bowel, including gastrocystoplasty, autoaugmenta- 
tion, seromuscular enterocystoplasty, and uretero- 
cystoplasty. In addition, recent advances in tissue 
engineering techniques have increased the possibility 
of regenerating new bladder tissue that is clinically 
useful for augmentation purposes. This chapter 
reviews the relevant surgical anatomy and physiology, 
advantages and disadvantages, surgical technique, and 
clinical results of conventional enterocystoplasty and 
each of the alternative procedures that avoid the use 
of bowel. These are summarized in Table 56.1. Since 
the care of the child with a neuropathic bladder can be 
complex and requires individualization that is depen- 
dent on the desires of the patient and family, famil- 
iarity with each of these procedures is extremely 
important for the pediatric urologist when consider- 
ing augmentation cystoplasty. 


Indications and preoperative 
assessment 


Enterocystoplasty is performed when there is a need 
to enlarge and/or decrease the storage pressure in the 
native bladder. This can result from a host of condi- 
tions, including spina bifida, spinal cord trauma, pos- 
terior urethral valves (PUV), dysfunctional voiding, 
radiation, and infectious or other chronic inflamma- 
tory processes. Enterocystoplasty is intended to 
relieve high-pressure and low-capacity characteristics. 
There are two major indications for enterocysto- 
plasty. The first is the presence or risk of upper tract 
deterioration secondary to a poorly compliant blad- 
der. The second indication is when the bladder is a 
causative factor in urinary incontinence. All patients 
who are being considered for enterocystoplasty 
should be thoroughly studied with preoperative uro- 
dynamics and initially treated by medical alternatives 
such as anticholinergic medications and/or intermit- 
tent catheterization. It is extremely important that 
patients understand that, in most instances, entero- 
cystoplasty will not result in normal voiding and a 
lifelong commitment to intermittent catheterization 
will be required.1 

Lapides landmark studies in the early 1970s, 
demonstrating that intermittent catheterization can be 
performed safely and effectively in children,?* have 
had the single greatest impact on the ability to perform 
enterocystoplasties in children. If a patient is not ded- 
icated to performing lifelong intermittent catheteriza- 
tion, then a non-continent form of urinary diversion 
should be chosen instead of enterocystoplasty. 

The goals of enterocystoplasty are to change the 
native bladder environment by reducing storage pres- 
sure and increasing volume. A thorough preoperative 
evaluation will help to determine which type of aug- 
mentation is most appropriate and beneficial for each 
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Table 56.1 Advantages and disadvantages of procedures for bladder augmentation 


Procedure 


Advantages 


Disadvantages 


Intestinocystoplasty 


Gastrocystoplasty 


Autoaugmentation 


Seromuscular 
enterocystoplasty 


Extremely compliant tissue 
Availability of tissue 
Proven long-term clinical efficacy 


Moderately compliant tissue 

Easily definable submucosal plane for 
reimplantation 

Minimal mucus and stone formation 


Acid buffering in renal insufficiency patients 


Preservation of native urothelium 
Avoids bowel 

Technically less demanding procedure 
Extraperitoneal procedure 

Does not preclude future conventional 
enterocystoplasty 


Preservation of native urothelium 
Muscle-backed mucosa not well defined 


Heterotopic epithelium 

Mucus 

Infections 

Stones 

Hyperchloremic metabolic acidosis 
Malignant transformation 
Spontaneous rupture 


Hematuria dysuria 
Hypochloremic hypokalemic 
metabolic alkalosis 


Inability to predict success 
preoperatively 


Technically more demanding 
procedure 


Ureterocystoplasty 
Muscle-backed mucosa 
Compliant tissue 
Avoids bowel 


Preservation of native urothelium 


Factors that predict success 
preoperatively 


Limited patient population 
Large surgical incision(s) 


child. Major factors that must be addressed before 
proceeding with enterocystoplasty include (1) assess- 
ment of renal function; (2) absence or presence of 
reflux and/or ureteral dilatation; (3) determination of 
outlet resistance; (4) history of bowel dysfunction; 
(5) need for a continent catheterizable stoma; (6) 
physical and mental capacity to perform intermittent 
catheterization; and (7) previous urinary diversion. 
Since there is currently no perfect bladder augmenta- 
tion applicable to all children, all of the above factors 
must be considered in order to make the most suitable 
and best choice for the patient and family. 


Renal function 


Renal function can be assessed by measurement of 
serum creatinine, using one of several methods to cal- 
culate estimated creatinine clearance, 24-hour urine 
collection, or estimation of glomerular filtration rate 
via a radioisotope renal scan. The authors prefer to 
obtain a serum creatinine and nuclear renal scan 
before any type of bladder augmentation. In patients 
with abnormal renal function, a 24-hour urine collec- 


tion for volume and creatinine clearance is also per- 
formed. The information obtained from this assess- 
ment may make one segment of bowel or an 
alternative procedure more attractive or appropriate 
than others. For example, in a patient with chronic 
renal insufficiency, a gastrocystoplasty is often a better 
choice than intestinocystoplasty because fewer urinary 
wastes are absorbed and electrolyte disturbances such 
as metabolic acidosis are reduced. 


Reflux and ureteral dilatation 


The presence of reflux and/or massive ureteral dilatation 
is an important preoperative determinant. When mas- 
sive ureteral reflux is present, the exact bladder capacity 
and compliance may be difficult to assess. Occlusion of 
the ureteral orifices with balloon catheters can theoreti- 
cally be helpful in assessing these parameters. An anes- 
thetic is usually required to place these catheters. 
Although this technique has been reported, the authors 
have not found this procedure to be very helpful. 
Although reflux has been reported to resolve spon- 
taneously after enterocystoplasty,*7 antireflux surgery 
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should be considered at the time of reconstruction, 
especially if reflux occurs at low intravesical pressures. 
In patients who have low to moderate grade reflux in 
association with high intravesical pressures and poor 
bladder compliance, enterocystoplasty alone without 
ureteral reimplantation can be considered, as low- 
grade reflux tends to resolve with reduction of intrav- 
esical pressure. Recently, endoscopic subureteric 
injection with dextranomer/hyaluronic acid copoly- 
mer has been shown to correct reflux with a reason- 
able degree of success. Thus, in cases of mild to 
moderate reflux that occur at elevated pressures, the 
authors are more likely to proceed with augmentation 
without concomitant open reimplant surgery. If the 
reflux does not resolve after augmentation, endo- 
scopic correction can be performed. Alternatively, 
endoscopic correction can be considered at the time 
of augmentation, especially in cases where concomi- 
tant bladder neck procedures that may limit endo- 
scopic access are being performed. 

In patients where there is ureteral dilatation in the 
absence of reflux, a very low-pressure reservoir must 
be constructed so that adynamic ureters can propel 
the urine into the bladder. Although not well docu- 
mented in the literature, clinical experience strongly 
suggests that dilated ureters with walls that do not 
coapt are not capable of generating a peristaltic wave 
of greater than 40 cmH,O. Thus, dilated ureters are 
likely to require very low intravesical pressures, well 
below 40 cmH,0, for proper efflux of urine into the 
bladder. 

Preoperative assessment of native bladder wall 
dynamics can be extremely difficult in patients who 
have a neuropathic bladder with an open bladder neck 
and low outlet resistance. In these patients who leak 
from an empty bladder, cyclical filling and distention 
of the bladder do not occur. The bladder has not been 
stretched under physiologic conditions. When per- 
forming preoperative urodynamics in these patients, a 
balloon catheter can be snugged down into the blad- 
der neck to prevent leakage, allowing bladder capacity 
and compliance to be evaluated. This technique has 
been reported to be a good predictor of the need for 
future augmentation.’ However, Kronner et al? 
demonstrated that preoperative urodynamics in such 
patients do not necessarily correlate well with even- 
tual bladder outcome. They concluded that preopera- 
tive assessment of bladder capacity and compliance 
could not reliably predict which patients would even- 
tually require enterocystoplasty after outlet resistance 
had been increased. Since preoperative urodynamics 
do not appear to be accurate in patients with an open 


bladder neck, the decision to perform an enterocysto- 
plasty in conjunction with a bladder neck procedure 
should be based on preoperative discussions regard- 
ing the risks and benefits of immediate versus delayed 
enterocystoplasty. 


Previous urinary diversion 


As with patients with low outlet resistance, those with 
a defunctionalized bladder secondary to previous uri- 
nary diversion who are being considered for undiver- 
sion or transplantation are also difficult to assess 
preoperatively with regard to the need for bladder 
augmentation. In patients with a vesicostomy, urody- 
namics can be performed by occluding the vesicos- 
tomy with the balloon from the urodynamic catheter. 
For the same reasons previously described for patients 
with a poor outlet, interpretation of these urody- 
namic findings and assessment of their significance 
may be difficult. In PUV patients who have previ- 
ously had urinary diversion and subsequently undergo 
renal transplantation, there are good data showing 
that the native bladders re-expand and regain function 
irrespective of preoperative urodynamic findings. 10-12 
Currently, there are few data on outcomes in patients 
with neuropathic bladders associated with spina bifida 
after primary closure or undiversion without entero- 
cystoplasty; however, if the original diversion was 
done for poor compliance or volume, augmentation is 
likely to be required. 

In the defunctionalized bladder not associated with 
spina bifida, some authors feel that bladder cycling 
may help to determine whether a bladder is adequate 
for closure without augmentation.!!!? A gastrostomy 
button placed in the vesicostomy to facilitate bladder 
cycling can be used in these patients. 13 The authors’ 
experience has been that preoperative bladder cycling 
can be helpful in some patients, at least in increasing 
bladder capacity. However, urodynamic results 
remain difficult to interpret in many patients. In gen- 
eral, we favor undiversion without augmentation 
when there is doubt as to whether augmentation will 
be required. Secondary enterocystoplasty can always 
be performed in patients in whom the bladder does 
not eventually attain adequate bladder compliance 
and capacity following undiversion or transplanta- 
tion. It should be emphasized that this approach is 
only recommended for patients with a defunctional- 
ized bladder not associated with spina bifida, since 
such patients usually do poorly following vesicostomy 
closure. Reliable follow-up also needs to be assured in 
all patients following undiversion. 
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Bowel function 


A thorough evaluation of bowel function, including a 
history of constipation or diarrhea, must be carried 
out prior to enterocystoplasty. Postoperative bowel 
dysfunction can occur in up to 50% of patients who 
have undergone enterocystoplasty.!4 In addition, 
King} found that removal of the ileocecal segment in 
children with spina bifida causes severe diarrhea in 
approximately 10% of patients. However, in a more 
recent series of 63 patients who underwent ileal cecal 
cystoplasty, bowel complication was found to be only 
3%.16 Nevertheless, before undertaking any type of 
urinary reconstruction that involves the use of a 
bowel segment, discussion with the patient and family 
should include potential gastrointestinal complica- 
tions. The type of augmentation should be chosen 
with these potential complications in mind. 


Ability to catheterize 


Since most patients who undergo enterocystoplasty 
will not be able to void completely without lifelong 
intermittent catheterization, one should consider the 
formation of a catheterizable stoma at the time of the 
augmentation. This is especially important in patients 
who are sensate or are in wheelchairs. Clinical experi- 
ence has shown that when both the native urethra and 
a catheterizable stoma are present, the majority of 
patients will choose to use the catheterizable stoma. 
In addition, assessment of the physical and mental 
capacities of the patient and family must be under- 
taken to make sure that they will be able to perform 
intermittent catheterization on a regular schedule. 
Families want to believe that their child will become 
continent after enterocystoplasty and that the kidneys 
will be protected. However, the amount of time and 
effort that will be required is often not appreciated pre- 
operatively. Therefore, all must understand the risks and 
benefits of enterocystoplasty prior to surgery and the life- 
long commitment to a rigorous schedule of intermittent 
catheterization. Since there are many potential problems 
associated with failure to catheterize, including sponta- 
neous bladder rupture and death, urinary reconstruction 
should be deferred until the patient has the physical and 
mental maturity needed to care for him or herself. 


Intestinocystoplasty 


Small bowel 


Currently, ileum is the most commonly used bowel 
segment for enterocystoplasty. The abundant supply 


of small bowel, easy workability, mobility, reliable 
blood supply, and compliance of the reconfigured 
ileum have led most reconstructive surgeons to 
choose ileum over other bowel segments. Although 
the jejunum can be used for urinary reconstruction, 
the high incidence of metabolic complications 
(hyponatremic, hypochloremic, and hyperkalemic aci- 
dosis) associated with use of this segment make it less 
desirable and thus it is rarely used. The major con- 
traindications to the use of ileum are a history of short 
gut syndrome, inflammatory bowel disease, pelvic 
and/or abdominal radiation, and significant renal 
insufficiency. Under these conditions, alternative seg- 
ments such as stomach are more appropriate. 


Anatomy and physiology 


The proximal two-fifths of the small bowel proper is 
jejunum and the distal three-fifths is ileum. The coils 
of mid-ileum usually lie in the pelvis, whereas the ter- 
minal 30 cm of ileum, the most commonly used por- 
tion for enterocystoplasty, usually rises out of the 
pelvis to lie in close relationship to the cecum and the 
ascending colon. 

The mesentery of the small bowel attaches to the 
posterior abdominal wall. The ‘root of the small 
bowel mesentery runs obliquely across the abdomen. 
As the root of the mesentery runs obliquely from left 
to right, it crosses, in order, the abdominal aorta, the 
vertebral column, and the third portion of the duode- 
num. The mid-portion of the small bowel has the 
longest mesentery, whereas the segments of the small 
bowel closest to the cecum and the duodenojejunal 
flexure have the shortest. Therefore, in patients in 
whom the mesentery is short, a segment of ileum 
30 cm or more above the ileocecal valve will be the 
most mobile and will reach the furthest into the pelvis. 

The arterial supply to the entire small bowel is 
derived from the superior mesenteric artery (Figure 
56.1). There are usually 12-16 branches of the supe- 
rior mesenteric artery running to the jejunum and 
ileum and entering the small bowel at its mesenteric 
border. The ileocolic artery is the most distal segment 
of this vessel. It is found in the right lower abdominal 
quadrant, where it gives off branches that supply the 
terminal ileum, the cecum and appendix, and the 
proximal ascending colon. Venous drainage of the 
small bowel occurs through multiple mesenteric chan- 
nels that coalesce to form the superior mesenteric 
vein. It is this abundant and redundant blood supply 
that makes the use of different segments of ileum 
viable for urinary reconstruction. 
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Figure 56.1 Arterial blood supply to the small intes- 
tine. The portion of the ileum with the longest mesen- 
tery that is commonly used for intestinocystoplasty is 
around 20-30 cm proximal to the ileocecal valve. 
(Adapted from Lindner,'” with permission.) 


The small intestine is innervated from the auto- 
nomic plexuses grouped around the ‘take-off of the 
superior mesenteric artery from the aorta. These 
plexuses preganglionic parasympathetic 
nerves from the vagus as well as postganglionic sym- 
pathetic fibers from the celiac plexus. The submucosa 
of the small intestine contains the nerve plexus of 
Meissner. Between the longitudinal and circular 
muscle of the small bowel is the intramuscular myen- 
teric (Auerbach’s) plexus, consisting of non-myeli- 
nated nerve fiber plus numerous ganglion cells. 

The bowel wall is made up of an outer serosal coat, 
two layers of muscle (outer longitudinal smooth 
muscle and inner circular smooth muscle), a submu- 
cosal layer, and a mucous membrane composed of a 
single layer of columnar epithelial cells. Since the 
muscle and epithelial layers are relatively thin, the 
plane between these layers is difficult to establish sur- 
gically; therefore, tunneling procedures for ureters 
and catheterizable stomas may be quite difficult in 
small bowel. 

The physiology of the small and large intestine 
involves an intricate balance of water and electrolyte 
shifts. The major mechanisms of intestinal transport 
of water and electrolytes are illustrated in Figure 56.2. 
Water and electrolyte movement varies throughout 
the length of the bowel. These changes can be 
accounted for by both structural and functional dif- 
ferences between the small and large bowel. The 
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Figure 56.2 Intestinal transport mechanisms. Sodium 
absorption in both the small and large bowel is trans- 
cellular and occurs via a Na*-H* exchanger on the 
apical membrane and a Nat-K* pump on the basolat- 
eral membrane. The colon has an additional pathway 
of entry for Na* via conductance channels, which 
allows for non-coupled sodium absorption. Chloride 
and bicarbonate transport is coupled, which is perti- 
nent in the development of metabolic acidosis follow- 
ing intestinocystoplasty. Water and electrolyte 
movement also occurs via paracellular pathways asso- 
ciated with tight junctions between the cells. Paracellu- 
lar movement occurs more in the ileum than in the 
colon owing to leakier tight junctions. (Adapted from 
Lindner,'” with permission.) 


major structural difference between the small and 
large bowel involves the ‘tight junctions that join the 
epithelial cells (see Figure 56.2). These tight junctions 
have characteristic permeabilities and ionic conduc- 
tance that form the basis for paracellular ion and 
water movement.!® Because such junctions are tight- 
est in the colon and more permeable or leaky in the 
proximal small bowel, paracellular movement may 
account for a significant portion of water and elec- 
trolyte transport in the small bowel, and not play as 
an important role in the colon. 

Although paracellular movement accounts for 
some of the bidirectional water and electrolyte trans- 
port, most of these shifts are thought to occur via 
transcellular mechanisms that occur through the 
intestinal absorptive cell. A characteristic example of 
the intestinal absorptive mechanism is the Na*/K*- 
ATPase enzyme, which is located on the basolateral 
membrane. This pump maintains low intracellular 
sodium concentrations and thus creates an electro- 
chemical gradient for sodium absorption as well as 
passive transport of other electrolytes and water. 

Sodium entry in the small bowel is accomplished 
by way of a Nat-H* countertransport system in the 
apical membrane. In addition, a significant portion of 
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the sodium entry into the colon also occurs via elec- 
trogenic Nat conductance channels that allow for 
non-coupled sodium absorption. The presence of this 
channel in the colon probably accounts for its ability 
to transport Na* and water against large gradients. 

Chloride is absorbed throughout the entire small 
and large bowel. Bicarbonate is absorbed in large 
quantities in the jejunum but secreted in the ileum 
and colon. Chloride absorption in exchange for 
HCO, secretion plays a large role in the transport of 
these electrolytes in the ileum and colon. Nat—Ht 
exchange and Cl—HCO,° exchange occur together. 
The net result is the electroneutral absorption of Na* 
and CI. 

Metabolic acidosis may develop whenever urine is 
in contact with ileal or colonic mucosa. The mecha- 
nism by which this hyperchloremic metabolic acidosis 
occurs is thought to be directly related to ammonium 
(NH,*) reabsorption that can occur along the entire 
small and large bowel. It is likely that the inhibitory 
effect of ammonium on Nat—H* exchange allows 
ionized ammonium transport where it substitutes for 
sodium in the Nat-H* exchanger.!? The result of 
this ammonium absorption is increased Cl absorp- 
tion in order to maintain electrical neutrality. This 
leads to hyperchloremia and eventual metabolic aci- 
dosis. Although the exact physiologic mechanisms of 
electrolyte transport continue to be defined, it must 
be remembered that the major function of the intes- 
tine, regarding this transport, does not change when 
intestine is used for urinary reconstruction. Contin- 
ued fluid and electrolyte fluxes account for the major- 
ity of the physiologic problems associated with the 


use of intestine in the urinary tract. 


Advantages and disadvantages 


Ileum is the most commonly used bowel segment for 
bladder augmentation. The advantages realized with 
use of ileum are (1) large quantity available; (2) ease 
in handling and reconfiguration; (3) predictable and 
abundant blood supply; (4) most compliant segment 
of bowel; (5) moderate mucus production compared 
with colon; (6) less severe metabolic complications 
than colon or stomach; and (7) fewer gastrointestinal 
complications than cecum. 

The disadvantages in using ileum include (1) occa- 
sional short mesentery that cannot reach the pelvis; 
(2) possible development of diarrhea and vitamin B}, 
deficiency when the most distal ileum is used; (3) dif- 
ficulty with creation of submucosal tunnels; and (4) 
metabolic acidosis; as well as (5) bowel obstruction; 


(6) stone formation; (7) mucus production; (8) uri- 
nary tract infections (UTIs); and (9) tumor forma- 
tion, all of which are risks with large bowel segments 
as well. 


Large bowel 


Through the early 1980s, the cecum and sigmoid 
colon were more commonly used than ileum for ente- 
rocystoplasty. However, because of the shorter 
mesenteries, increased mucus production, and diffi- 
culty with configuration associated with large bowel, 
ileum has come to be the preferred segment of bowel 
for enterocystoplasty for most surgeons. Neverthe- 
less, detubularized large bowel is still used for simple 
bladder augmentation in select patients, and in the 
hands of some surgeons, sigmoid colon may be the 
preferred segment. 


Anatomy and physiology 


Anatomically, the large bowel can be divided into five 
sections: (1) the cecum and vermiform appendix; (2) 
the ascending colon and the hepatic flexure; (3) the 
transverse colon and mesocolon; (4) the splenic flex- 
ure and descending colon; and (5) the sigmoid colon. 

The colon is 1.4-1.7 m in length. Its diameter is 
greatest on the right side and gradually decreases as it 
approaches the sigmoid colon. The diameter of the 
sigmoid colon is often no wider than a loop of termi- 
nal ileum. The large bowel is made up of five distinct 
layers: serosa, muscularis externa, submucosa, muscu- 
laris mucosa, and mucosa. The outer serosal coat is a 
component of the peritoneum and normally com- 
pletely covers the cecum, the appendix, and the trans- 
verse and sigmoid colon segments. The muscularis 
externa of the large bowel is composed of a complete 
inner circular and incomplete outer longitudinal layer 
of smooth muscle. The submucosa is composed of 
areolar tissue and lies between the muscularis externa 
and the muscularis mucosa. This layer contains the 
blood and lymphatic vessels supplying the bowel and 
is also the most important layer when developing an 
anastomotic site. The thin muscularis mucosa is made 
up of circular and longitudinal smooth muscle. The 
mucosa is composed of a layer of simple columnar 
epithelium containing goblet cells and is smooth and 
devoid of villi. 

The muscle layers of the colon are notably different 
from those of the stomach, small intestine, and 
rectum. Longitudinal smooth muscle covers the large 
bowel incompletely. The longitudinal fibers are 
arranged in three narrow but distinct bands called 
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teniae coli. The teniae of the cecum and ascending 
colon have a constant position relative to the bowel 
circumference. One band lies on the ventral surface of 
the colon, whereas the other two lie medial and lateral 
to the ventral band. The teniae of the transverse colon 
are less constant in position. Near the rectosigmoid 
junction the teniae become quite indistinct. The 
unique anatomy of the teniae facilitates reimplanta- 
tion of ureters, appendix, and catheterizable stomas to 
create a reliable flap-valve continence mechanism. The 
deep circular muscular coat of the colon wall is visible 
between the longitudinal muscle fibers of the teniae. 
Contractions of the colon produce a pouching or sac- 
culations of the bowel between the teniae. These 
pouchings, or haustra, are randomly distributed and 
are easily noted on gross examination and visible on 
X-ray studies. 


Cecum and vermiform appendix 


The cecum measures approximately 6 cm in length 
and lies caudal to the entrance of the ileum into the 
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colon. It is the thinnest portion of the colon. The 
cecum is normally mobile. In over 90% of individuals 
it is completely covered with peritoneum and pos- 
sesses no mesentery. In some patients, such as children 
with spina bifida and ventroperitoneal shunts, the 
cecum can become fused with the posterior abdominal 
wall. This in turn causes foreshortening of the peri- 
toneal attachments, resulting in the cecum becoming 
more superiorly located in the right colic gutter.?° 

The terminal 14 cm of ileum, the cecum, appendix, 
and the ascending colon are supplied by the ileocolic 
artery, which is the terminal segment of the superior 
mesenteric artery. The ileocolic artery ends just prox- 
imal to the ileocecal junction and then divides into 
four major branches. The most superior branch, the 
colic artery, passes to the ascending colon, anasto- 
mosing with the descending branches of the right 
colic artery initiating the right colic portion of the 
marginal artery of Drummond or mesenteric arcade 
(Figure 56.3.). 

The three bands of teniae coli originate at the base 
of the appendix. The appendix varies in length from 
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Figure 56.3 Arterial blood supply to the large bowel. Preservation of the marginal artery is extremely important 
when isolating portions of colon for intestinocystoplasty. (Adapted from Lindner,'” with permission.) 
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2 to 20 cm, with an average of 9 cm. In the majority 
of patients, the appendix is held in position by the 
posterior inferior ileocecal fold. In about 5% of 
patients, the mesentery of the appendix runs directly 
from the posterior peritoneum in the region of the 
ileocecal junction onto the midportion of the appen- 
dix, at which point it is usually joined by the appen- 
dicular artery, a branch of the ileocolic artery. The 
appendicular artery arises either as a branch of the 
posterior cecal artery or directly from the main ileo- 
colic trunk. It may also arise from the ileal branch of 
the ileocolic artery. Regardless of its site of origin, the 
appendicular artery will usually pass dorsal to the 
most distal segment of the terminal ileum before it 
enters the mesoappendix. 


Ascending colon and transverse colon 


The ascending colon occupies most of the right side 
of the abdominal cavity and extends from the cecum 
to the hepatic flexure. The blood supply to the 
ascending colon comes from the colic branches of the 
ileocolic artery, the right colic artery, and the right 
branches of the middle colic artery. The right colic 
artery is the most variable vessel in the colon and is 
absent in 5-7% of people. The transverse colon 
receives blood from the left colic artery; however, the 
major supplier is the middle colic artery, which is a 
more direct branch of the superior mesenteric artery. 


Sigmoid colon 


The sigmoid colon frequently has an S-shape, and is 
divided into a fixed superior and a mobile inferior 
portion. The fixed portion of the sigmoid colon 
begins at the level of the iliac crest. The mobile por- 
tion of the sigmoid colon begins at the medial border 
of the left psoas major muscle and ends where it joins 
the rectum. The length, location of loops, degree of 
redundancy, relationship to other structures, and 
mobility of the sigmoid colon are markedly variable. 
It is very common in the spina bifida population to 
encounter sigmoid colon so enlarged and redundant 
that the mobile portion crosses the midline and lies 
anterior to the cecum. 

The inferior mesenteric artery is the major vessel to 
the left transverse colon, the splenic flexure, the left 
colon, the sigmoid colon, and the rectum. The left 
colic artery is the first branch of the inferior mesen- 
teric artery and runs in the direction of the superior 
half of the descending colon. The ascending branch of 
the left colic artery runs superiorly and parallel with 
the left colon, contributing to the marginal artery of 


Drummond. The descending branch of the left colic 
artery supplies the fixed segment of the sigmoid. The 
sigmoid arteries, which are second branches of the 
inferior mesenteric, supply the lower portion of the 
descending colon, the sigmoid colon, and a small seg- 
ment of the upper rectum. 


Advantages and disadvantages 


The ileocecal segment and cecum have been used 
extensively in reconstructive urology. One major 
advantage of these segments is utilization of the por- 
tion of bowel that has the largest diameter, which 
results in a capacious and compliant reservoir that 
often fits the bladder base neatly. It has a well-defined 
blood supply that is reliable. The modified ileocecal 
valve can also be used as an antireflux or continence 
mechanism. 

The major disadvantage in using the ileocecal seg- 
ment is related to the loss of the ileocecal valve in the 
intestine. Patients with neurologic disorders or short 
gut may have an increased incidence of diarrhea and 
difficulty with fecal continence following removal of 
this segment from the intestinal tract. In addition, it 
is not available in the cloacal exstrophy population 
who have little or no hindgut. The ileocecal segment 
also reabsorbs urinary wastes, which may result in 
hyperchloremic acidosis. Finally, cecum usually pro- 
duces more mucus than the ileum, which can lead to 
increased infections and stone formation. 

The major advantage in using sigmoid colon is the 
redundancy that is present, especially in the spina 
bifida population. The mobile portion of the sigmoid 
is so redundant in such children that it often lies in the 
right lower quadrant. It can be easily opened and 
reconfigured into a U-shape to increase compliance. 
The thicker muscle can be used to create an antireflux 
ureteral anastomosis as well as for placement of a tun- 
neled continent catheterizable stoma such as the 
appendix. 

The major disadvantage in using the sigmoid colon 
is the reduced ability to create a large-capacity, com- 
pliant reservoir. The diameter of the sigmoid may be 
only as large as the ileum. In this circumstance, a seg- 
ment of colon at least 20-28 cm is required to create 
an adequately sized reservoir. This amount of sigmoid 
colon can occasionally be difficult to obtain in the 
non-spina bifida population. Mucus production from 
the sigmoid is increased compared with small bowel. 
This may increase the potential for the development 
of UTI and bladder stones. In the Indiana series the 
highest spontaneous perforation rate occurred among 
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those with sigmoid cystoplasties.?! However, this has 
not been observed in other large series. Finally, hyper- 
chloremic acidosis is more common when the sig- 
moid colon is used, compared with other bowel 
segments. Frequently, patients will need lifelong alka- 
lizing agents, but this is also true after cecocystoplasty 
or ileocystoplasty.?? 


Surgical technique 


The goals of bladder augmentation are to provide a 
large-capacity, low-pressure urinary 
Hinman? and Koff, in particular, have documented 
the importance of detubularization and reconfigura- 
tion of the small and large bowel to facilitate maxi- 
mum gains in capacity and compliance. 
Detubularization of bowel segments prevents syn- 
chronous contractions of the circular muscle of the 
gut. Since the radius of the reservoir is directly related 
to the volume, a greater radius in the augmented 
bladder translates into a larger low-pressure reservoir. 
The diameter of the reconfigured bowel segment 
increases with the number of folds that are incorpo- 
rated during the reconfiguration (Figure 56.4). 


reservoir. 


Double fold 
or 'U' configuration 


Triple fold 
or 'S' configuration 


Figure 56.4 The detubularized ileum can be reconfig- 
ured in numerous ways. Each additional fold increases 
the potential radius of the augmented bladder. 
(Adapted from Rink and Adams,? with permission of 
WB Saunders.) 


Regardless of the bowel segment used for augmenta- 
tion, detubularization and reconfiguration should 
always be employed. 


lleocystoplasty 


Enterocystoplasty is very reliable in lowering storage 
pressures and expanding the capacity of the non-com- 
pliant bladder. Ureteral reimplantations and proce- 
dures to increase outlet resistance can safely be 
undertaken at the same time. However, not every 
augmentation is completely successful. This may be 
related to the bladder having a great tendency to re- 
form itself, turning the augmentation into a divertic- 
ulum with a relatively small opening. To prevent this, 
the bladder should be bivalved (‘clamshelled’) from 
the bladder neck ventrally to the trigone posteriorly. 
Alternatively, when the bladder is small and thick 
walled, the ‘star’ modification can be performed”® 
(Figure 56.5). The star procedure involves opening 
the bladder in the sagittal plane. A second incision is 
then made in the coronal plane. If ureteral reimplan- 
tation or bladder neck reconstruction is being per- 
formed, the second incision is not made until after 
these procedures are completed. The authors will also 
occasionally employ an upside-down U-shaped or a 
Boari flap modification for the initial bladder opening 
when a catheterizable stoma is being positioned at the 
umbilicus. In severely diseased bladders from tuber- 
culosis, schistosomiasis, interstitial cystitis, and rarely 
bladder exstrophy, supratrigonal bladder excision is 


(a) 


Figure 56.5 The native bladder can be opened in sev- 
eral ways: (a) bivalved in a ‘clam’-like fashion with full 
extension of the incision into the bladder neck to pre- 
vent an hourglass deformation of the augmented blad- 
der; (6) the ‘star’ modification; (c) a ‘U’ incision to 
create a flap of bladder that can be used for tunneling 
when creating a continent catheterizable stoma to the 
umbilicus. 
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sometimes necessary, as in neuropathic bladders when 
the walls are very thick. Whatever type of bladder 
opening is used, the goal is the same: to provide a 
wide bladder plate to which the bowel segment can be 
sewn, thus preventing a narrow anastomosis or hour- 
glass deformity that might result in the augmentation 
becoming a diverticulum. 

When using ileum for enterocystoplasty, the seg- 
ment chosen should be at least 15 cm proximal to the 
ileocecal valve to prevent vitamin B,, malabsorption, 
diarrhea due to malabsorption of bile salts, and poten- 
tial injury to the blood supply to the cecum. Guide- 
lines on the length of ileum required to obtain the 
appropriate size and shape of the augmentation 
vary.2+27 Most commonly, an ileal segment between 
20 and 35 cm in length is used. However, a slightly 


longer segment may be required in an older child or 
an individual with a severely diseased and contracted 
bladder. 

Prior to harvesting the ileal segment, it is important 
to ensure the mesentery reaches well down into the 
pelvis. Extensive mobilization of the mesentery is 
sometimes required if it is foreshortened. This is most 
common in the spina bifida population, often sec- 
ondary to spinal abnormalities and the intraperitoneal 
adhesions that occur from the ventriculoperitoneal 
shunt. Once the appropriate bowel segment has been 
selected, the bowel is divided between straight 
clamps. The authors prefer to perform a single-layer 
hand-sewn ileoileostomy. A two-layer hand-sewn or a 
stapled anastomosis can also be used. Closure of the 
mesenteric window with interrupted permanent 


Figure 56.6 lleocystoplasty. (a) A dependent portion of the ileum that is 20-30 cm long and a minimum of 15 cm 
proximal to the ileocecal valve is isolated and detubularized. Bowel continuity is reestablished with an end-to-end 
ileoileostomy. (6) Depending on the size of the ileal segment, it can be reconfigured and folded in several ways, 
including the U, S, and W (not illustrated) configurations. In addition, the edges of the reconfigured bowel can be 
sewn together to create a cup patch. (c) The anastomosis of the reconfigured bowel to the native bladder begins in 
the posterior apex of the opened bladder. (Adapted from Rink and Adams,”° with permission of WB Saunders.) 
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sutures then completes the anastomosis. The isolated 
ileal segment is detubularized along its antimesenteric 
border after thorough intraluminal irrigation with 
normal saline. The ileal segment is then reconfigured 
into a U, S, or W (Figure 56.6). 

After opening the native bladder as described 
above, the reconfigured bowel segment is anasto- 
mosed to the bladder with a full-thickness absorbable 
suture beginning at the posterior apex of the opened 
native bladder. Once the posterior aspect of the run- 
ning, locking anastomosis has been completed, a 
second running, locking suture beginning at the blad- 
der neck apex is begun and carried along the lateral 
aspect to meet the previous suture. Before final clo- 
sure of the anastomosis, a suprapubic tube is brought 
out through the native bladder wall. After completion 
of the augmentation, the bladder is inflated and a 
watertight anastomosis confirmed by irrigation. A 
Penrose or closed suction drain is usually left in place 
along the posterior and anterior aspects of the blad- 
der. The bowel is then examined to confirm its 
integrity and the abdomen is closed in an anatomic 
fashion using heavy, running, absorbable sutures. 


lleocecocystoplasty and cecocystoplasty 


The ileocecal segment and cecum have frequently 
been used for augmentation cystoplasty. The cecum 
alone is rarely used. Simple detubularization and 
reconfiguration can be performed. The terminal ileum 
can be detubularized and incorporated into the cecal 
segment to increase total volume (Figure 56.7). Con- 
tinuity of the bowel is re-established with an end-to- 
side ileocolostomy. The reconfigured  ileocecal 
segment is then anastomosed to the bivalved bladder 


(a) (b) 


--------i 


Figure 56.7 Ileocecocystoplasty: the ileum and cecum 
are isolated as a single unit (a) and reconfigured to 
form a ‘cup’ for augmentation (b). * = suture line 
between ileum and cecum. (Adapted from Rink and 
Adams,?° with permission of WB Saunders.) 


with a single or double layer of running, locking, 
absorbable suture. Alternatively, the terminal ileum 
can be used for ureteral replacement when the ureters 
are short or the ileum can be tapered and used as a 
continent catheterizable stoma. 


Sigmoid cystoplasty 


The sigmoid colon easily reaches the bladder and can 
be used for augmentation cystoplasty. It is especially 
valuable when reimplantation of ureters or a catheter- 
izable stoma is not possible in the native bladder 
because the sigmoid musculature can easily be sepa- 
rated from the muscosa, facilitating tunneling. 
Twenty cm of sigmoid is usually sufficient to achieve 
an adequate capacity after the segment is reconfig- 
ured. It is important to detubularize the sigmoid in 
order to prevent high-pressure coordinated contrac- 
tions. Several techniques of sigmoid reconfiguration 
have been described (Figure 56.8). The authors prefer 
the U or S configuration because of simplicity and the 
possibility of significant contractile activity that may 
result from the method described by Mitchell?! (see 
Figure 56.8c). When the sigmoid segment has been 
isolated, colon continuity is re-established with a 
single-layer, hand-sewn, end-to-end colocolostomy. 
The reconfigured sigmoid segment is then anasto- 
mosed to the native bladder in a similar fashion as 
described for ileum. 


Postoperative care 


Following enterocystoplasty, parenteral antibiotics are 
continued for 48 hours unless the intraoperative urine 
culture is positive. Then, a full 7 days of culture-sensi- 
tive coverage is used. A nasogastric tube is left in place 
until bowel function returns. Urinary drainage is 
maintained through the suprapubic tube and a sec- 
ondary catheter through either the native urethra or 
the appendicovesicostomy (when performed). Dili- 
gent observation is needed during the immediate post- 
operative period to ensure that obstruction of the 
catheters does not occur secondary to blood clots or 
mucus. Daily bladder irrigations are important to 
decrease mucus build-up in the bladder, which can 
lead to infection, stone formation, and inefficient emp- 
tying. Bladder irrigations can begin immediately after 
surgery with 30 ml three times a day. This is increased 
to 60 ml twice a day after discharge. Both the supra- 
pubic tube and secondary catheter are left to gravity 
drainage for 2-3 weeks. The suprapubic tube is then 
plugged and the patient begins intermittent catheteri- 
zation. Before this, a cystogram can be performed to 
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Figure 56.8 Sigmoid cystoplasty. (a) A portion of sig- 
moid colon is isolated. (b) The sigmoid can then be 
reconfigured in a similar fashion as is performed for 
ileocystoplasty with detubularization and folding back 
on itself. (c) Alternatively, the colonic segment can be 
closed at both ends, opened along the antimesenteric 
border, and then anastomosed to the bladder. This 
latter method is less optimal, owing to the persistence 
of high intraluminal pressures following augmentation. 
(Adapted from Rink and Adams,?° with permission of 
WB Saunders.) 


ensure adequate healing and the absence of extravasa- 
tion; however, it is not absolutely necessary. Adequate 
emptying of the bladder with catheterization can be 
confirmed by checking residual urine via the 
indwelling suprapubic tube. Once the patient demon- 
strates proficiency at performing intermittent catheter- 
ization, the suprapubic tube is removed. Daily 
irrigations to clear the bladder of mucus are then rec- 
ommended. Patients are told to catheterize every 2-3 
hours during the daytime and once at night for the 
next few weeks. The time interval between catheteri- 
zations is gradually lengthened, depending on the 
compliance of the augmented bladder and the gradu- 
ally increasing storage volumes. In general, adequate 
stretching of the augmented bladder occurs within 6 
months so that most patients need only catheterize 
approximately four to six times during the day to stay 
dry and maintain safe filling pressures. If a patient is 
going to attempt spontaneous voiding, one should 
wait until at least 3 months after surgery and then 
follow postvoid residuals to ensure adequate empty- 
ing. Radiographic imaging of the augmented bladder 
and the upper urinary tract is performed approxi- 
mately 3 months postoperatively. 


Results of ileocystoplasty and 
colocystoplasty 


Bladder capacity and compliance 


The most common preoperative urodynamic finding 
in the pediatric patient with a neuropathic bladder in 
need of bladder augmentation is a small-capacity, 
poorly compliant bladder with or without evidence of 
hyperreflexia and bladder instability. Both small and 
large bowel segments, when detubularized and recon- 
figured, have been found to provide adequately com- 
pliant tissue for enterocystoplasty that ameliorates or 
eliminates these adverse characteristics.?? Flood et al*° 
reported on 22 augmentation cystoplasties performed 
over a period of 8 years. Mean age at surgery was 37 
years, with a range of 2-82 years. The major indica- 
tion for augmentation cystoplasty was reduced bladder 
compliance. A detubularized ileal augmentation was 
performed in 67% of the patients, 30% had a detubu- 
larized ileocecocystoplasty, and the remainder had 
detubularized sigmoid augmentation. Mean follow-up 
was 37 months. Bladder capacities increased from a 
preoperative mean of 108 ml to 438 ml postopera- 
tively. Excellent or improved results by all parameters 
were achieved in 95% of these patients.*° Kilic et al?! 
reported on 30 children who underwent 
intestinocystoplasty. Sigmoid was used in 11 cases, 
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ileum in six, and ileocecum in two. Postoperative eval- 
uations revealed a mean postoperative capacity of 
237 ml in the colonic group, 240 ml in the ileal group, 
and 250 ml in the ileocecal group. Mean compliance 
was 20.6ml/emH,O in the colonic group, 
21.6 ml/emH,O in the ileal group, and 25.5 ml/ 
cmH,O in the ileocecal group. They concluded that 
ileal, ileocecal, and colonic augmentations all provided 
high-volume reservoirs of similar compliance. More 
recently, Quek and Ginsberg reported long-term 
results on 26 patients with neurogenic voiding dys- 
function who underwent enterocystoplasty. Mean 
follow-up in these patients was 8.0 years. Ninety-six 
percent of the patients had near or complete resolution 
of urinary incontinence. Mean total bladder capacity 
increased from 201 ml to 615 ml. They concluded 
that bladder augmentation provides durable clinical 
and urodynamic improvement for patients with neu- 
rogenic bladder dysfunction. *? 

It is apparent that all segments of intestine, when 
appropriately reconfigured, can adequately increase 
the capacity of the native bladder. However, entero- 
cystoplasty does not guarantee that the bladder will be 
free of hyperreflexia. Robertson et al33 reported the 
persistence of hyperreflexia in 23% of patients after 
enterocystoplasty and documented regular phasic 
contractions in 77% of the augmented bladders 
despite bowel detubularization. It should be men- 
tioned that in a majority of the patients in this series 
an ileocecal segment was used. Recently, Pope et al*# 
reported on 19 of 323 patients who had undergone 
primary enterocystoplasty but required a secondary 
augmentation owing to the persistence of high pres- 
sures. Twelve of the 19 patients had had colocysto- 
plasties (14% of the total colocystoplasties), four had 
gastrocystoplasties (10% of the total gastrocystoplas- 
ties), and two had undergone ileocystoplasty. Cecum 
was used in one (1%). It is apparent in this large 
series that colocystoplasties are more likely to allow 
high storage pressures to persist. However, it must be 
noted that not all of the colocystoplasties were com- 
pletely detubularized but instead reconfigured after 
the ends were closed with the colon opened along the 
antimesenteric border. Given this, it is difficult in this 
series to compare colon to ileum that was reconfig- 
ured into an S or W shape. Nevertheless, these stud- 
ies emphasize the importance of careful functional 
and urodynamic follow-up in patients after entero- 
cystoplasty, since some will require anticholinergics 
or secondary augmentation due to failure of the orig- 
inal procedure to improve bladder capacity and com- 
pliance adequately. 


In summary, it appears that both small and large 
bowel, when detubularized, can be used for cysto- 
plasty to provide a compliant and large-capacity reser- 
voir. However, the large bowel may retain increased 
contractile activity despite detubularization.2!29 It 
appears that detubularized ileum has less energetic 
phasic contractions than colon and therefore has 
potentially less risk for persistent high storage pres- 
sures.*4 Given these advantages of ileum over colon, 
it is the authors’ preference to use ileum whenever 
possible when performing simple enterocystoplasty. 


Metabolic issues 


Electrolytes 


The major function of intact small and large bowel is 
to absorb food, fluid, and electrolytes. When urine is 
stored in the bowel for prolonged periods, there is 
increased absorption of urinary solutes, which 
increases the risk of metabolic derangement. Koch 
and McDougal?" hypothesized that ammonium reab- 
sorption plays a key role in the development of hyper- 
chloremic metabolic acidosis in patients following 
intestinocystoplasty. In support of this hypothesis, 
Stampfer and McDougal!? demonstrated in a rat 
model that ammonium inhibits the sodium/hydrogen 
exchanger, resulting in ionized ammonium transport 
where it substitutes for sodium in the exchanger. This 
then leads to the increased absorption of chloride to 
maintain electrolyte neutrality, resulting in the devel- 
opment of hyperchloremic metabolic acidosis. In 
patients with normal renal function, serum elec- 
trolytes are usually unaffected by enterocysto- 
plasty.3°-38 However, in patients with impaired renal 
function, metabolic acidosis can be profound. Careful 
preoperative evaluation and judicious use of bowel is 
recommended in patients with chronic renal insuffi- 
ciency.°? A gastric segment or cutaneous diversion 
may be safer. Owing to the electrolyte problems that 
can often develop in patients with significant renal 
insufficiency, the authors recommend gastrocysto- 
plasty rather than conventional enterocystoplasty in 
this patient population. 


Bone growth 


Impaired bone growth and demineralization are major 
concerns related to prolonged acidosis. Demineraliza- 
tion occurs secondary to the increased excretion of 
titratable acid (bony buffers). These concerns have 
received a large amount of attention in the last decade. 
Hochstetler et alt? demonstrated in a rat model that 
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animals with ileocystoplasty, when given an acid chal- 
lenge, developed bone demineralization and decreased 
bone growth that can be corrected with bicarbonate 
therapy. Current basic science literature demonstrated 
that enterocystoplasty in rats neither impairs skeletal 
growth nor bone quantity, but leads to significant loss 
of bone mass when combined with resection of the 
ileocaecal segment.*! This same group has also 
reported histomorphometrically that bone loss occurs 
after enterocystoplasty in the rat model.#? 

The more recent clinical literature has not clarified 
the true incidence or effect on bone growth. Mundy 
and Nurse*? reported an average of 20% reduction in 
growth potential in three of six children who had 
colocystoplasties. However, no decrease in growth 
potential was noted in 10 children who had ileocysto- 
plasties. They concluded that bone growth impair- 
ment after colocystoplasty was more likely than after 
ileocystoplasty. Two other reports demonstrated no 
impairment of bone growth or demineralization in 
children and adults after urinary reconstruction with 
various bowel segments.**44 However, two series 
have demonstrated variable degrees of reduction in 
bone mineral density in children with enterocysto- 
plasties.4°-4 Finally, four other series have not 
demonstrated any effects on bone growth.47~°° Inter- 
estingly, two of these reports are in bladder exstrophy 
patients; both of them report growth retardation in 
this population with or without augmentation.*7-48 In 
a large study that compared linear growth in bladder 
exstrophy patients with and without augmentation, 
using pre- and postaugmentation growth velocities, a 
statistically significant decrease in linear growth after 
intestinal bladder augmentation was demonstrated.*! 
Further longitudinal studies will be required to clarify 
this issue. Therefore, until such studies are available, 
close observation for the development of acidosis and 
the treatment of any electrolyte abnormalities follow- 
ing intestinocystoplasty with bicarbonate therapy is 
recommended. 


Bowel dysfunction 


Bowel dysfunction is known to occur occasionally 
after enterocystoplasty. Diarrhea can develop after 
resection of large segments of ileum, removal of the 
ileocecal valve, and extensive colonic resections. The 
incidence of bowel dysfunction following entero- 
cystoplasty in all patients, including adults, has been 
reported to be between 10 and 54%.14+553 In the 
spina bifida population, the incidence is approxi- 
mately 20%. Since the overall incidence of bowel 


problems in children with spina bifida is further 
increased when the ileocecal valve is removed, one 
should try to avoid the use of ileocecal segments for 
augmentation in this patient population. Osmotic 
diarrhea has been theorized to occur after removal of 
the ileocecal valve, which results in a decreased transit 
time within the intestine.*+ It should be noted that 
these original data were not supported in a recent 
report by Husmann and Cain!° in which only 3% of 
their 63 ileal cecal cystoplasty patients had worsening 
of their bowel function. Despite this encouraging 
recent report, the authors feel that careful preopera- 
tive screening of patients with spina bifida with regard 
to their bowel habits is extremely important. 

The diarrhea that develops postoperatively can be 
osmotic or secretory in nature. Secretory diarrhea is 
thought to occur because of decreased resorption of 
bile salts and subsequent fat malabsorption, resulting 
in steatorrhea. Barrington et al55 reported on 14 
patients who developed bowel difficulties after ente- 
rocystoplasty. They showed a direct correlation in 
many of these patients between their diarrhea and 
interruption of the enterohepatic circulation of bile 
acids. They also found that these patients can be iden- 
tified by using bowel frequency charts and can be 
treated with anion-exchange resins. 


Vitamin B,, deficiency 


Concerns regarding the development of vitamin B,, 
deficiency following small bowel resection or the use 
of small bowel for urinary reconstruction are well 
documented. The distal ileum is the major site of vit- 
amin B,, absorption. It has previously been reported 
that up to 35% of patients will develop vitamin B,, 
deficiency following the construction of a Kock 
pouch, which uses about 80 cm of small bowel.5° 
Despite theoretical and legitimate concerns about the 
development of vitamin B,, deficiency in children fol- 
lowing ileocystoplasty, it has yet to be reported in the 
literature. Stein et al** reported on 51 children who 
had undergone such reconstructions, but no signifi- 
cant drop in vitamin B,, levels was noted following 
surgery. From the available published data, it appears 
that the use of shorter segments of ileum, about 
35 cm, as used for the Camey type 1 enterocysto- 
plasty and conventional ileocystoplasty in children, 
does not place the patient at significant risk for vita- 
min B,, deficiency, even in the long term.%” 

Despite the lack of evidence of any vitamin B,, 
deficiencies developing in children undergoing ente- 
rocystoplasty, the authors recommend harvesting 
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small bowel segments that are at least 15 cm away 
from the ileocecal valve. The vitamin B,, receptor 
sites are clustered in the most terminal portion of the 
ileum. If large amounts of small bowel are required 
for reconstruction of the bladder, periodic vitamin 
B}, levels should be obtained postoperatively. Alter- 
natively, a vitamin B,, injection can be given prophy- 
lactically 3 years after enterocystoplasty. There is no 
evidence that the use of sigmoid colon for augmenta- 
tion places patients at risk for vitamin B,, deficiency. 


Mucus production and stone formation 


Mucus production and bladder stone formation are 
both complications related to the use of the gastroin- 
testinal tract for urinary reconstruction. All segments 
of bowel produce mucus. However, mucus produc- 
tion from the ileum is less than from the colon.?° This 
has been confirmed clinically by several authors.2)57 
Mucus in the urinary tract is associated with an 
increased risk of infection.” Mucus production also 
increases during an acute infection, resulting in poor 
bladder emptying, especially when small catheters are 
used to drain the bladder.?” Clinically, mucus produc- 
tion appears to decrease over time following ileo- 
cystoplasty. This is probably because of villus atrophy 
that occurs in the ileum. Colonic epithelium does not 
appear to undergo this type of change. Significant 
mucus production in colonic augmentations contin- 
ues throughout the life of the patient. 

The risk of stone formation after enterocystoplasty 
ranges between 7 and 52%.5%-64 The usual stone com- 
position reported is magnesium ammonium phos- 
phate (struvite), although several other stone 
compositions have been reported. Since the majority 
of stones are struvite in origin, it appears that chronic 
bacteriuria with urease-producing organisms may 
have a contributory role. However, it is also clear that 
the presence of mucus has an important role in the 
development of bladder stones following intestino- 
cystoplasty. Mucus may serve as a biofilm that can 
harbor bacteria and promote further growth in a pro- 
tected environment. Khoury et al®> have also demon- 
strated that the mucus from stone formers has 
increased levels of calcium, phosphate, and magne- 
sium, and an increase in the calcium to phosphate 
ratio, compared with non-stone formers. This 
increased calcium to phosphate ratio may be clinically 
important in predicting which patients are at risk for 
stone formation. Given these findings, it appears that 
mucus has strong lithogenic properties and is a nidus 
for stone formation. Daily irrigation of the aug- 


mented bladder to prevent excess mucus build-up can 
be an effective measure to reduce the risk of stone for- 
mation in the augmented bladder. Hensle et al66 
recently reported that an irrigation protocol consist- 
ing of saline twice a week (240 ml) and gentamicin 
sulfate solution once a week (240-480 mg of gen- 
tamicin/L of saline, at 120-240 ml per irrigation, 
depending on patient age and reservoir size) signifi- 
cantly reduced the number of reservoir calculi from 
43% to 7%. However, Brough et al®! did not observe 
a decreased incidence of stone formation when they 
instituted a regular bladder washout program in chil- 
dren following intestinocystoplasty. 

Palmer et al® identified an additional risk factor for 
the development of bladder stones in the augmented 
bladder. They noted the presence of hypocitraturia in 
some of their stone-forming patients. Treatment with 
oral potassium citrate returned urinary citrate levels to 
within normal values and no recurrent calculi were 
then seen. Woodhouse and Robertson®” have also 
reported that a metabolic screen in their augmented 
patients demonstrated that 80% of patients have risk 
factors for at least three different types of stones. All 
of the patients were found to have an increase in uri- 
nary pH and hypocitraturia. 

Bladder calculi in the augmented bladder are 
amenable to both open surgery and endoscopic man- 
agement. 5?:60.63,68,69 Neither procedure appears to 
have a clear advantage at this time. An open procedure 
is usually simpler when the stones are large, although 
new energy sources for the endoscopic treatment of 
stones, such as the holmium laser, may enhance the 
ability to manage bladder stones non-invasively. Miller 
and Park”? have also described a method of using a 
laparoscopic entrapment sac percutaneously to control 
the loss of multiple fragments. This method has been 
used by the authors and has been highly successful. 
Treatment of bladder calculi needs to be individual- 
ized. Factors that should influence the surgical 
approach include number and size of calculi, previous 
bladder outlet procedure, availability of endoscopic 
equipment, availability of energy sources, and the sur- 
geon’s experience with endoscopic techniques. 


Infections 


Bacteriuria following enterocystoplasty is the rule, 
since these patients are being intermittently catheter- 
ized. If the bladder is not emptied completely, symp- 
tomatic UTI may result. It is not known whether one 
type of bowel segment is at greater risk for the devel- 
opment of UTIs than another. Hirst”? reported the 
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presence of bacteriuria in 50% of sigmoid augmenta- 
tions, whereas only 25% of ileocystoplasties had bac- 
terluria at any one time. In a series of 231 
augmentation patients, Rink et al?! reported a symp- 
tomatic UTI rate of 22.7% following ileocystoplasty, 
17.3% following sigmoid cystoplasty, 12% following 
cecocystoplasty, and 8% following gastrocystoplasty. 
They reported an overall 14% incidence of febrile 
UTIs with no statistical difference in the incidence 
between the various bowel segments. It appears that 
all augmented bladders are at risk for infection. 


Tumors 


Many fear that there may be an increased risk of 
malignancy in bladders after enterocystoplasty, as is 
the case after conventional ureterosigmoidostomy. 
Adenocarcinoma is the predominant tumor that 
develops after ureterosigmoidostomy, found most 
frequently at the site of the ureteral orifice. The 
latency period for tumor formation in the 
ureterosigmoidostomy patients ranges between 3 
and 53 years, with a mean of 26 years. It is estimated 
that there is a 7000-fold increased risk of developing 
adenocarcinoma following ureterosigmoidostomy. 
It is with great trepidation that we enter the new 
millennium with hundreds of children having 
received —enterocystoplasties knowing 
whether there is an increased risk for the develop- 
ment of cancer. Filmer and Spencer”? reported on 
14 patients with tumor formation in the augmented 
bladder: nine of these patients had ileocystoplasty 
and colon was used in five. The exact etiology and 
pathogenesis of these tumors are unknown but they 
seem analogous to cancers occurring after uterosig- 
moidostomy. Nurse and Mundy”? studied 34 
patients who had undergone augmentation cysto- 
plasty or colonic substitution cystoplasty. A high 
incidence of histologic abnormalities in the intestinal 
segment was reported to occur along the anasto- 
motic suture line and in the remaining bladder. Such 
abnormalities were directly correlated with heavy 
mixed bacterial growth in the urine and high levels 
of urinary N-nitrosamines. Woodhams et al”* have 
reported that there are no diurnal or long-term vari- 
ations in urinary N-nitrosamine levels. They also 
found that levels were consistently higher in patients 
with inflamed or infected cystoplasties, those using 
intermittent self-catheterization, and those not 
taking antibiotic prophylaxis. Shokeir et al” and 
Ali-El-Dein et al”° demonstrated that all bowel seg- 
ments exposed to urine, regardless of their position 


without 


(bladder or ureteral substitution), are at risk for 
malignant changes, and that urine cytologies may be 
a useful diagnostic tool in this setting. Barrington et 
al?” reported on four patients who developed tumors 
in augmented bladders. All of the tumors were ade- 
nocarcinomas and were located on the bladder side 
of the anastomosis. It was concluded that these 
tumors were derived from the native urothelium. It 
was also demonstrated that transitional epithelium 
could undergo intestinal mucosal-like changes 
throughout the exposed native urothelium, includ- 
ing the renal pelvis, which was observed in one 
patient who had vesicoureteral reflux (VUR). 
Soergel et al’® reported from the Indiana Augmen- 
tation database of 483 cases, three new cases of tran- 
sitional cell carcinoma (TCC). Mean time from 
augmentation to TCC was 19 years. None of these 
patients had any additional risk factors. Thus, it is 
felt that development of bladder cancer is a real issue 
and that all patients should undergo endoscopic sur- 
veillance beginning 10 years after initial surgery. 

Barrington et al”? showed that there are elevated 
levels of transforming growth factor-B (TGF-B) in the 
enterocystoplasty population. It is believed that TGF- 
B increases cellular proliferation and/or phagocytic 
activity, producing nitrosamines and oxygen free rad- 
icals. It has been demonstrated that urinary TGF-B 
levels can be decreased with the administration of 
pentosan polysulfate sodium.8? Therefore, if further 
research demonstrates elevated TGEF-f as a risk factor, 
potential treatment options would be available. Bar- 
rington et al®! have also demonstrated a decreased 
serum level of selenium, a free oxygen radical scav- 
enger, in the neuropathic bladder population. These 
may be possible reasons for augmented bladders 
being at increased risk for tumor formation. 

The issue of potential malignancy in augmented 
bladders cannot be overlooked or ignored. This is a 
potentially disastrous complication for children in 
whom one hopes to provide a surgically recon- 
structed bladder that will last for life. Future research 
is needed to determine the true risk of tumor forma- 
tion, which children are at greatest risk, and whether 
premalignant changes can be detected endoscopically 
or with urine markers or cytology. Although the inci- 
dence of tumor formation following enterocysto- 
plasty is unknown, lifelong follow-up and yearly 
cystoscopic evaluation and urine cytologies from the 
augmented bladder should be considered beginning 
no later than 6-10 years after the augmentation.*? All 
malignant tumors reported have occurred after this 
time lapse.’ 
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Perforation 


Many complications can occur following enterocysto- 
plasty. However, no complication is more potentially 
devastating or life threatening than unsuspected sponta- 
neous bladder perforation. Although the exact incidence 
of perforation is not known, nearly every large series of 
enterocystoplasties includes at least one patient.?-83-89 
Amongst these reports, seven deaths have been directly 
attributed to such perforation.” Most of these deaths 
were due, at least in part, to delay in diagnosis. There- 
fore, a high index of suspicion is needed in any patient 
with a history of enterocystoplasty who presents with 
abdominal and/or shoulder pain. 

It is not known whether one type of bowel is par- 
ticularly prone to perforation after cystoplasty. Rink?’ 
reported a higher incidence of spontaneous perfora- 
tions in sigmoid cystoplasties. They initially felt that 
the sigmoid colon was inherently at greater risk for 
perforation, but they now feel that this higher inci- 
dence may be more directly related to their initial 
technique of sigmoid detubularization. Others have 
reported that the highest incidence of perforation 
occurred when ileum was used.8? DeFoor et al believe 
that gastrocystoplasty may be at a lower risk for per- 
foration.?! However, it appears that no segment of 
bowel, tubularized or detubularized, is immune from 
this complication. 

The etiology of bladder perforation is unknown. 
Initially, perforations were thought either to be linked 
to traumatic catheterization or as a consequence of 
failure to catheterize on a timely basis.8*87 However, 
perforation has been reported in patients who do not 
perform intermittent catheterization. Another con- 
tributing factor in bladder perforation may be vascu- 
lar compromise in the bowel wall. Crane et al?2 
reported that specimens from perforated bladders 
demonstrated histologic evidence of bowel wall 
ischemia. Also supporting the theory of bowel wall 
ischemia is an arterial perfusion study in a canine aug- 
mentation model, where a decrease in blood flow to 
the bowel wall was seen when the reservoir was 
overdistended pressures were 
increased.?? The perfusion change was most striking 
at the antimesenteric border in the detubularized 
bowel. In addition to overdistention, high pressures 
due to bladder hyperreflexia may lead to an increased 
risk of perforation. Bauer et al®? noted the presence of 
postoperative hyperreflexia in 40% of their patients 
who suffered a spontaneous perforation. 

Some authors have suggested that a low urethral 
resistance is protective against both the high pressures 


and intravesical 


associated with bladder hyperreflexia and failure to 
empty the reservoir on a timely basis.88 However, 
Jayanthi et al?* reported on 28 patients who under- 
went complete bladder neck ligation in conjunction 
with enterocystoplasty with a catheterizable stoma. In 
this series the one bladder perforation that occurred 
was associated with blunt trauma and was not spon- 
taneous in origin. Therefore, achieving total urinary 
continence surgically without a pop-off valve mecha- 
nism does not in itself increase the risk for sponta- 
neous rupture. 

There does not appear to be one single etiology or 
risk factor that makes some individuals more prone to 
bladder perforation than others. Multiple factors are 
probably involved. Repetitive overdistention sec- 
ondary to poor compliance, bladder hyperreflexia, 
and chronic infection all appear to place the aug- 
mented bladder at increased risk for spontaneous per- 
foration. 

The diagnosis of bladder perforation can be diffi- 
cult at times, and a high index of suspicion is required 
to make the diagnosis quickly. Most pediatric patients 
who undergo enterocystoplasty are neurologically 
impaired. Lower abdominal sensation is diminished. 
Therefore, the clinical presentation may be non-spe- 
cific. Nausea, vomiting, fever, oliguria, and possibly 
referred pain to the shoulder secondary to diaphrag- 
matic irritation may be presenting complaints.?° 

On physical examination the abdomen is distended, 
with pain and irritation above the level of anesthesia. 
It may be difficult to distinguish pyelonephritis from 
a spontaneous bladder perforation. Thus, a standard 
or computed tomographic (CT) cystogram is recom- 
mended in any patient with an augmented bladder 
who presents with the above symptoms. Although 
the diagnostic role of a cystogram has been ques- 
tioned in the past,8®87 it is the most specific diagnos- 
tic radiographic test.858? Braverman and Lebowitz”° 
have recommended fluoroscopy during the filling 
phase to make sure that the bladder is completely dis- 
tended in order to diagnosis the perforation accu- 
rately. Residual contrast in the abdomen after the 
bladder has been drained establishes the diagnosis. 
Alternatively, an abdominal CT scan can be diagnos- 
tic and is helpful in demonstrating the extent of the 
extravasation. 

When spontaneous perforation of the augmented 
bladder is suspected clinically and/or confirmed radi- 
ographically, immediate treatment is required. 
Catheter drainage, fluid resuscitation, and broad- 
spectrum antibiotics should be started immediately. 
In a stable patient, non-operative management with 
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catheter drainage, antibiotics, and serial physical eval- 
uations may be all that is needed.?” This non-opera- 
tive approach should be used only in selected patients 
in whom a small rupture is suspected. In the majority 
of patients, immediate exploration and closure of the 
bladder leak is safer. Intra-abdominal lavage, and irri- 
gation and placement of intra-abdominal drains 
should then be done. Finally, all patients with an aug- 
mented bladder must be educated on the potentially 
lethal complications associated with delay in diagno- 
sis of a spontaneous perforation. They should be 
instructed to inform a treating physician that they 
have an augmented bladder, and are at some risk for 
bladder perforation. 


Surgical alternatives to 
intestinocystoplasty 


As discussed above, bladder augmentation with small 
and large bowel segments may result in electrolyte 
abnormalities, UTIs, mucus production, stones, and 
tumor formation. Most long-term complications are 
attributable to the presence of intestinal mucosa in a 
urinary tract reservoir for urine storage. In an effort to 
avoid the unwanted effects of enterocystoplasty, sev- 
eral other surgical procedures have been developed: 
these include gastrocystoplasty, ureterocystoplasty, 
autoaugmentation, and seromuscular enterocysto- 


plasty. 
Gastrocystoplasty 


Gastric tissue was first reported to be applied to the 
urinary tract in 1956 when Sinaiko described the use 
of a stomach segment for urinary diversion.°8 Leong 
and Ong??-100 subsequently reported the successful 
use of stomach for augmentation of the bladder in 
both dogs and humans. More recently, Mitchell and 
colleagues have modified Leong’s original techniques 
for gastrocystoplasty and popularized its use in pedi- 
atric patients. 1?1-102 Since then, experience from mul- 
tiple institutions over the past two decades indicates 
that the use of stomach is feasible and effective in aug- 
menting the neuropathic bladder. However, wide- 
spread use of stomach tissue as an alternative to 
intestine has been limited by the findings that the 
hematuria-dysuria syndrome (HDS) can be problem- 
atic in many patients (especially those that are sen- 
sate) and that, in the long term, gastrocystoplasty 
does not appear to result in a reservoir that is as capa- 
cious and compliant as that which is achieved with 


conventional intestinocystoplasty. Nevertheless, the 
use of stomach tissue can be very advantageous and 
appropriate in some patients. For example, in patients 
with renal insufficiency and metabolic acidosis, gas- 
trocystoplasty helps to buffer the adverse effects of the 
acidosis because of its ability to secrete acid into the 
urine. Thus, in select patients, the use of stomach for 
augmentation is a viable and appropriate alternative 
to the use of intestine. 


Anatomy and physiology 


Anatomically, the stomach can be divided into five 
parts: the lesser curvature, greater curvature, fundus, 
body, and antrum. The layers of the gastric wall 
include the outer serosal coat, a muscular coat, the 
submucosal layer, and the epithelium. The muscular 
coat consists of smooth muscle fibers oriented in a 
longitudinal, circular, and an oblique fashion. The 
epithelium of the gastric mucosa consists of a single 
layer of tall columnar epithelial cells and smaller acid- 
secreting cells. Loose areolar tissue in the submucosa 
lies between the mucosal and muscular layers. This 
loosely arranged layer allows technically simple sepa- 
ration of the mucosa from underlying muscle, per- 
mitting implantation of ureters in an antireflux 
fashion and tunneling of continent catheterizable 
stomas. 

The entire arterial supply of the stomach is based 
on branches of the celiac artery, including the gastric, 
splenic, and hepatic arteries (Figure 56.9). The right 
and left gastroepiploic arteries supply the greater cur- 
vature and are pertinent for use in gastrocystoplasty. 
The gastroepiploic arteries arise from the right gastric 
and splenic arteries, respectively. They usually do not 
anastomose directly but are connected through small 
arterial branches. 

The main physiologic function of the stomach is to 
digest food mechanically and chemically. Given this, 
the muscle of the stomach functionally contracts in a 
manner that is different from the rest of the intestinal 
tract in that it acts to churn its contents as opposed to 
moving the bolus of food along a peristaltic wave. 
This unique pattern of contractility may be the cause 
of the phasic contractions that are seen in the aug- 
mented bladder following gastrocystoplasty. 

The stomach chemically digests food through the 
secretion of acid. The exact mechanisms responsible 
for the control of acid secretion from the stomach are 
still not completely understood. Current evidence 
suggests that parietal cells, which are mainly located 
in the body of the stomach, secrete acid in response to 
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Figure 56.9 Arterial blood supply to the stomach. (Adapted from Lindner,'” with permission.) 


gastrin that is released from G cells located in the 
antral mucosa. G cells, in turn, are stimulated to 
release gastrin by direct contact of the mucosa with 
food, antral distention, and vagal stimulation. Acid 
secretion can also be stimulated by acetycholine and 
histamine. The latter is important in that acid secre- 
tion from gastric segments following gastrocysto- 
plasty can be inhibited with H, receptor blockers. 

In addition to the stomach’s ability to secrete chlo- 
ride, other metabolic properties of importance include 
its barrier function to ammonium and chloride reab- 
sorption. The combination of hydrogen ion and chlo- 
ride secretion predisposes patients to the development 
of hypochloremic, hypokalemic, and metabolic alkalo- 
sis following gastrocystoplasty. However, this secre- 
tion of acid is beneficial in patients who have chronic 
acidosis associated with renal insufficiency. 


Advantages and disadvantages 


Surgically, the stomach is relatively thick and easy to 
work with. Use of stomach for bladder augmentation 
has clear advantages in patients with renal insuffi- 
ciency owing to its ability to secrete acid. This allows 
for buffering of systemic acidosis and reduces the 


need for bicarbonate supplementation. The resultant 
acid urine also appears to decrease the incidence of 
bacteriuria. In comparison to other intestinal seg- 
ments, there is decreased mucus production and stone 
formation. The inherent musculature of the gastric 
segment may offer an additional advantage over small 
and large bowel by increasing the possibility for spon- 
taneous voiding. This may result in more efficient 
emptying, less residual urine, and decreased need for 
intermittent catheterization.!03-104 Lastly, gastro- 
cystoplasty can potentially be accomplished laparo- 
scopically, which offers significant advantages in more 
rapid patient recovery following surgery.!° 

The main disadvantage of gastrocystoplasty that 
currently limits its widespread use in children with 
neuropathic bladders is the high incidence of HDS. 
This is most troublesome in patients who have a sen- 
sate urethra and perineum. Given this, caution should 
be exercised in selecting patients who are sensate and 
are at risk for incontinence (i.e. bladder exstrophy) 
when other enteric segments are available. This also 
applies when considering gastrocystoplasty in a 
patient with end-stage renal disease in need of trans- 
plantation, since ulcer formation and perforation of 
defunctionalized bladders have been reported.! 
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Postoperative studies suggest that gastrocystoplasty 
results in a less compliant and capacious reservoir 
than that usually achieved with conventional entero- 
cystoplasty. Gastrocystoplasty may therefore be less 
useful in patients with a very small, non-compliant 
bladder plate.31-107 


Surgical technique 


The original gastrocystoplasty, as described by Leong 
and Ong,” used the antrum of the stomach. Since 
incorporation of antral tissue may increase cyclical 
secretion of acid because of antral distention during 
bladder filling, more recent forms of gastrocysto- 
plasty!°?.!08 favor utilization of a wedge taken from 
the greater curvature of the stomach that incorporates 
more body and less antrum (Figure 56.10). Depend- 
ing on the individual vascular supply, this wedge of 
tissue may be based on either the right or left gas- 


Figure 56.10 Gastrocystoplasty. (a) A wedge of stom- 
ach is isolated along the greater curvature of the stom- 
ach with its blood supply based on either the right or 
left gastroepiploic artery. (6) The flap is brought 
through the mesenteries of the small and large bowel 
or retroperitonealized following complete mobilization 
of the small and large bowel. (c) The flap is then anas- 
tomosed to the bivalved bladder. 


troepiploic artery. There is usually a vascular window 
between these arteries that defines which artery is 
dominant. Since the right gastroepiploic artery is 
longer and dominant in the majority of cases, this 
is more commonly used. A 10-15 cm length of 
stomach along the greater curvature is chosen, with 
special care being taken to minimize inclusion of 
antral tissue. Branches of the gastroepiploic artery 
that are not directly supplying the wedge to be har- 
vested are ligated. The wedge of stomach is isolated 
with the use of bowel clamps or an automatic stapler. 
The authors prefer the latter. The apex of the gastric 
wedge should be at least 1 cm below the lesser curva- 
ture to prevent injury to the vagus nerve and the right 
gastric vessels. Before isolation of the gastric wedge, 
it is advisable to ligate branches of the right gastric 
artery near the apex of the wedge, since failure to do 
this can result in significant blood loss.!°? A flap of 
greater omentum must also be mobilized along with 
the gastric wedge. The stomach is then closed in two 
layers. Alternatively, Raz et al? have described a 
technique using an automatic stapler to harvest a gas- 
tric segment along the greater curvature of the stom- 
ach without opening the stomach. 

Once the gastric segment is isolated, it is retroperi- 
tonealized by bringing it through the mesenteries of 
the transverse colon and small bowel. Special care 
should be taken to close these defects in the mesentery 
to prevent internal intestinal herniation. Alternatively, 
the right colon and duodenum can be mobilized up to 
the root of the small bowel mesentery, which allows 
placement of the gastric segment and its trailing vas- 
cular supply entirely in the retroperitoneal space. 
After the segment has been relocated inferiorly into 
the pelvis, it is rotated 90° to straighten the mesen- 
tery and vessels. The staples are then removed and the 
posterior tip of the stomach is sutured to the poste- 
rior aspect of the bivalved bladder using a running, 
interlocking 3-0 polyglactin suture. 

Postoperatively, the augmented bladder should be 
adequately drained with a suprapubic tube and ure- 
thral catheter. A nasogastric suction tube is main- 
tained for 3-5 days postoperatively. Following 
removal of the nasogastric tube and resumption of 
oral intake, the patient should be encouraged to eat 
small, frequent meals for the first few weeks to 
months. 


Results 


The urodynamic results of gastrocystoplasty are 
somewhat variable. Some authors report that it is 
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useful in increasing capacity and compliance, similar 
to large and small bowel. In studies that have ana- 
lyzed both preoperative and postoperative urodynam- 
ics, gastrocystoplasty has been shown to increase 
bladder capacity by approximately 150-200%.1!12-1!4 
However, it should be noted that there is a wide 
range of results reported with regard to increased 
bladder capacity following gastrocysto- 
plasty.31,108,11,113-115 Jn a recent series comparing the 
urodynamic findings and clinical outcomes following 
augmentation with stomach versus intestine, it was 
shown that both stomach and intestine are efficacious 
in improving compliance, but that the use of ileum 
and colon results in a higher volume reservoir. Intesti- 
nal segments appear to expand more readily following 
augmentation than does stomach.*! Some of the dif- 
ferences in the literature regarding improvements in 
capacity and compliance following gastrocystoplasty 
may be in part explained by the variable amounts of 
stomach that have been harvested in individual 
patients. However, less volume expansion seems 
inherent to gastric segments when compared with 
ileum and colon. 

A unique postoperative urodynamic finding after 
gastrocystoplasty is the presence of low-amplitude, 
rhythmic contractions during bladder filling. These 
contractions are usually <30 cmH,O.102-115 How- 
ever, contractions >30 cmH,O have been noted to 
be present in 10% of patients.!13-115 

Taken together, experience with gastrocystoplasty 
demonstrates that it is clearly an effective procedure in 
providing improvements in bladder compliance and 
capacity. However, in comparison to ileum and 
colon, stomach often results in a reservoir that is less 
capacious and perhaps less compliant. 

HDS is unique to gastrocystoplasty. It is defined as 
the presence of pain in the bladder, suprapubic, or 
genital area, coffee-brown or bright-red hematuria in 
the absence of infection, skin irritation or excoriation, 
and painful urination or pain with catheterization. 
HDS occurs in up to one-third of patients and is the 
major factor that has limited the more widespread use 
of gastrocystoplasty in children requiring enterocysto- 
plasty. In the largest series to date with long-term 
follow-up, Plaire et al!!® reported that 24% of 
patients following gastrocystoplasty had some ele- 
ment of this syndrome. Other retrospective series 
have reported the incidence of HDS to be as low as 
2% and as high as 50%.?4"1117 The disparity in 
these numbers probably relates to the variable make- 
up of the patient populations in each study. Also, 
longer-term follow-up may result in an increased inci- 


dence of complications.!!® In all studies evaluating 
HDS following gastrocystoplasty, a uniform finding 
is that HDS is much more prevalent in patients who 
have a sensate urethra and perineum, whereas it is less 
common in patients who are insensate, as in patients 
with a neuropathic bladder secondary to spina bifida 
or spinal cord injury. Despite the relatively high inci- 
dence of HDS following gastrocystoplasty, most 
patients respond well to either H, receptor blockers 
or hydrogen ion pump blockers such as omepra- 
zole.!!? In some patients, alkaline irrigation of the 
bladder can also be used effectively.!2° A small per- 
centage of patients may be refractory to all forms of 
conservative medical management, necessitating con- 
version to a different form of augmentation or diver- 
sion. !21 

The etiology of HDS is not entirely clear. Bogaert 
et al!?? demonstrated that the gastric mucosa in the 
augmented bladder is stimulated in the same way as 
the native stomach. With this in mind, some authors 
have proposed that hypergastrinemia may be a 
causative or major contributing factor in patients with 
HDS. The association of hypergastrinemia and HDS 
has been demonstrated in several patients, 114119,123-125 
Despite this association, there has never been a direct 
correlation between this syndrome and aciduria and/or 
hypergastrinemia.!!!117 

Another potential complication associated with the 
use of stomach is peptic ulcer disease of the gastric 
patch with subsequent perforation.!° It has been 
postulated that Helicobacter pylori infection may be an 
important etiologic factor in patients who develop 
ulcerative changes in the gastric portion of the aug- 
mented bladder.!?° Although patients are at signifi- 
cant risk for the development of HDS following 
gastrocystoplasty and other related complications 
associated with acid secretion by the stomach seg- 
ment, it is rarely necessary to remove the gastric 
patch. Medical management of these problems is usu- 
ally successful. 

The beneficial effects of gastrocystoplasty in 
patients with reduced renal function and systemic 
acidosis are well documented.!°-!03 However, the 
metabolic losses of acids and chloride may be over- 
abundant, resulting in significant hypochloremic, 
hypokalemic, and metabolic alkalosis in some. This 
metabolic imbalance has been severe enough to war- 
rant hospitalization in up to 7% of patients with gas- 
trocystoplasty.!1!!!2 The mechanisms responsible for 
the development of a severe form of hypochloremic, 
hypokalemic alkalosis have not been precisely or 
sequentially elucidated. Significant risk factors appear 
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to be recent viral illness associated with vomiting and 
other gastrointestinal losses, urinary concentrating 
defect,!°? renal insufficiency,!?” 
acidosis prior to gastrocystoplasty. 

As is the case with HDS, the development of 
hypergastrinemia following gastrocystoplasty has 
been postulated, although not definitively proven, to 
play a significant etiologic role in the development of 
metabolic alkalosis.1!9:!23:125 Clinical management of 


and the absence of 


patients with hypochloremic, hypokalemic alkalosis 
includes aggressive intravenous rehydration with 
normal saline, replenishment of sodium and chloride, 
and use of H, receptor blockers. Once again, it is 
unusual to have an electrolyte abnormality that is so 
severe and unresponsive to medical therapy that 
removal of the gastric segment becomes necessary. 

In comparison to conventional enterocystoplasty 
with small and large bowel, the incidence of bacteri- 
uria, mucus production, and the development of blad- 
der stones are significantly less following 
gastrocystoplasty.°7-102,115.128,129 The combination of 
decreased mucus, acidic urine, and the potential for 
spontaneous voiding (thus eliminating the need for 
intermittent catheterization) may be responsible for 
this decreased incidence. 


Composite gastrocystoplasty and 
intestinocystoplasty (gastrointestinal 
composite) 


As seen in the previous discussion regarding 
intestinocystoplasty and gastrocystoplasty, use of 
single enteric segments for augmentation has unique 
individual advantages and disadvantages. Since some 
of the metabolic effects of gastrocystoplasty are 
directly opposite to those of intestinocystoplasty, it 
has been proposed that some of these metabolic 
effects could buffer each other if both enteric seg- 
ments are placed in combination. This concept was 
first introduced by Lockhart et al.!%° Ideally, the 
advantages of each segment could be retained and 
maximized with concomitant reduction of many of 
the undesired side effects: i.e. the stomach could still 
be retained for reimplantation of catheterizable tubes 
and ureters, whereas incorporation of a piece of ileum 
could reduce the side effects of increased acid secre- 
tion in the bladder (HDS) and enhance the urody- 
namic effects that are achieved with the use of 
stomach alone. Over the last decade, several reports 
have now demonstrated that gastrointestinal compos- 
ite augmentation is feasible and advantageous in 
select patients, 131-134 The composite augment can 


either be constructed primarily or as a secondary pro- 
cedure following a previous augmentation with a 
single piece of stomach or bowel. The size of each 
individual gastrointestinal segment can be varied 
depending on the individual metabolic and urody- 
namic needs of each patient. Austin et al}33,134 have 
demonstrated that the beneficial reduction in acid 
load in patients with renal insufficiency can still be 
maintained with the gastrointestinal composite aug- 
mentation, while the buffering effects of the incorpo- 
rated intestine helps to reduce the incidence of HDS. 
In addition, the incidence of bacteriuria and stone for- 
mation is lower in composite reservoirs than 
intestinocystoplasty alone, presumably in part due to 
the lessened mucus production from the gastric seg- 
ment. Although technically demanding, gastrointesti- 
nal composite augmentation appears to be a viable 
and improved form of augmentation in select patients 
with short bowel syndrome, metabolic acidosis, and 
renal insufficiency. 


Autoaugmentation 


Autoaugmentation, also known as vesicomyotomy 
and vesicomyectomy, was introduced by Cartwright 
and Snow.?35-136 This is a novel approach to bladder 
augmentation that aims to enlarge bladder capacity 
and improve bladder compliance without using a 
patch graft or opening the bladder. In essence, this 
procedure creates a large bladder diverticulum by 
removal of the bladder muscle from the dome. The 
most important advantage of this procedure is the 
avoidance of intestinal epithelium with its associated 
complications. The native urothelium is preserved. 
The major drawback of autoaugmentation is that 
experience has failed to identify the most appropriate 
patients for this procedure. Mixed results have been 
obtained clinically with regard to postoperative symp- 
tomatic and urodynamic improvement in the 
autoaugmented bladder. Evaluation of the available 
data indicates that there is no direct correlation 
between preoperative urodynamic findings and suc- 
cess. It works well in some patients while it fails in 
others. Nevertheless, it appears that this procedure is 
best suited for patients with reduced compliance in 
combination with a near-normal preoperative bladder 
capacity. 137-139 

Despite the problems in predicting surgical success 
preoperatively, it seems reasonable to consider 
autoaugmentation as an option in some patients in 
whom bladder augmentation is needed and there is a 
desire to avoid the use of bowel. However, patients 
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need to be aware of the relatively high failure rate of 
autoaugmentation in comparison to conventional 
enterocystoplasty. Patients that should be excluded 
from consideration for autoaugmentation include 
those with failed bladder exstrophy repair, those who 
have had multiple previous bladder operations, and 
patients with very small bladder capacities. Autoaug- 
mentation in these children is more difficult techni- 
cally and results in general have been poor.!87-139 


Anatomy and physiology 


Autoaugmentation preserves the native bladder 
urothelium. The metabolic and physiologic proper- 
ties of this urothelium following autoaugmentation 
are not well studied, although available data suggest 
that no significant changes occur. Following 
autoaugmentation, the mucosal herniation has been 
shown in both experimental animals and humans to 
have evidence of collagen deposition, neovascularity, 
variable inflammatory changes, and occasional 
139-141 No significant metaplastic or 
dysplastic changes in the native urothelium have been 
reported. 


muscle fibers. 


Advantages and disadvantages 


The primary advantage of autoaugmentation over 
conventional enterocystoplasty is preservation of the 
patient’s native urothelium in the augmented seg- 
ment. This avoids the complications associated with 
enterocystoplasty related to the presence of hetero- 
topic epithelium in contact with the urine noted pre- 
viously. Technically, autoaugmentation can be an 
extraperitoneal procedure performed through a Pfan- 
nenstiel incision, avoiding the complications of 
transperitoneal bowel surgery. Although autoaug- 
mentation is usually performed without a formal cys- 
totomy, other bladder procedures such as ureteral 
reimplantation and appendicovesicostomy can be car- 
ried out (intravesically or extravesically) at the same 
time. Lastly, it is important to note that autoaugmen- 
tation does not preclude further augmentation proce- 
dures if unsuccessful. 

The main disadvantage of autoaugmentation is the 
inability to predict which patients will do well with 
this technique. An additional concern is the theoreti- 
cal risk of bladder rupture that has been demonstrated 
in animal studies.14%143 Although perforation of the 
autoaugmented bladder has been reported in only one 
patient to date,!*4 the overall increased risk of bladder 
rupture compared with other types of bladder aug- 
mentation has yet to be defined. 


Surgical technique 


Patients should receive a full bowel preparation pre- 
operatively and be counseled on the possible need to 
perform an alternative type of augmentation if intra- 
operative findings dictate that autoaugmentation is 
not technically feasible. Specifics regarding the tech- 
nique of autoaugmentation have been well described 
by Snow and Cartwright.!%? The procedure is usually 
performed through a Pfannenstiel incision and is 
done extraperitoneally. Once the bladder is mobi- 
lized, the peritoneal covering is entirely detached. 
Snow and Cartwright advocate the performance of 
intraoperative urodynamics, both before and after the 
autoaugmentation. Although not definitive, intraop- 
erative urodynamics can be useful in making an 
assessment of potential success. It also assists in estab- 
lishing the maximum volume following autoaugmen- 
tation to which the bladder can be safely distended 
during the immediate postoperative period. 

Once the initial intraoperative urodynamic study is 
completed, the bladder is filled and a needle-tipped 


electrocautery device is used to divide the detrusor 
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Figure 56.11 Autoaugmentation. (a) The detrusor 
muscle is incised in the midline and a plane is estab- 
lished between the muscle and the underlying mucosa. 
(6) This plane is further developed and a large mouth 
diverticulum is created. (c) The remaining detrusor 
muscle is fixed posteriorly to prevent its coaptation. 
(Adapted from Cartwright and Snow,'®® with permis- 
sion.) 
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musculature from the underlying epithelium (Figure 
56.11). This is usually started ventrally in a vertical 
fashion. The plane between the underlying epithelium 
and the overlying muscle is then identified and further 
developed using both blunt and sharp dissection. Spe- 
cial care is taken to avoid tears in the urothelium, 
since this can be difficult to repair in some cases and 
urinary extravasation postoperatively is associated 
with inflammation. Inability to distend the bladder 
postoperatively may result in contraction. When per- 
foration does occur, it should be repaired with fine, 
absorbable suture. Removal of overlying muscle fibers 
continues until the detrusor musculature is removed 
from at least one-half of the bladder. Optimally, as 
much musculature is removed as possible. At this 
juncture, intraoperative urodynamics is repeated once 
again. If there is minimal to no improvement in blad- 
der capacity and/or compliance, autoaugmentation 
should be abandoned and conventional enterocysto- 
plasty undertaken following excision of the redundant 
bladder epithelium. 

After autoaugmentation is completed, either one 
can excise the detached detrusor musculature or the 
remaining lateral bladder muscle can be attached to 
the psoas muscles. However, neither of these steps 
has been found to be essential for success. 139-145 Post- 
operatively, a urethral catheter and Penrose drain are 
left in place. Suprapubic tubes are avoided, as the 
bladder should be watertight. Experience has shown 
that bladder distention during initial healing is impor- 
tant for surgical success. This can be accomplished 
either by intermittent distention of the bladder to the 
capacity that was determined appropriate intraopera- 
tively or by maintaining catheter drainage with con- 
stant bladder distention at an intravesical pressure of 
20-40 cmH,O. The catheter can generally be 
removed in 1-2 weeks. It is recommended that a cys- 
togram be performed before catheter removal to 
exclude urinary extravasation. 

Recently, several authors have demonstrated that 
technically successful bladder autoaugmentation can 
be accomplished laparoscopically. 146-142 Although a 
laparoscopic approach is feasible, further experience is 
necessary to determine whether this approach is clin- 
ically successful and cost-effective. 


Results 


The efficacy of autoaugmentation in improving blad- 
der capacity and compliance has been varied. 
Cartwright and Snow!%7 have reported follow-up of 
greater than 1 year in 30 patients, 19 of whom had a 


neuropathic bladder secondary to spina bifida. All 
patients had preoperative urodynamic evidence of 
reduced bladder compliance and detrusor hyper- 
reflexia. Whereas clinical success has been dramatic in 
some patients, the overall results have been less 
impressive. One-third of the patients had a significant 
increase in bladder capacity, an additional one-third 
were unchanged, while one-third had loss of capacity. 
Evaluation of bladder compliance revealed that 60% 
had an improvement in compliance by >50% com- 
pared with preoperative measurements, 20% had a 
20-50% improvement, and the remainder did not 
change significantly. Following autoaugmentation, 
the majority of patients remained on intermittent 
catheterization, although 20% demonstrated the abil- 
ity to void spontaneously. Seven of these 30 patients 
have required secondary enterocystoplasty. 

Snow and Cartwright have re-evaluated preopera- 
tive parameters in these patients in an effort to iden- 
tify specific factors that would help to prognosticate 
eventual outcome following autoaugmentation. 
Unfortunately, they were unable to identify any such 
factors. However, certain generalizations can be made 
from this analysis. Autoaugmentation appears to be 
poorly suited to patients with a history of bladder 
exstrophy or multiple prior bladder operations, since 
in these patients it is difficult to develop a plane 
between the bladder muscle and mucosa. Results have 
also been relatively poor in these groups. The ideal 
candidate is the patient with a near-normal bladder 
capacity but reduced compliance. 

Since the original publications describing the 
autoaugmentation technique, several other centers 
have reported their experiences with autoaugmenta- 
tion in children. Stothers et al!5° performed autoaug- 
mentations in 12 pediatric patients. They observed a 
mean increase in bladder capacity of 40% and a mean 
decrease in leak point pressure of 33%. Skobejko- 
Wlodarska et al!5! have reported on the use of 
autoaugmentation in 21 children with spina bifida 
and found a modest increase in bladder capacity in 
two-thirds of patients and significant improvements 
in bladder compliance in another two-thirds. Two 
recent series with long-term follow-up in children 
with myelomeningocele have demonstrated less 
favorable results.'52-!53 Both studies demonstrated 
that a majority of patients were considered surgical 
failures due to a lack of clinical and/or urodynamic 
improvement and a high incidence of patients requir- 
ing subsequent enterocystoplasty. 

The experience with autoaugmentation in the adult 
population appears to be more predictable and con- 
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sistently favorable than the results described thus far 
in children. Stohrer et al!54155 reported on 50 adult 
patients from their spinal cord injury center. In 
patients with neuropathic hyperreflexive bladders that 
were refractory to medical therapy, bladder autoaug- 
mentation was found to increase mean bladder capac- 
ity from 121 to 406m! with 
improvements in bladder compliance. McGuire and 
colleagues!*¢ recently compared the efficacy of ente- 
rocystoplasty to autoaugmentation in adults. They 
reported on over 60 patients undergoing either 
autoaugmentation or conventional enterocystoplasty. 
There were no significant differences in postoperative 
urodynamic parameters between enterocystoplasty 
and autoaugmentation in patients with refractory 
detrusor instability, interstitial cystitis, radiation cysti- 
tis, and other forms of neuropathic bladder. An 
important finding was that enterocystoplasty was uni- 
formly superior to autoaugmentation in patients with 
a history of myelodysplasia. The overall improvement 
in the results of autoaugmentation in adults may be 
related to differences in the bladder disease processes 
and patient population. Autoaugmentation is mostly 
performed in children with a neuropathic bladder 
from congenital causes, whereas in adults the neuro- 
pathic bladder is usually an acquired condition. It may 
be that autoaugmentation is more successful in adults 
because surgery is undertaken earlier in the disease 
process prior to irreversible histologic and functional 


changes in the bladder wall. 


concomitant 


Seromuscular enterocystoplasty 


Seromuscular enterocystoplasty involves the use of a 
demucosalized flap of colon, stomach, or ileum. The 
removal of the gastrointestinal mucosa results in a 
denuded seromuscular flap that can either (1) be used 
alone as an augmentation flap that is subsequently re- 
epithelialized with native urothelium from the native 
bladder or (2) used in conjunction with autoaugmen- 
tation in which the seromuscular flap is placed over 
the exposed bladder mucosa of an autoaugmented 
bladder. The use of a demucosalized segment of 
bowel for bladder augmentation was first described 
by Shoemaker in 1955.!57158 He was able to show 
that seromuscular bowel flaps, when placed into the 
bladder wall with the denuded side either inward or 
reversed, such that the serosa faced the lumen of the 
bladder, were re-epithelialized by urothelium. Unfor- 
tunately, subsequent long-term studies in small and 
large animals have consistently demonstrated that 
seromuscular bowel segments alone scar and con- 


tract, 159-162 Histologic evaluation suggests that the 
scarring is due to the trauma associated with the 
demucosalization process and/or a prolonged inflam- 
matory response in the denuded bowel before the re- 
epithelialization of the seromuscular flap from the 
native bladder urothelium occurs. 

The intention of seromuscular enterocystoplasty is 
to combine the advantages of conventional entero- 
cystoplasty while preserving the native urothelium of 
the bladder. This procedure ideally results in a 
muscle-backed augmentation flap that is lined with 
urothelium. Contraction of the seromuscular flap is 
hopefully avoided by either rapid regrowth of native 
urothelium over the demucosalized surface or adher- 
ence of the native urothelium to the demucosalized 
gastrointestinal segment (when combined with 
autoaugmentation). Numerous animal studies have 
demonstrated that seromuscular enterocystoplasty 
with or without autoaugmentation can successfully 
augment the bladder, with elimination of the compli- 
cations related to retained intestinal epithelium. 163-167 
However, clinical experience thus far has been mixed 
and varied. Early experience with this procedure sug- 
gested that the success may be limited by the same 
factors that give rise to inconsistent results with 
autoaugmentation. More recent modifications of the 
technique, including improved methods for demucos- 
alization and constant distention of the seromuscular 
flap during the initial postoperative period, have 
demonstrated that more reliable results are possible. 
Further experience with long-term follow-up is 
needed to better determine the factors that are impor- 
tant in predicting success and whether this type of 
augmentation remains stable without future fibrosis, 
loss of compliance, and/or metaplastic changes. Nev- 
ertheless, seromuscular enterocystoplasty represents 
an intriguing advancement in bladder augmentation 
techniques whose appropriateness for routine use in 


children is currently being defined. 


Anatomy and physiology 


Seromuscular enterocystoplasty has been accomplished 
with stomach, ileum, and colon. The metabolic conse- 
quences of seromuscular enterocystoplasty are pre- 
sumed to be minimal, since the native urothelium is 
kept intact. This assumption is supported in part by 
animal studies.!©° Histology from these studies reveals 
that the urothelium covering the seromuscular flap 
appears normal.!67;!68 Whether or not late metaplastic 
changes will occur in the bladder urothelium when it is 
placed in direct contact with a seromuscular segment of 
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bowel is not known. It has been well documented that 
stromal-epithelial interactions in other individual 
organs are important for normal cell growth and func- 
tion.16%170 The stroma of the bowel segment may 
adversely affect the overlying growth and function of 
the bladder urothelium in the long term. 


Advantages and disadvantages 


The advantages of this procedure are similar to those 
of autoaugmentation, with the most important being 
preservation of the native urothelium. This avoids the 
aforementioned complications associated with the 
interposition of heterotopic intestinal epithelium in 
the urinary tract. Since it has been shown that partial 
re-epithelialization of the seromuscular segment with 
enteric epithelium can occur, it is not clear that these 
problems will be totally avoided. This is especially 
important when considering the long-term risk of 
tumor formation, since the presence of any intestinal 
mucosa is clearly worrisome. An advantage of sero- 
muscular enterocystoplasty over autoaugmentation 
alone is the provision of adequate muscle backing of 
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the augmented segment. This may potentially reduce 
the risk of scarring and fibrosis and may lessen the risk 
of spontaneous perforation. 

There are currently two major disadvantages to this 
procedure. It is a technically demanding procedure 
and much more labor intensive than conventional 
augmentation cystoplasty or autoaugmentation alone. 
In addition, clinical experience is limited and the 
available published results are mixed with regard to 
postoperative urodynamic improvements. Postopera- 
tive distention of the augmented bladder appears to 
be an important factor for the success of this proce- 
dure. Thus, some authors have advocated routinely 
increasing bladder outlet resistance with seromuscular 
enterocystoplasty and the avoidance of concomitant 
intravesical procedures when possible.#8 


Surgical technique 


Seromuscular enterocystoplasty is initially begun by 
isolating a segment of stomach, ileum or colon. 
(Figure 56.12). The isolated segment of stomach or 
bowel is then detubularized. The most difficult and 
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Figure 56.12 Seromuscular enterocystoplasty. (a) A portion of stomach or colon is isolated. (b) The mucosa is 
removed with sharp dissection. (c and d) An autoaugmentation is then performed, resulting in an exposed divertic- 
ulum of bladder mucosa. (e) The demucosalized flap of stomach or colon is laid on top of the exposed mucosa and 
anastomosed to the edges of bladder muscle. (f) A drain can be placed in between the flap and the mucosa to facil- 
itate adherence of the two surfaces. (Adapted from Buson et al,168 with permission.) 
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technically demanding portion of this procedure is 
demucosalization of the flap. The plane of dissection 
and whether the submucosa should remain with the 
seromuscular flap is a point of contention. It has been 
suggested by some authors that the muscularis 
mucosa (which is contained in the submucosa) needs 
to be removed in addition to the enteric mucosa to 
prevent regrowth of intestinal mucosa and flap con- 
tracture,!7! whereas others have argued that preserva- 
tion of the submucosa with the flap is necessary to 
prevent flap contracture during the immediate post- 
operative period. 172 Once the plane of dissection is 
established, removal of the mucosa can be accom- 
plished with sharp dissection and intermittent use of 
electrocautery. Usually, the mucosa can be progres- 
sively peeled away from the underlying muscle once 
the proper plane has been established. Occlusion of 
the arterial blood supply during this dissection can be 
done to decrease blood loss and facilitate visualiza- 
tion. 173 Since some have postulated that the trauma of 
demucosalization is a factor that contributes to flap 
contracture, alternative methods of mucosa removal 
have been developed, including use of an argon beam 
laser.!74 Alternatively, the bowel segment can be dis- 
tended with a Foley balloon prior to detubularization 
and the seromuscular flap can be dissected off of the 
underlying mucosa from the outside. 175 

If the seromuscular enterocystoplasty is to be per- 
formed alone without autoaugmentation, the demu- 
cosalized flap is placed onto the bivalved bladder as is 
routinely done for intestinocystoplasty. Postopera- 
tively, some authors have suggested the need for 
diversion of urine from the bladder with externalized 
stents and distention of the augmented bladder with a 
silicone balloon for the first couple of weeks postop- 
eratively to avoid flap contraction. 176 

If the seromuscular enterocystoplasty is to be com- 
bined with autoaugmentation, the flap is placed on 
top of the exposed mucosa following completion of 
the autoaugmentation, as described in the previous 
section. Adherence of the bladder mucosa to the raw 
surface of the seromuscular flap is felt to be critical to 
the long-term success of this operation. Several tech- 
niques have been suggested to facilitate this process. 
A small, flat Jackson—Pratt drain has been used to pre- 
vent the formation of a hematoma or seroma between 
the urothelium and the seromuscular flap that could 
prevent adherence between the two surfaces. Multiple 
mattress sutures can also be used to secure the flap to 
the native bladder urothelium. As with autoaugmen- 
tation, postoperative distention of the bladder with 
intermittent irrigation or constant distention of the 


bladder to 20-30 cmH,O appears to be important for 
success. Carr et al!7 have described the use of a 
Helmstein balloon in the bladder postoperatively to 
produce partial distention and compaction of the 
urothelium against the denuded muscle. 


Results 


Initial preliminary reports by Dewan and Gonzalez in 
both animal models and humans were encourag- 
ing.!67-168,177,178 Ty a series of 16 patients undergoing 
seromuscular colocystoplasty using sigmoid colon, 
bladder capacity was increased to almost 2.5 times the 
preoperative volume and end filling pressures 
decreased by approximately 50%.!78 Dewan and Ste- 
fanek!77 reported on five patients undergoing sero- 
muscular gastrocystoplasty. Four of the five patients 
had urodynamic evidence of improved bladder capac- 
ity and compliance during the first postoperative year. 
Despite these initial encouraging results, it is impor- 
tant to note that the follow-up in these early series 
was relatively short, and that approximately 25% of 
patients have eventually required a secondary opera- 
tion due to either complications related to the sero- 
muscular flap (contracture) and/or failure to improve 
adequately bladder capacity and/or compliance. 

A subsequent report from Carr et al”? described 
13 patients that underwent seromuscular gastrocysto- 
plasty with variable success. The mean follow-up was 
50 months. Five patients had a ‘good’ outcome and 
four had a ‘fair’ outcome with regard to objective uro- 
dynamic and subjective clinical improvement. The 
remaining four patients had a poor result and 
required reaugmentation. Evaluation of preoperative 
urodynamic and radiographic data in these patients 
again demonstrated that it was not possible to predict 
preoperatively which patients would do well after 
seromuscular gastrocystoplasty. 

More recent large series with long-term follow-up 
have now been reported with more encouraging 
results. Lima et al!76 reported on 129 patients that 
underwent seromuscular enterocystoplasty, of which 
24 were done without concomitant autoaugmentation: 
sigmoid was used in 104 cases and ileum was used in 
the remaining 25; median follow-up was 51 months; a 
329% increase in bladder capacity was noted and a sev- 
enfold increase in bladder compliance; no significant 
mucus production was noted in any patient and no 
cases of perforation were observed; and 10% of 
patients did require reaugmentation. The authors 
attributed their improved success to several modifica- 
tions in technique, including demucosalization of the 
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seromuscular flap from the outside using an intralumi- 
nal Foley balloon during this important dissection, rou- 
tine postoperative distention of the bladder, and 
diversion of the urine for 2-3 weeks. Jednak et al”? 
have also reported favorable results in 32 patients: all 
were done in conjunction with autoaugmentation; 
mean follow-up was 1.6 years; and a near twofold 
increase in bladder capacity was noted with a 12.5% 
reaugmentation rate. A more recent report from the 
same group has also demonstrated the ability to com- 
bine seromuscular enterocystoplasty with placement of 
an artificial sphincter with no increase in the complica- 
tion rate. 

Recurrent or persistent intestinal mucosa has been 
found in several patients after seromuscular entero- 
cystoplasty.171,179 Whether this partial intestinal 
regrowth is progressive or clinically relevant remains 
to be determined. As mentioned above, it has been 
suggested and supported by animal studies that 
removal of the submucosa may prevent re-epithelial- 
ization of the seromuscular flap with islands of native 


enteric mucosa. 171 


Ureterocystoplasty 


The use of ureteral tissue for bladder augmentation 
was first described in 1992.180.181 Since then, its use 
in children has become more popular.18%-184 
many reasons native ureter is the best tissue available 
for augmentation cystoplasty. It is autologous, lined 
with urothelium, backed by muscle, distensible, and 
compliant. However, few patients in need of bladder 
augmentation have widely dilated ureters available for 
such use. Patients who are candidates for uretero- 
cystoplasty should have either a non-functional renal 
unit that can be removed, making the ureter and renal 
pelvis available, or a functional renal unit that is asso- 
ciated with a massively dilated, tortuous, and elon- 
gated ureter.!8?:185 The lower ureter can then be used 


For 


for augmentation while kidney drainage is re-estab- 
lished either by reimplantation of the straightened 
upper ureter into the bladder or by transuretero- 
ureterostomy. 

One of the challenges that one faces in selecting the 
appropriate patient for ureterocystoplasty is determi- 
nation of whether the ureter that is to be used is going 
to be adequate for successful augmentation. Recent 
clinical experience and long-term urodynamic follow- 
up suggests that the detubularized and reconstructed 
ureter following ureterocystoplasty remains compli- 
ant, but that the overall compliance, distensibility, 
and volume may not increase significantly as com- 


pared with the dilated intact ureter in its preoperative 
state. Thus, postoperative urodynamic studies in a 
patient with a refluxing ureter that was used for urete- 
rocystoplasty may not show a significant increase in 
volume and compliance of the augmented bladder 
compared with preoperative studies (when the ureter 
was refluxing and intact).!8° However, if the ureter 
that is to be used is not refluxing, then improvement 
in urodynamics following ureterocystoplasty would 
be expected and may be directly related to the degree 
of ureteral dilatation that is present preoperatively. 
Given this, preoperative urodynamic studies can be 
very valuable in select patients in predicting success or 
failure following ureterocystoplasty, especially in the 
setting of refluxing ureter. 

Ureterocystoplasty can also be appropriate in 
patients with end-stage renal failure on dialysis who 
are awaiting transplantation and are in need of aug- 
mentation owing to bladder dysfunction. As is the 
case with conventional intestinocystoplasty, the aug- 
mented bladder following ureterocystoplasty and sub- 
sequent transplantation has been shown to function 
adequately. 187 


Anatomy and physiology 


Preservation of the ureteral blood supply is para- 
mount when performing ureterocystoplasty. The 
normal ureter receives its blood supply from branches 
of numerous vessels including the aorta and renal, 
gonadal, and common iliac arteries (Figure 56.13). 
The upper ureter receives its blood supply medially, 
whereas the lower ureter receives it posterolaterally. 
There are extensive anastomosing plexuses in the 
adventitia of the ureter that are important to preserve 
if viability of the ureter is to be maintained. Careful 
attention to these vessels allows for long segments of 
ureter to be mobilized without vascular compromise. 
Ureteral urothelium is contiguous with the urothe- 
lium from the bladder and has similar physiologic 
characteristics. Peristalsis of the ureter depends on 
autonomic innervation and input from intrinsic pace- 
maker sites in the minor calices of the renal collecting 
system. 188 Although the ureter is detubularized and 
its inherent innervation is disrupted with uretero- 
cystoplasty, it appears that the ureteral tissue still 
maintains some ability to contract. 


Advantages and disadvantages 


There are several advantages in using the ureter for 
augmentation. As is the case with autoaugmentation, 
the major advantage of ureterocystoplasty is that the 
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Figure 56.13 Arterial blood supply to the ureter. 
(Adapted from Lindner,’” with permission.) 


native urothelium is preserved, thereby avoiding the 
specific potential problems associated with the use of 
bowel. Unlike some cases following autoaugmention, 
the full-thickness opened ureter does not tend to 
shrink with time, unless the vascular supply is com- 
promised. In patients with end-stage renal disease, the 
procedure can be performed extraperitoneally, thus 
preserving the peritoneum for future peritoneal dialy- 
sis. Alternatively, it can also be performed with 
laparoscopic assistance for the nephrectomy and 
upper ureter mobilization.70!89190 When needed, 
concomitant procedures in the bladder may also be 
performed. It seems likely that the risk of tumor for- 
mation will be avoided, and perforation of the aug- 
mented bladder may be less probable. However, 
long-term follow-up will be needed to confirm these 
possibilities.!8? Finally, there is increased potential for 
spontaneous voiding postoperatively, especially in 
patients who are able to empty their bladders ade- 
quately preoperatively. 

The main disadvantage of ureterocystoplasty is that 
it is only applicable in a minority of patients. More 
recently, the use of ureterocystoplasty has been 
expanded in an attempt to take advantage of this valu- 
able tissue and make it available to more surgical can- 
didates. Its use has been reported in patients with a 
duplex system in which either the upper or lower pole 


is non-functioning.!?! In patients with a duplex 
system and a dilated ureter in conjunction with a 
functioning renal segment, drainage of that segment 
can be accomplished with an ipsilateral pyeloureteros- 
tomy or a ureteropyelostomy with preservation of the 
distal portion of the ureter for augmentation. Ahmed 
et al!92 also described the tandem use of bilateral 
megaureters for ureterocystoplasty. 

Efforts are being made to produce dilated ureters to 
make ureterocystoplasty available to more patients. 
Lailas et al!’ have demonstrated in a rabbit model 
that a temporary cutaneous ureterostomy can be used 
to perform hydrostatic distention of the ureter with 
subsequent successful ureterocystoplasty. Others have 
reported that placement of a tissue expander in pig 
ureters adequately dilates the ureter. 194195 


Surgical technique 


Patients undergoing ureterocystoplasty should have a 
full bowel preparation and sterilization preoperatively 
in case the ureter is not suitable for augmentation. The 
procedure can be performed either through a midline 
incision with transperitoneal approach to the urinary 
tract or via two incisions such as is used for 
nephroureterectomy.!%6 The latter approach is 
extraperitoneal. This may be advantageous in patients 
with severe renal insufficiency who may subsequently 
require peritoneal dialysis. A nephrectomy is per- 
formed initially, preserving the renal pelvis. The upper 
portion of the ureter and renal pelvis are then mobi- 
lized (Figure 56.14). Efforts should be made to pre- 
serve as much renal pelvis as possible since this 
increases the surface area of the augmentation. One 
should include any available periureteral tissue to pro- 
tect the network of vessels within the ureteral adventi- 
tia. Although the blood supply from the lower ureter 
(which is derived posterolaterally) can maintain the 
viability of the upper ureter via this adventitial net- 
work, efforts should also be made to preserve collater- 
als from the gonadal vessels and the main renal vessels. 
These vessels supply the renal pelvis and upper ureter 
directly and their preservation helps to ensure ade- 
quate vascular supply to the upper portion of the 
ureter. As Churchill et al!” have noted, preservation 
of the upper ureteral blood supply is most important 
when previous reconstructive surgery has compro- 
mised the collaterals involving the distal ureter. 
Following mobilization of the renal pelvis and 
ureter, the ureter is detubularized and reconfigured to 
form a patch. The bladder is then opened. The 


bladder incision extends from the ipsilateral ureteral 
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Figure 56.14 Ureterocystoplasty. A standard nephrec- 
tomy is performed with preservation of the renal 
pelvis. (a) The proximal ureter is mobilized, with 
preservation of the medial blood supply. (6) The ureter 
is then detubularized, with the incision for detubular- 
ization connecting with the off-center cystostomy. (c) 
The ureter is folded on itself and anastomosed to the 
opened bladder. 


orifice to the contralateral ventral quadrant of the 
bladder. The incision is carried through the ipsilateral 
ureteral orifice so that it unroofs the intravesical 
ureter and meets the detubularization incision in the 
ureter. This allows the bladder to be opened suffi- 
ciently for ureterocystoplasty without much risk of an 
hourglass deformity. Alternatively, to preserve vascu- 
larity, the incision can stop short of the orifice, main- 
taining the normal configuration of the distal ureter 
for a few centimeters.!8! Once the bladder is ade- 
quately opened, the reconfigured ureteral segment is 
sutured to the defect in the bladder, creating a wide 
anastomosis. Prior to closure, a suprapubic tube is 
placed through the native bladder, and left indwelling 
for 2-3 weeks. Postoperative care is essentially the 
same as for routine enterocystoplasty, except that 
daily irrigation for mucus is not required. 


Results 


Since its original description in 1992, wide experience 
has been gained with ureterocystoplasty. Early reports 
demonstrating its efficacy have led to increased enthu- 
siasm for this technique and a desire to use ureter 
instead of intestinal segments whenever adequate 


ureteral tissue is available. Churchill et al!8? initially 
reported on 16 patients: there was a 218% increase in 
bladder capacity, a 284% increase in pressure-specific 
bladder capacity, and a 227% increase in bladder 
compliance. In a follow-up to this study, Landau et 
al!°8 compared the urodynamic results between 
patients treated with ileocystoplasty and those with 
ureterocystoplasty. They reported no significant dif- 
ferences in the postoperative mean increase in bladder 
capacity and pressure-specific bladder volume. Both 
procedures produced in excellent functional results. 
Hitchcock et all? described similar excellent short- 
term results in eight patients. 

Subsequent reports have also demonstrated that 
ureterocystoplasty can be an effective augmentation 
procedure, but have further clarified which patients 
are most appropriate for the procedure and what 
amount of ureter is needed for success. Pascual et al? 
described 22 patients in which only the distal ureter 
of a single ureter was utilized for augmentation. 
Whereas increases in capacity and improvement in 
compliance were noted, only 50% of the patients 
reached the expected age capacity of the bladder and 
the overall results were less successful than other 
reported previous series in which the entire ureter was 
utilized. In the largest series to date, Hussman et al!8° 
reported on 64 patients from multiple institutions. In 
40 of the patients, augmentation was performed with 
a complete single or double collecting system. In 9/40 
patients, reflux was not present and postoperative suc- 
cess directly correlated with a preoperative ureteral 
diameter of >1.5 cm. In the remaining 31 patients, 
reflux was present preoperatively. In these refluxing 
patients, if the system on preoperative urodynamics 
demonstrated only mild non-compliance (>20 ml/ 
cmH,O), ureterocystoplasty improved compliance 
onefold and was adequate. However, if the system 
preoperatively demonstrated poor compliance, urete- 
rocystoplasty did not adequately improve capacity 
and compliance, resulting in 81% of patients having 
either undergone or being considered for reaugmen- 
tation. 

Collectively, these results suggest that the ideal 
patient for ureterocystoplasty is one with a massively 
dilated ureter in which most (or all) of the ureter can 
be used for augmentation purposes. If reflux is pre- 
sent preoperatively, then preoperative urodynamics 
can be predictive of future success. If a poorly com- 
pliant system is present in the setting of a dilated 
refluxing ureter, then failure and the need for reaug- 
mentation are likely. Novel techniques to make urete- 
rocystoplasty more readily available for patients that 
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do not have massive dilation of the ureter are cur- 
rently being investigated. 


Tissue-engineered bladder 


The complications associated with using various por- 
tions of the gastrointestinal tract for genitourinary 
reconstruction in both adults and children, described 
in this chapter, have stimulated the development of 
tissue-engineering techniques for bladder reconstruc- 
tion. Current research efforts are focused on the 
development of biodegradable materials that are well 
characterized with predictable behavior. Although 
attempts at bladder reconstruction via bladder regen- 
eration are not new,?°! the major obstacle has been 
the lack of a biomaterial, either permanent or 
biodegradable, that will function as a suitable scaffold 
to allow the process of regeneration to occur either 
naturally or with the addition of cultured cells. The 
ideal graft material is one that would be replaced by 
the host tissue, provide a low-pressure reservoir, and 
serve as a scaffold for regeneration of the bladder wall 
with normal functional characteristics. If a suitable 
graft material were developed, the need for autoge- 
nous tissue and the associated complications of 
intestinal segments could be eliminated. Currently, 
two types of tissue-engineering technology have been 
shown to induce bladder regeneration in preliminary 
studies: ‘unseeded’ and ‘seeded’ technologies. 


Unseeded technology 


The first technique currently being investigated for 
bladder regeneration is unseeded technology. This 
involves the use of tissue matrix grafts that are 
biodegradable, acellular, collagen based, autologous, 
or xenogenic.?°?-24 This technology involves place- 
ment of the graft into the wall of the host bladder. 
The body then provides the needed environment for 
subsequent cell growth and tissue generation. This 
represents an unseeded bladder regenerating process. 

Thus far, the major obstacle to unseeded tissue- 
engineering technology has been the inability to 
develop an optimal biomaterial that will act as a suit- 
able scaffold for the ‘natural process of regeneration. 
Synthetic non-biodegradable materials such as sili- 
cone, rubber, polytetrafluoroethylene, and poly- 
propylene have been tried without success because of 
host-foreign body reactions.?°? As a consequence 
of these failures with non-biodegradable materials, 
synthetic biodegradable materials were developed. It 


is anticipated that these grafts will allow the host blad- 
der adequate time for regeneration but dissolve before 
the onset of foreign body reactions. These materials 
have been used experimentally and have shown less 
graft encrustation and fewer infectious complications 
than non-biodegradable materials. However, graft 
shrinkage still limits the potential clinical utility of 
these materials.71? Non-synthetic biodegradable 
materials such as placenta, amnion, and pericardium 
have been investigated and have shown a clear ability 
to host bladder regeneration.?!!-?!4 However, despite 
initial encouraging laboratory results, none of these 
materials has been found to be suitable for clinical 
use. The reasons for this are not entirely clear. It can 
only be speculated from the available literature that 
long-term experimental results with these biodegrad- 
able materials did not replicate the initial results and, 
therefore, clinical trials were not undertaken. 

Recently, new types of biodegradable material have 
been developed that have shown tremendous poten- 
tial for the induction of bladder regeneration with 
unseeded tissue-engineering technology. These mate- 
rials are acellular extracellular matrix (ECM) grafts 
that are derived from various organs. The graft is 
made acellular by a mechanical process that lyses the 
cells and/or by detergent and enzymatic extraction. 
These types of ECM grafts have been derived from 
full-thickness bladder and stomach and the submu- 
cosal layer of small intestine.?02-215,216 

The most thoroughly studied collagen-based ECM 
graft for bladder augmentation and urinary recon- 
struction using unseeded technology is small intesti- 
nal submucosa (SIS).?!7 SIS is a xenogenic membrane 
derived from pig small intestine in which the mucosa 
is mechanically removed from the inner surface and 
the serosa and muscularis are mechanically removed 
from the outer surface. This results in a thin, translu- 
cent membrane (0.1 mm wall thickness) composed 
mainly of the submucosal layer of the intestinal wall. 
Production of SIS is reminiscent of the manufacture 
of sausage casing. This unique material has been 
shown to function well as an arterial or venous graft, 
with rapid replacement by native tissues and evidence 
of tissue-specific regeneration.?!8-?20 

SIS grafts have been shown to promote full-thickness 
bladder regeneration in both rat and canine animal 
models.?2! The regenerated bladder tissue is composed 
of all three layers of the normal bladder wall (urothe- 
lium, smooth muscle, and serosa). In addition, the 
regenerated segment is contractile, compliant, and func- 
tionally innervated. Urodynamic studies in a long-term 
canine augmentation model have demonstrated that the 


902 Clinical pediatric urology 


SIS augmented bladder maintains normal bladder 
capacity and compliance for at least 15 months postop- 
eratively.?7* In-vitro muscle strip studies on the regen- 
erated portions of the bladders also demonstrate 
contractility and compliance that is similar to normal 
bladder.2?8 

SIS has been shown to be non-immunogenic, with 
over 1000 cross-species transplants and direct chal- 
lenge testing elucidating no response.??®226 In addi- 
tion, SIS is unique from other biomaterials that have 
been studied thus far in that it contains a combination 
of active intrinsic growth factors, cytokines, structural 
proteins, glycoproteins, and proteoglycans that may 
assist in cell migration, cell-to-cell interaction, and cell 
growth and differentiation during the regenerative 
precess,2?/-2?? These inherent elements within SIS 
may prove to be vital to the regenerative process. It 
has been recently published that different segments of 
SIS may have different regenerative potentials for the 
bladder. Kropp et al??° have been able to show more 
reliable bladder regeneration when utilizing distal 
ileum from a 3-year-old sow as compared with the 
proximal jejunal segment from the same age sow.?#! 
The reasons for this variable regeneration are not yet 
clear and are under investigation. 

Acellular ECM grafts similar to SIS have also been 
shown to induce bladder regeneration. Preliminary 
work by Sutherland et al293 and Piechota et al??? 
demonstrated successful morphologic and functional 
regeneration of the rat urinary bladder with homolo- 
gous bladder acellular matrix grafts (BAMG). Reddy 
et al?l6 also reported on partial bladder substitution 
with porcine bladder acellular matrix allografts 
(BAMA) in a porcine model. They demonstrated that 
the regenerated urothelium with BAMA was multi- 
layered and that there was also histologic evidence of 
organized smooth muscle regeneration and neoangio- 
genesis at 30 days. 

The above experience with SIS and other similar 
ECM-derived biomaterials clearly demonstrates that 
bladder regeneration using unseeded tissue-engineer- 
ing technology is feasible without the complications 
of graft shrinkage, encrustation, and infection. These 
observations have significant clinical ramifications. 
The ability to augment the bladder without the use of 
bowel or other native host tissue would eliminate 
many of the complications of conventional entero- 
cystoplasty and would simplify the technical aspects 
of this operation. Further research into the individual 
composition of the various biomaterials,?33:234 the 
growth fac- 
that are involved in the bladder regen- 


cell-to-cell interactions, and the 


tors293,235-237 


erative process will be required before clinical use of 
these grafts. Advances in this type of mechanistic 
research will bring us closer to having an off-the-shelf, 
acellular, clinically available product for bladder aug- 
mentation. 


Seeded technology 


The second type of tissue-engineering technology, the 
seeded technique, involves the use of biodegradable 
materials that act as cell-delivery vehicles for cultured 
cells from the patient. This technique has been 
applied to the urinary bladder. Initially, this process is 
begun by harvesting native bladder tissue for the 
establishment and expansion of primary cultures of 
both bladder smooth muscle and epithelial cells. 
Cilento et al?#8 demonstrated that it is possible to 
expand a bladder epithelial cell culture from a single 
biopsy specimen such that the cultured cells could 
cover a surface area of over 400 m? within 8 weeks. 
Once the cells are grown, they are seeded on a 
biodegradable membrane in vitro and then trans- 
planted back into the host for continuation of the 
regenerative process. Atala et al?9 demonstrated the 
successful use of non-woven polyglycolic acid poly- 
mer sheets that allow the seeded growth of rabbit and 
human bladder epithelium and smooth muscle cells. 
Further work demonstrated that these cell—-polymer 
constructs could then be implanted into athymic 
mice, with the subsequent formation of organized 
layers of bladder epithelial and smooth muscle cells. 
Yoo et al?#° and Oberpenning et al?4 reported on the 
feasibility of dog bladder augmentation using allo- 
genic bladder submucosa or polyglycolic acid poly- 
mers seeded with urothelial and smooth muscle cells. 
Organized bladder histology was noted in the regen- 
erated bladder tissue. More importantly, the regener- 
ated bladder tissue was found to increase bladder 
capacity and was urodynamically compliant. 
Recently, many other materials have been shown to 
support the growth of bladder cells, both in vitro and 
in vivo.242,243 In addition to research looking at dif- 
ferent types of biomaterials to support cell growth, 
both biologic and synthetic new approaches to deliver 
cells back to the host are being explored. These 
include the development of a capsule around the blad- 
der and the use of de-epithelialized bowel seg- 
ments.244-247 The importance of new or pre-existing 
vasculature to provide a conduit for nutrients to the 
regenerating tissue is evident. This has initiated new 


248 


research efforts to create a vascularized matrix?*® and 


other novel methods to induce neovascularization in 
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the regenerating tissue. Further advancements in bio- 
material development, methods of cell attachment, 
and angiogenesis will be areas of intense future 
research aimed at improving the type of tissue regen- 
eration that results from seeded technology. 

It is clear that bladder regeneration is possible 
using both unseeded and seeded tissue-engineering 
technologies. Further advances in current techniques 
will eventually revolutionize urologic reconstructive 
surgery as we know it today. Additional work is 
needed before clinical application of these techniques. 
One of the concerns that has been expressed is that 
all of the animal studies performed thus far have been 
in animals with a normal bladder. It is not known 
whether normal bladder regeneration can be achieved 
with either unseeded or seeded technology in an 
animal or a patient with a neuropathic bladder. Lin 
et al?49 recently demonstrated that cultured cells from 
the neuropathic bladder retain functional differences 
in vitro. Ongoing work is aimed at determining 
whether these functional differences are retained in 
vivo when these cells are utilized in a seeded fashion 
to regenerate bladder tissue. This must be under- 
stood before tissue-engineering technologies can be 
applied clinically. Additional information is needed to 
understand the differences between the unseeded and 
seeded approaches and the resultant regenerated 
bladder, such that the best aspects of each technology 
may be used to achieve a superior result. It is hoped 
that future chapters on bladder augmentation will 
discuss the use of intestinal segments as an historical 
footnote, and the major focus will be on the indica- 
tions and methods for various types of tissue-engi- 
neering technologies. 
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Introduction 


The past 30 years have seen unprecedented advances 
in lower urinary reconstruction in children. The 
majority of congenital urologic abnormalities can 
now be addressed by primary reconstruction with the 
exception of urinary and fecal continence. These pro- 
cedures can be performed even in small infants. Thus, 
the need for permanent conduit diversion with the 
storage receptacle outside the body as a bag has dwin- 
dled, and is now used primarily in children who can 
never live an independent lifestyle. In children where 
permanent urinary diversion is required, it is nearly 
always with a continent urinary reservoir that is then 
emptied by intermittent catheterization. This chapter 
will focus primarily on continent urinary reservoirs 
(CURs). 

Some urologic problems are still encountered 
where severe urinary obstruction in the neonate may 
prevent definitive reconstruction. In this patient pop- 
ulation temporary diversion may be necessary. Intu- 
bated diversions are generally reserved for patients 
requiring a short duration (weeks to a few months) of 
urinary drainage. These may be especially useful in 
the setting of an unstable or a small premature child 
that requires relief of obstruction, or when renal func- 
tion cannot be adequately assessed without first alle- 
viating the obstruction. These non-continent urinary 
diversions will be briefly discussed. 


Temporary urinary diversion 


Temporary intubated diversions 
Urethral catheter 


The most frequently used intubated urinary diversion 
is the urethral catheter. The most common pediatric 


urologic condition managed initially with a urethral 
catheter in the neonate is posterior urethral valves 
(PUV). A 5 or 8 Fr feeding tube is usually placed to 
drain the bladder temporarily prior to endoscopic 
valve fulguration. In males with dilatation of the pos- 
terior urethra, the catheter will occasionally coil in the 
prostatic urethra and incompletely drain the bladder. 
In this scenario, a small lacrimal duct probe can be 
used as a catheter guide. It is sometimes helpful to 
place a finger in the rectum to elevate and straighten 
the prostatic urethra during catheter placement. 
Whenever the catheter is difficult to pass, it is appro- 
priate to obtain an abdominal radiograph, after inject- 
ing a small amount of contrast through the catheter, 
to ensure its proper position in the bladder. In the 
older child who requires bladder drainage, a 6 or 8 Fr 
balloon (Foley) catheter is a reasonable alternative. 
Intermittent catheterization is another option for chil- 
dren with urinary retention and has proven to be safe 
in even the neonate. 

Complications of urethral catheters in children are 
usually related to improper placement or prolonged 
use, and include urethral injury, urethritis or meatitis, 
urinary tract infection (UTI), urethral stricture, and 
bladder stones. Care must be taken when using a 
feeding tube as a catheter in the small infant/neonate 
to avoid coiling the catheter in the bladder, which can 
result in a knot in the tube that will often require a 
cystotomy to remove. 


Percutaneous suprapubic cystotomy 


In rare circumstances when a urethral catheter is con- 
traindicated or cannot be placed, a suprapubic cysto- 
tomy tube can provide short- or long-term bladder 
drainage. Percutaneous cystotomy is very useful in the 
infant or child with urethral trauma or following a 
reconstructive procedure for epispadias or complex 
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hypospadias in the older child. Kits are available that 
allow catheter placement either simultaneously with 
the trocar (Stamey percutaneous suprapubic catheter 
set; Cook Urological, Spencer, Indiana, USA) or 
through it (Cystocath suprapubic drainage system; 
Dow Corning, Midland, Michigan, USA). A full 
bladder is an absolute prerequisite to percutaneous 
catheter placement and can be confirmed sonograph- 
ically if needed. If necessary, the bladder can be filled 
with a small urethral catheter or by placing a small 
percutaneous angiocatheter or spinal needle into the 
bladder for localization, and filling the bladder until it 
is easily palpable. When attempting to place a supra- 
pubic tube in the awake child, conscious sedation and 
infiltration of the skin and fascia with 1% lidocaine 
can be used to prevent anxiety and pain. It is helpful 
to establish the distance from the skin to the bladder 
lumen with a small needle to prevent injury to struc- 
tures posterior to the bladder. The trocar is passed 
with gentle pressure until urine is obtained and the 
catheter is passed 1-2 cm beyond the trocar. Alterna- 
tively, the percutaneous cystotomy tube and obtura- 
tor needle are passed together into the bladder until 
urine is obtained, then the catheter is advanced over 
the obturator. A recently described technique using 
the light from a flexible cystoscope to help localize the 
position of the bladder dome may allow percutaneous 
tube cystotomy in the more difficult cases.! In chil- 
dren with a history of prior reconstruction bladder 
surgery, it is often safest to use the site of a prior 
suprapubic tract that is fixed to the posterior abdom- 
inal fascia to place a suprapubic tube. The catheter is 
fixed to the skin with permanent suture. These tubes 
are designed for temporary bladder drainage, and 
long-term use has been associated with bladder wall 
thickening and contracture, UTI, bladder stones, and 
upper urinary tract dilatation.?3 


Surgically placed cystotomy 


Because of the relative ease and safety of percutaneous 
cystotomy tube placement, open suprapubic tube 
placement is rarely used except in the context of a 
more extensive reconstructive procedure, or for place- 
ment of a large-bore drainage tube following urethral 
or bladder trauma. Another indication for the open 
technique is in a patient that has had prior extensive 
pelvic procedures which may have resulted in bowel 
adhesions to the anterior dome of the bladder. 

With the patient in the supine position, the pre- 
vesical space is exposed using either a low transverse 
abdominal incision or a low vertical midline incision 


for those that may later undergo a transabdominal 
reconstructive procedure. After mobilizing the blad- 
der dome, stay sutures are placed and a small cysto- 
tomy is made. The catheter is first brought through a 
small skin incision and then through the rectus fascia 
and muscle. After the tube has been placed in the 
bladder, it is pulled to the dome of the bladder, and 
secured with a purse-string suture at the bladder. 
Bladder muscle adjacent to the tube is secured to the 
posterior fascial wall with absorbable suture, and the 
suprapubic tube is sutured to the skin. 


Ureteral stents 


Ureteral stents are frequently used for temporary 
upper tract drainage following reconstruction, 
trauma, or stone surgery in children. There are two 
general options available: either an entirely internal 
stent or an external ureteral stent with one end 
brought out through the skin or via the urethra. 
External stents have traditionally been used more fre- 
quently in children following open surgery, as they do 
not require an anesthetic for removal and do not carry 
the same risk of proximal migration found with inter- 
nal stents. Problems that can be associated with JJ 
stents in children* include: 


E obstruction 

E encrustation/stone formation 

E infection 

E proximal migration 

E stent fragmentation 

E discomfort/bladder spasms 

E requirement of anesthesia for removal of stent 
® hematuria. 


Internal JJ stents can be placed either at the time of 
open surgery, endoscopically, or by means of an ante- 
grade approach through a percutaneous nephrostomy 
tract. Endoscopic placement of internal stents is usu- 
ally done fluoroscopically over a wire in the small 
patient because of the smaller size of the working port 
of pediatric cystoscopes that will not permit passage 
of the stent under direct vision. 


Percutaneous nephrostomy 


Improvements in the expertise and availability of 
pediatric interventional radiologists has led to percu- 
taneous nephrostomy tube drainage almost com- 
pletely replacing the need for open nephrostomy tube 
placement in children. Indications for nephrostomy 
tube drainage in children include obstruction, 


renal/ureteral calculi, pyonephrosis, fungal bezoar, or 
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for a diagnostic Whitaker test. Although general anes- 
thesia will often be required in the young or uncoop- 
erative child, the procedure can frequently be 
performed with sedation only,® and has been per- 
formed with just local anesthesia in small neonates in 
the intensive care unit. The technique most com- 
monly used is the Seldinger technique. A small needle 
is placed into the renal pelvis with radiographic guid- 
ance. A small guidewire is then passed into the renal 
pelvis and the tract is dilated until a nephrostomy 
tube can be easily advanced. Several types of nephros- 
tomy tubes are commercially available, most of which 
rely on a ‘pigtail’ curl to maintain their position 
within the renal pelvis. It is critical that broad-spec- 
trum intravenous antibiotics be initiated before tube 
placement, especially in the child with obstruction 
and infection to prevent urosepsis. Complications 
directly related to the procedure are rare”® and 
include: 


E hemorrhage 

E urosepsis 

E arteriovenous fistula/pseudoaneurysms 
E urinary extravasation 

E pneumothorax 

E bowel injury 

E air embolism. 


Percutaneous nephrostomy tube placement and 
irrigation with antifungal agents comprise the first- 
line therapy for neonates with obstructing fungal 
bezoars.?-!? In addition to draining the obstruction 
and providing access for intermittent irrigation of the 
obstructed collecting system, the fungal ball can be 
fragmented with the guidewire at the time of tube 


placement, which will lead to more rapid clearance of 
the fungal debris. 


Open nephrostomy tube 


Open nephrostomy tube placement is rarely neces- 
sary, and only utilized when nephrostomy is techni- 
cally not possible, or carries an unacceptable risk. 
High-risk conditions include low platelet count, a 
solitary kidney, abnormal renal position following a 
complicated reconstruction of the renal pelvis, and 
exploration for renal trauma when significant injury 
to the ureter or pelvis has occurred. The kidney is 
exposed through a flank incision and mobilized until 
the renal pelvis is identified. Stay sutures are placed, 
and the renal pelvis is opened. A clamp is placed into 
an inferior calyx. A small nephrotomy is made and the 
Malecot catheter is advanced into the renal pelvis, as 
shown in Figure 57.1. The catheter is secured to the 
renal capsule with a purse-string chromic suture. The 
nephrostomy tube is brought out through a stab inci- 
sion in the skin and secured. A small Penrose drain is 
left in the renal fossa. Some newer catheters come 
preassembled as either simple nephrostomy catheters 
or nephrostents, often with an attached trocar that 
can be advanced in a retrograde fashion out of the 
selected calyx. 


Temporary non-intubated diversion 


Cutaneous vesicostomy 


Cutaneous vesicostomy continues to be the most 
widely used and simplest method for temporary blad- 
der drainage. Most commonly it is used for patients 


Figure 57.1 Technique for open nephrostomy. A small Randall forcep or right angle clamp is passed through an 
inferior calyx via a small pyelotomy incision. The renal capsule is incised with electrocautery and the catheter is 
advanced into the calyx. The catheter is secured to the renal capsule with absorbable suture. The pyelotomy is 
closed with either running or interrupted, absorbable suture. 
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with a neuropathic bladder or PUV, in situations 
where clean intermittent catheterization (CIC) is not 
possible. In multiple series temporary diversion with 
vesicostomy has resulted in significant improvement 
in urinary tract dilatation, stabilization of renal func- 
tion, and decrease in the frequency and severity of 
febrile UTIs.2-!3-5 The introduction of CIC in early 
infancy has limited the role of vesicostomy in some 
centers, and has provided equivalent long-term 
results.1° One concern regarding temporary cuta- 
neous vesicostomy is potential impairment in bladder 
function due to inadequate cycling of the detrusor 
during the period of diversion.!” Jayanthi et al 
reported on a large group of patients who underwent 
cutaneous vesicostomy and eventual bladder closure. 
They found no significant alteration in eventual blad- 
der capacity or function.!8 These findings were also 
supported in a series of patients with PUV managed 
with either valve ablation or urinary tract diversion, 
with no evidence of bladder dysfunction based on 
urodynamics findings in those who had diversion 
with vesicostomy.!? 

Two basic techniques have been described for cuta- 
neous vesicostomy in children. The procedure 
described by Lapides involves creation of extensive 
skin flaps to allow a tension-free anastomosis of the 
bladder to the skin, and a very wide stoma that is less 
prone to stenosis.2° This procedure was initially 
intended as a semi-permanent form of vesicostomy in 
the adult patient, where the bladder position is deeper 
in the bony pelvis. Because of the complexity of both 
creating and taking down the Lapides vesicostomy, 
there is limited application for the majority of pedi- 
atric patients. The more popular technique for vesi- 
costomy in children was described by Blocksom and 
modified by Duckett, as outlined in Figure 57.2.32 
Key technical points are adequate mobilization of the 
bladder dome for a tension-free anastomosis to the 
fascia and skin, use of the dome of the bladder to 
create the stoma, and creating an adequate caliber 
stoma (at least 22 Fr) that is flush with the skin. 322 

Common problems following vesicostomy are listed 
in Table 57.1. The majority of complications that lead 
to stomal revision are secondary either to technical 
errors of stomal placement inferior to the dome of the 
bladder, inadequate stomal diameter, or primary blad- 
der pathology that results in an extremely thick-walled 
bladder that does not allow for straightforward cre- 
ation of an adequate-caliber stoma. 

Bladder prolapse through the vesicostomy stoma is 
usually due to placement of the stoma too inferior, 
allowing the posterior bladder wall to evert through 


Table 57.1 Complications of cutaneous vesicostomy 


Complication Frequency (%) 


Stomal prolapse 9-17 
Stomal stenosis 3-12 
Peristomal dermatitis 3-14 
Stone formation 3-7 
Parastomal hernia 3-4 


From Skoog.?? 


the stoma. Acute prolapse can usually be managed 
with manual decompression and bladder drainage 
with a catheter through the vesicostomy until the 
edema subsides. On rare occasions, the prolapsed 
bladder will incarcerate due to vascular congestion. 
This requires emergency reduction under anesthesia. 
Revision of the vesicostomy by moving the stoma to 
a more superior position in the dome of the bladder 
will prevent recurrence. 

Stomal stenosis will often present with either UTI 
or hydronephrosis. Stenosis is thought to occur sec- 
ondary to excess tension on the skin anastomosis or 
too small of a fascial opening, and is more frequent in 
patients with very thick-walled bladder or patients 
with prune belly syndrome.*?? Simple revision with 
creation of a wider-caliber stoma or use of a small V- 
shaped skin flap to disrupt the circumferential stomal 
scar tissue will usually correct the problem and pre- 
vent recurrence. 


Cutaneous ureterostomy 


The indications and need for temporary and perma- 
nent urinary diversion with cutaneous ureterostomy 
or pyelostomy have been significantly reduced over 
the past several decades. Advances in percutaneous 
and endoscopic techniques and the ability to perform 
these procedures even in the smallest neonates or 
infants have contributed to the trend away from cuta- 
neous upper tract diversion. In addition, we have a 
better understanding of the pathophysiology and nat- 
ural history of the dilated ureter in childhood, which 
has led to observation with radiographic surveillance 
instead of early surgical intervention in many circum- 
stances. There are still clear indications for ureteros- 
tomy to decompress massively dilated upper tracts, 
for example in the neonate or infant who is not a can- 
didate for reconstruction because of size or acute 
UTI, or when there is a question of recoverable func- 
tion in the involved kidney. In this latter instance, an 
interval of diversion may help one to decide between 
reconstruction and nephrectomy. 
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Rectus fascia 


Proposed excision 
line around urachus 


Flaps of fascia 


Figure 57.2 Technical points for Blocksom vesicostomy. (a and b) A small transverse skin incision is made midway 
between the pubis and umbilicus. (c) The rectus fascia is opened vertically and horizontally and the muscle is 
retracted laterally. (d) Stay sutures are placed in the bladder and the peritoneum is bluntly mobilized superiorly, 
exposing the bladder dome. (e) The urachus is identified and divided. The urachal segment is mobilized until it 
reaches the skin without tension. (f) The urachus is excised, ensuring an adequate caliber opening into the bladder 
(22-24 Fr). (g) The detrusor is circumferentially secured to the rectus fascia. (A) The lateral edges of the fascia are 
closed, allowing easy passage of a 22-24 Fr sound. (/) The bladder mucosa and detrusor are secured to the skin, 
and the lateral skin edges are closed in layers. 
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Controversy still exists with respect to the benefit of 
more proximal diversion in patients with PUV who 
have persistent severe hydronephrosis and azotemia 
despite ablation of the valve or diversion with vesicos- 
tomy. Earlier studies suggested that proximal ureteral 
diversion would result in relief of functional 
obstruction at the ureterovesical junction and improve 
eventual glomerular filtration rate and somatic growth 
potential.*45 More recent studies have challenged this 
concept, demonstrating no difference in eventual renal 
outcome in children who were managed with primary 
valve ablation compared with patients who underwent 
upper tract diversion.?°?” Those who oppose routine 
proximal diversion think that the improved renal 
function following diversion is attributable to normal 
transitional nephrology that occurs with or without 
diversion.?”8 In a study of 26 patients managed with 
bilateral high diversion for PUV, Tietjen et al reported 
renal dysplasia on biopsy in 85% and true uretero- 
vesical junction obstruction based on Whitaker tests in 
only 4%.?8 

The benefits of upper tract diversion include the 
ability to perform renal biopsy for determining renal 
prognosis, the ability to accurately monitor the func- 
tion of each kidney individually, and allowing a 
period of observation time to decide on eventual 
reconstruction. Potential problems of ureterostomy 
relate to the need for a more complex reconstructive 
procedure at a later date, the potential for impaired 
ureteral vascularity, and difficulty in covering the 
stoma with an appliance as the child grows. 

The techniques for proximal diversion have not 
changed significantly for several decades. There is still 
debate over the preferred technique:? i.e. whether a 
pyelostomy, loop, or Y-ureterostomy should be uti- 
lized. The Y-ureterostomy as described, by Sober, 
allows for urine flow to the bladder, preserving some 
degree of bladder cycling.?® This avoids the potential 
later problem of carrying out a complex lower tract 
reconstructive procedure into a small, defunctionalized 
bladder. Regardless of the technique used, adhering to 
three basic operative principles is critical for a successful 
outcome: (1) during mobilization the ureter should 
only be manipulated with fine stay sutures and not 
grasped with forceps; (2) ureteral mobilization should 
be minimized to preserve maximal blood supply, yet be 
adequate to allow a tension-free skin anastomosis; and 
(3) kinking of the ureter or compression by the abdom- 
inal wall at the stomal site must be avoided. 

Techniques for high ureterostomy are illustrated in 
Figure 57.3. All of these procedures can be accom- 
plished through a subcostal or flank incision, which 


allows mobilization of the ureter proximally to the renal 
pelvis and creation of a tension-free anastomosis to the 
skin. Loop ureterostomy is preferred by some surgeons 
because of the simplicity of the procedure. Closure of 
the ureterostomy and lower urinary reconstruction are 
often staged but can be performed simultaneously if 
there is careful attention to the periureteral vasculature. 

Distal, end ureterostomy is useful in children with 
massively dilated ureters secondary to distal obstruc- 
tion that for any reason are not candidates for imme- 
diate reconstruction. The benefits of temporary 
diversion include stabilization or recovery of renal 
function, and decompression of the ureter which may 
allow the ureteral diameter to decrease sufficiently 
that tapering of the ureter is not required at eventual 
reimplantation. The surgical approach is usually 
through a low transverse muscle-splitting incision 
that allows access to the retroperitoneum. The ureter 
is carefully mobilized to the level of the bladder hiatus 
and transected, taking care to preserve the periadven- 
titial and retroperitoneal blood supply. The ureteral 
stoma can be brought out either in the lateral margin 
of the incision or in the midline. A V-shaped skin flap 
can be used to prevent stomal stenosis, but this occurs 
infrequently with a dilated ureter.?! 


Cutaneous pyelostomy 


Cutaneous pyelostomy is an excellent option for 
upper tract diversion but is only useful in patients 
with a dilated extrarenal pelvis that can reach the skin 
without tension. The advantages of this procedure are 
the minimal disturbance of ureteral blood supply 
during both formation and closure of the stoma, as 
well as direct urine drainage from the kidney, avoid- 
ing the potential stasis in the dilated distal ureter. The 
surgical approach is through a flank incision or a 
dorsal lumbotomy.*> The renal pelvis is mobilized 
and exteriorized superior to the ureteropelvic junction 
through the skin incision, taking care to avoid angu- 
lation (Figure 57.4). 


Conduit urinary diversion 


With the advances made in bladder reconstruction for 
urinary continence, the indications for permanent, 
non-continent urinary diversion in children have sig- 
nificantly decreased. Initial enthusiasm for conduit 
diversion several decades ago has been tempered by 
long-term follow-up that has demonstrated significant 
problems with renal deterioration, especially in 
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Figure 57.3 Various options for high cutaneous ureterostomy: (7) loop ureterostomy; (2) Sober ureterostomy; and 
(3) ring ureterostomy. Care is taken with each technique to preserve the medial blood supply and create a tension- 


free skin anastomosis. 


children with a long life expectancy.*?-9” Despite the 
associated risks to the kidney, conduit diversion still 
remains the best option for a small group of children. 
Patients with limited ability to care for themselves due 
to physical or mental disability and children with 
malignancies who have undergone extensive 
pelvic/abdominal radiation or who have limited life 


expectancy may be candidates for non-continent 
urinary diversion. As opposed to recommendations in 
the adult population,?**? renal failure in children is 
not an absolute indication for conduit diversion, as 
most children will be candidates for renal transplanta- 
tion and will have a better eventual outcome with 
primary bladder reconstruction.404! 
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Figure 57.4 Cutaneous pyelostomy. (a) The renal 
pelvis is approached through a subcostal, posterior 
flank or dorsal lumbotomy incision. The kidney and 
dilated renal pelvis are mobilized until the renal pelvis 
can reach the skin without tension. (6) The renal pelvis 
is opened widely and secured to the skin with inter- 
rupted, absorbable sutures. 


Any segment of small or large intestine can be used 
to create a urinary conduit; however, ileum and colon 
are most frequently selected. Some surgeons prefer 
using colon conduits in children because of the lower 
risk of late renal deterioration associated with the 
non-refluxing ureterocolonic anastomosis.##-6 

The ability to incorporate the colon segment into a 
continent reservoir at a later date without the need to 
revise the ureteral anastomosis is also advantageous.*? 
Jejunal conduits carry an unacceptably high risk of 
severe metabolic problems and are not recommended. 
The primary electrolyte problem with incorporating 
jejunum into the urinary tract is hypochloremic, 
hyponatremic, and hyperkalemic metabolic acidosis.‘ 

The important technical aspects of creating a con- 
duit are similar whether using ileum or colon. This 
starts with an appropriate mechanical and antibiotic 
bowel preparation, which may need to be altered 
based on specific patient needs in the pediatric popu- 
lation. For example, the child with myelomeningocele 
frequently has significant chronic constipation, and 
will require initiation of the mechanical bowel prepa- 


ration 3—4 days earlier than patients with normal 
bowel motility. The standard pediatric bowel prepa- 
ration involves admission to the hospital on the day 
before surgery for intravenous antibiotics to sterilize 
the urinary tract and whole gut lavage with a poly- 
ethylene glycol solution (GoLYTELY) via nasogastric 
tube until stools are clear. Another key aspect of the 
preoperative preparation is identifying an appropriate 
location for the stoma, which is most effectively done 
with the input of an enterostomal therapist with the 
child awake before surgery. Several locations should 
be identified that allow optimal fitting of the appli- 
ance with the patient in the sitting, standing, or 
supine position. This is most critical for the wheel- 
chair-bound patient who may have significant abdom- 
inal girth. 

Although the incidence of postoperative complica- 
tions may differ slightly for colon or ileal conduits, 
the types of associated problems are very similar and 
can be divided into early or late complications (Table 
57.2). Both ureteroenteric and stomal complications 
are generally related to surgical technique, represent- 
ing the most common problems leading to reopera- 
tion. The general principles of minimal handling of 
the ureter, maintaining maximal adventitial blood 
supply, minimizing mobilization, preventing angula- 
tion of the ureter, and securing a mucosa-to-mucosa 
watertight anastomosis with fine absorbable sutures 
will decrease the potential for postoperative prob- 
lems. The use of ureteral stents has been shown to sig- 
nificantly decrease anastomotic leaks.4* Suspected 
ureteral leaks should be promptly investigated and, if 
present, treated by a percutaneous nephrostomy tube 
drainage and antegrade stent placement. Continuous 


Table 57.2 Complications of ileal and colon conduits 
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drainage of the conduit with a Foley catheter after 
surgery may also help to minimize extravasation. 
Ureteral strictures can be seen early after surgery, 
or may take several years to form, reinforcing the 
need for long-term periodic radiographic surveillance. 
Treatment of strictures at the ureteroenteric anasto- 
mosis can be initially attempted with endourologic 
techniques. Regardless of the technique used (balloon 
dilatation alone vs incision and dilatation), approxi- 
mately 50% will eventually require open revision.44* 
Stomal problems may vary from a minor nuisance 
(bleeding, dermatitis) to more life-threatening com- 
plications such as stomal obstruction with UTI: 


E bleeding 

E bowel necrosis 

E dermatitis 

E parastomal hernia 

E stomal prolapse 

E stomal stenosis 

E stomal retraction 

E loop obstruction (early/late). 


Problems with local skin irritation can be mini- 
mized by creating an everted nipple or loop stoma, so 
that the appliance can be fit snuggly to the adjacent 
skin. Stomal stenosis and parastomal hernia are the 
most common problems with conduit diversion that 
require surgical revision. The risk of these complica- 
tions can be minimized by bringing the bowel 
through an adequately sized fascial defect without 
angulation, securing the conduit to the fascia in four 
quadrants, and creating a nipple stoma.*¢ It was ini- 
tially thought that colon conduits had a lower inci- 
dence of stomal stenosis than ileal conduits, but this 
has not been supported in more contemporary 
series.*7 

Tumor within the bowel segment has been 
reported in both ileal and colon conduits.*® Although 
the risk for malignancy is unknown, it should be sig- 
nificantly lower than for ureterosigmoidostomy, 
where urine and stool are mixed. 


Technique for ileal conduit 


The abdomen is opened through a midline incision 
and the ureters are identified and mobilized at the 
level of the iliac bifurcation. The left ureter is brought 
across the midline in a retroperitoneal tunnel, taking 
care to avoid angulation. A 10-15 cm segment of 
ileum is selected that has an adequate vascular arcade, 
and the mesentery to this segment is isolated. The 
mesentery of the distal end of the segment is mobi- 


lized off the bowel to allow this end to be brought up 
to the skin as the stoma. The last 15 cm of distal ileum 
should be avoided, as this segment of ileum is impor- 
tant for iron and vitamin B,, absorption. The bowel 
segment is harvested and bowel continuity is restored 


(a) 


Ureter 


Figure 57.5 (a) The Bricker technique for ureteroin- 
testinal anastomosis. The ureter is spatulated, and fol- 
lowing excision of a small ellipse of intestine, the 
anastomosis is secured with fine interrupted 
absorbable sutures. The external stent is placed across 
the anastomosis and brought out through the stoma. 
Both ureters are secured using an end-to-side anasto- 
mosis. (b) The Wallace procedure for ureteroileal anas- 
tomosis. The ureters are spatulated and joined at their 
medial borders using running or interrupted 
absorbable sutures. (c) The lateral edges of both 
ureters are then secured to the conduit in an end-to- 
end anastomosis. 


920 Clinical pediatric urology 


Figure 57.6 An everted stomal nipple is optimal for 
creating a snuggly fitting appliance. This is created by 
placing sutures between the skin/subcutaneous tissue, 
lateral bowel serosa, and distal edge of the stoma. 


using either a side-to-side stapled or end-to-end hand- 
sewn anastomosis. The mesenteric defect is closed 
with permanent suture. The proximal end of the con- 
duit is closed in two layers (after removing the staples 
if a stapling device was used to harvest the segment), 
and secured to the sacral promontory. Ureteroileal 
anastomoses are carried out using either the Bricker*? 
or Wallace? technique (Figure 57.5) and the proxi- 
mal end of the loop is brought out at the predeter- 
mined site for the stoma, and an everting nipple or 
loop stoma is created (Figure 57.6). 


Technique for colon conduit 


The colon conduit is constructed in a similar fashion 
to the ileal conduit with the exception of the ureteral 
anastomosis, which is usually created in a non-reflux- 
ing manner using the tenia (Leadbetter technique) 
(Figure 57.7). Alternatively, a submucosal tunnel 
may be created (Goodwin technique).*? Injecting 
saline or dilute epinephrine under the mucosa will 
minimize bleeding and aid in the dissection. Because 
of the added risk of ureteral obstruction within the 
submucosal tunnel, stenting the ureteral anastomosis 
is recommended. 

Most commonly a sigmoid segment will be used to 
create the conduit (Figure 57.8), but in children with 
a history of pelvic radiation or inadequate ureteral 
length the transverse colon should be used. 


lleocecal conduit 


By using the non-refluxing properties of the ileocecal 
valve, the ileocecal conduit provides an alternative to 
the tunneled ureteral reimplantation used to achieve a 


Figure 57.7 The non-refluxing ureterocolonic anasto- 
mosis described by Leadbetter. A submucosal tunnel 
is created by incising the tenia to create a submucosal 
trough, the ureter is anastomosed to the colonic 
mucosa, and the muscularis loosely closed over the 
ureter with absorbable suture. 


non-refluxing ureteral anastomosis with other colon 
conduits. The ileocecal conduit can later be incorpo- 
rated into a ureterosigmoidostomy with reduced risk 
of cancer, as the ileocecal valve will prevent the direct 
contact of feces and urine at the site of the ureteral 
anastomosis. The greatest concern in using this seg- 
ment for urinary diversion is the theoretical risk of 
diarrhea and fecal incontinence in the myelomeningo- 
cele patient who may depend on the intact ileocecal 
valve to prevent rapid transit of liquid stool into the 
colon. The technique involves isolating a portion of 
the right colon and distal ileum (Figure 57.9). The 
ileocecal valve is reinforced with permanent plication 
sutures that intussuscept the valve into the cecum.*! 
The ureters are reimplanted into the proximal portion 
of the ileum using either the Bricker or Wallace tech- 
nique. 


Continent urinary diversion 


Defining the various types of urinary receptacles can 
be confusing, particularly when applied to the pedi- 
atric patient. A true CUR implies that a reservoir to 
store urine has been constructed from the gastroin- 
testinal tract and is emptied by CIC, through an 
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Figure 57.8 Surgical technique for creation of a sigmoid colon conduit. (a) A segment of colon is isolated, main- 
taining a wide mesenteric pedicle. (b) The ureters are mobilized through posterior incisions in the peritoneum and 
transected. The right ureter is brought across the midline in a retroperitoneal tunnel. (c) The tenia is incised to create 
a tunnel. (7) The ureters are anastomosed, as illustrated in Figure 57.5. 


intestinal channel, usually to the abdominal wall. The 
native bladder or urethra is not used. 

A neobladder is constructed from gastrointestinal 
segments attached directly to the native urethra, 
allowing the patient to spontaneously void. Neoblad- 
ders are now commonplace in adults who require cys- 
tectomy for cancer, but are rarely used in the pediatric 
population. In children, the native bladder is often 
augmented with a gastrointestinal segment that is 
emptied by CIC through a catheterizable abdominal 
wall channel. Furthermore, simultaneous bladder 
neck reconstruction often prevents use of the native 
urethra. This, in effect is a CUR, but does not fit the 
classic definition. For the purposes of this chapter, we 
will not consider neobladders or use of the native 
bladder or urethra in the discussion of CURs. 

Continent urinary diversion is not new; in fact, uri- 
nary diversion with a continence mechanism was first 
introduced in 1852 by Simon, who performed ureter- 


sigmoidostomy on a 13-year-old boy with bladder 
exstrophy.5? Whereas several other efforts at continent 
diversion were attempted, no significant advances 
were made until nearly 100 years later when Gilcrest 
and Merricks created the first modern-day reservoir by 
making a cecal bladder with continence based on the 
ileocecal valve, with the ileal ‘urethra’ brought to the 
abdominal wall.53 Gilcrest et al reported good success 
with this, but others had difficulty in duplicating their 
results, and intermittent catheterization was not well 
accepted at the time.5455 Gilcrest continued to use this 
method and was able to achieve continence in 37 of 40 
patients.°°57 Bricker tried a similar reservoir at the 
time but could not achieve continence and therefore 
abandoned these efforts and popularized his well- 
known ileal conduit, which became widely accepted as 
the diversion of choice.” 

A number of factors occurred in the 1970s to allow 
the explosion of reconstructive techniques we know 
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(a) Right colic artery 
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today, the most important being Lapides’ introduc- 
tion of CIC.°8 With acceptance of CIC, volitional 
voiding was no longer required and therefore the 
reconstruction only needed to recapitulate the storage 
function of the bladder. In addition, accurate urody- 
namic evaluation in children®? and reliable pediatric 
anesthesia, allowing long reconstructive cases to be 
safely performed, ushered in the era of continent 
reconstruction. Furthermore, Hendren’s demonstra- 
tion that the previously diverted urinary tract could be 
refunctionalized (undiversion) also spurred the 
decline of incontinent diversion in children. 

The first popular urinary reservoir was Kock’s con- 
tinent urinary ileal reservoir, which he adapted from 
his continent ileostomy.® This is now known as the 
Kock pouch and was refined and popularized by Skin- 
ner’s team.63-65 Over the past 25 years there have 
been more than 40 variations of CURs described. 
Gastrointestinal CURs have been used in the adult 
population primarily as a means of diversion follow- 
ing cystectomy. In these adult patients, the urinary 
and gastrointestinal tracts are usually anatomically 
and neurologically normal, allowing the surgeon to 
use one of the many ‘named’ procedures such as the 
Kock pouch, Indiana pouch, or Mainz pouch. The 
majority of children undergoing true CURs, such as 


Yow 

Figure 57.9 The non-refluxing ileocecal conduit as described by Zinman and Libertino. (a) The ileocecal segment is 
harvested based on the ileocolic artery. (b) The ileocecal valve is intussuscepted into the cecum with permanent 
sutures. (c) The terminal ileum is plicated into the cecum, also with permanent sutures. The ureters are anastomosed 
to the proximal ileal segment using either the Bricker or the Wallace technique. 


those with classic exstrophy or myelomeningocele, 
have significant anatomic and/or neurologic abnor- 
malities. Some have a combination of both abnormal- 
ities, such as the cloacal exstrophy patient, who also 
might have short-gut syndrome.® In these situations, 
creation of a standard named CUR may not be possi- 
ble. These anatomic and neurologic abnormalities do 
not prevent continent urinary diversion in children, 
but they require the surgeon to have a fertile imagi- 
nation and depth of knowledge of all options avail- 
able, as well as a good understanding of the concepts 
necessary to provide a reliable reservoir. 


Patient selection and preoperative 
evaluation 


It is our belief that the urinary tract should remain 
intact whenever possible. In this regard, all efforts 
should be made to exhaust medical management prior 
to electing surgical options. Reconstruction is gener- 
ally performed for one of two reasons: to protect the 
upper urinary tract or to achieve urinary continence. 
In the majority of children with lower urinary dys- 
function these two goals can be achieved with CIC 
and/or pharmacologic management. In our experi- 
ence with the neuropathic population, approximately 


Urinary diversion 923 


70% can be managed non-surgically. If this fails, then 
we would not hesitate to reconstruct the lower uri- 
nary tract, but this again usually involves reconstruct- 
ing the native bladder by intestinocystoplasty and 
bladder neck reconstruction rather than CUR. For 
any reconstruction, the child must have adequate 
upper extremity function to catheterize reliably and 
the mental capacity to do so. The patient and/or 
family must be motivated and reliable. Both must 
understand that a lifelong commitment to CIC is 
required and failure to catheterize reliably may result 
in urinary infection, stone formation, reservoir perfo- 
ration, or renal deterioration, even in the face of a 
technically perfect operation. 

Preoperatively, the overall renal function should be 
determined by measuring serum creatinine and elec- 
trolytes. Benson and Olsson suggest that no patient 
should undergo reservoir creation if creatinine clear- 
ance is <60 ml/min.°” With the incorporation of 
ileum or colon into the urinary tract, chloride and 
ammonium are absorbed and sodium and bicarbonate 
are excreted (Figure 57.10). This was first noticed by 
Ferris and Odel in patients with ureterosigmoidos- 
tomy.® Children with normal renal function gener- 
ally tolerate this well, but in those with renal 
insufficiency, a severe metabolic acidosis may 
occur.©8-79 Mitchell and Piser noted that the chloride 
level increased and bicarbonate level decreased in 
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Figure 57.10 Ileal and colonic mucosa absorb ammo- 
nium, hydrogen, and chloride, while secreting sodium 
and bicarbonate. 


every patient following intestinocystoplasty at their 
institution.”! Rink et al later reviewed 231 patients 
and found 16% to have a serum chloride level above 
the normal range.”? Those patients with severe eleva- 
tions all had colonic segments in their urinary tract. 
Others have reported similar findings following 
CURs.”*-’7 These changes would be expected to be 
more severe in CURs where the entire storage surface 
area is enteric, rather than with augmentation of the 
native bladder. Nurse and Mundy demonstrated that, 
following intestinocystoplasty, the blood gas values 
may be abnormal even with normal serum chloride 
levels.”8 There has been concern regarding poor linear 
growth from use of bony buffers in response to the 
chronic acidosis.”8-82 Others have found no signifi- 
cant difference in growth or bone density.8%84 
Regardless, both groups would agree that if acidosis 
exists following CUR, bicarbonate therapy should be 
started. Some would do this even in those patients 
able to maintain normal acid-base balance, but this is 
controversial. 

Many children undergoing creation of a CUR have 
renal tubular dysfunction from primary urinary 
obstruction, resulting in a severe urine concentrating 
defect. The end result may be the excretion of very 
large volumes of urine. Therefore, a 24-hour urine for 
volume should always be checked preoperatively. The 
reservoir must be made large enough to handle the 
patient’s urine output adequately at low pressures to 
allow emptying no more frequently than every 4 
hours. A technically perfectly performed CUR would 
give poor results if it required every 2-hour catheteri- 
zation plus awakening at night to catheterize. Graphs 
and guidelines have been developed to predict the 
length of a bowel segment needed to achieve a certain 
volume.®> However, these graphs may prove cumber- 
some and are not routinely used.8° Even if renal and 
bowel function are normal, it is better to err on 
making the reservoir too large than too small. 

Liver function testing should also be carried out as 
suggested by McDougal.*? Hyperammonemia can 
occur in patients with large or small intestine incor- 
porated into the urinary tract when hepatic dysfunc- 
tion is present, as these segments absorb ammonium. 

In all children, the urinary tract must be imaged 
preoperatively. Radionuclide scanning best assesses 
renal function. Although rarely used today in pedi- 
atric urologic practice, an intravenous pyelogram will 
visualize the ureteral anatomy as well as provide some 
information regarding peristaltic activity. Reimplant- 
ing an aperistaltic, scarred ureter can be fraught with 
complications such as obstruction.8”88 Even though 
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the native bladder is not used, a voiding cys- 
tourethrogram (VCUG) is helpful to define reflux, as 
these ureters are more likely to be scarred. If the 
patient has had previous urinary diversion, then a ret- 
rograde contrast study of the conduit (loop-o-gram) 
should be done to define anatomy. 

Stomal location should also be determined before 
the operative procedure. Whereas this is less impor- 
tant for continent diversion than conduit diversion, it 
is still important to be certain the child will be able to 
pass the catheter easily. Skin folds and areas of 
abdominal wall scarring should be avoided. It is best 
if the patient can visualize the stoma. The stoma may 
be placed in an orthotopic location to allow catheter- 
ization of a normal urethral meatus, but in most 
patients this is not warranted. In a study by Horowitz 
et al, patients who had the opportunity to catheterize 
either their native urethra or an abdominal wall stoma 
overwhelmingly preferred the latter.°? 

Finally, latex allergy precautions must be observed 
in all patients with spinal dysraphism. 


Principles of continent urinary diversion 


The ideal reservoir (1) preserves the function of the 
upper urinary tract, (2) avoids reservoir—ureteral 
reflux and ureteral obstruction, (3) avoids urinary 
infection, and (4) has a reliable continence mecha- 
nism. As noted previously, spontaneous voiding by a 
voluntarily controlled native sphincter mechanism is 
essentially never achieved except following ureterosig- 
moidostomy or cystectomy in the neurologically 
intact patient. All other types of reservoirs require 
CIC. However, the remaining goals can be achieved 
by following the three principles of CURs: (1) cre- 
ation of a high-capacity, low-pressure reservoir; (2) 
creation of a reliable antireflux mechanism; and (3) 
creation of a reliable continence mechanism that 
allows easy catheterization. 


Creation of a compliant reservoir 


The creation of the actual reservoir of the CUR 
requires knowledge of the underlying diagnosis and 
the patient’s anatomy. It is important to know the 
pros and cons of the gastrointestinal segments that are 
available and the length and configuration of the 
bowel segment chosen. The surgeon must determine 
the type of antireflux and continence mechanism for 
the reservoir. Often, in children undergoing a CUR, 
the surgeon encounters what is similar to a puzzle. 
The urinary tract must be taken apart and then recon- 
stituted in such a way that all principles are achieved. 


When the bowel is maintained in its native tubular 
shape and used as a reservoir, very high reservoir pres- 
sures may be generated by the intestinal contractile 
activity. Fowler noted that intact cecum used as a 
reservoir may generate pressures of 60-90 cmH,O at 
high volumes.”? Peristaltic waves generating pressures 
as high as 75-100 cmH,O have been found in the 
tubular ileal Camey procedure.?! Kock, in his early 
work, found that both large and small bowel could 
generate pressures as high as 100 cmH,O when used 
in a closed loop.?” Light and Engelman demonstrated 
a Mean maximum pressure of 90 cmH,,O in ileocecal 
and intact cecal segments used for augmentation.” 
They felt that the entire large bowel was capable of 
creating significant intraluminal pressures.?* These 
high pressures can result in urinary leakage and upper 
urinary tract deterioration, and may even contribute 
to perforation.” In a landmark paper, McGuire et al 
reported a striking difference between myelodysplas- 
tic patients who leaked per urethra at <40 cmH,O 
and those with pressures >40 cmH,O.?° No patient 
in the former group had reflux or ureteral dilatation, 
whereas 68% had reflux and 81% dilatation in the 
latter. It is now well accepted that intravesical 
(intrareservoir) pressures must be 
<40 cmH,O. 

More recent data with laboratory research suggest 
that intravesical pressures far less than 40 cmH,O 
may have a deleterious effect on the bladder.°%8 
Regardless of the gastrointestinal segment used, there 
are tremendous advantages to be gained by detubu- 
larizing the segment and reconfiguring it into a sphere 
(Figure 57.11).9%1 Detubularization will dampen 
the contractile activity of the segment. Changing the 
segment from a cylinder to a sphere has the advan- 
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Figure 57.11 The effect of reconfiguring a cylinder to a 
sphere. The volume doubles. (From Hinman.?9) 


Urinary diversion 925 


tages of increasing the capacity from the same amount 
of tissue. Furthermore, from Laplace’s law (t = P/r), 
the larger the radius (r), the greater the wall tension 
(t), resulting in enlargement over time. Compliance 
also increases by reconfiguring and detubularizing the 
bowel segment. The surgeon must understand that 
contractile activity is not totally abolished by detubu- 
larization. In fact, Lytton and Green found contrac- 
tions up to 60-110 cmH,O in patients reconstructed 
with detubularized right colon.!?! Although the pres- 
sures diminished with time, Sidi et al noted average 
peak pressures of 41 cmH,O following cup-patch sig- 
moid cystoplasties. 10? In evaluating the cystometric 
properties of ileum and right colon, mean maximal 
contractile pressures were 63 cmH,O for tubular 
right colon and 42cmH,O for detubularized 
colon.!®3 Even more impressive was the effect noted 
by detubularizing ileum, when the mean maximal 
pressures were 8l cmH,O in the tubularized vs 
28 cmH,O in the detubularized ileal reservoir. Clini- 
cally significant contractions (>40 cmH,O at vol- 
umes <200 ml) were observed in only 10% of the 
right colon and none of the ileal segments. Ileal seg- 
ments were thought to be urodynamically superior, 
but only at large volumes. Cecal reservoirs were 
thought to have higher pressures than ileal reservoirs 
at corresponding volumes and 10 times greater motor 
activity.!0# This has very important clinical signifi- 
cance. The reservoir must be made large enough to 


allow catheterization at 4-hour intervals at low 
intrareservoir pressures, taking into account the 
volume of urine made by the patient. If upper tract 
deterioration or urinary leakage occurs, urodynamics 
must be repeated to determine whether significant 
contractile activity persists. In the author’s augmenta- 
tion cystoplasty population another segment of bowel 
had to be added in 19 of 323 patients owing to per- 
sistent contractile activity of the initial bowel seg- 
ment.!° Twelve of 87 undergoing colocystoplasty 
(13.8%), four of 30 undergoing gastrocystoplasty 
(13.3%), and only two of 145 ileo-cystoplasties 
(1.4%) required a secondary augmentation bowel 
segment. 15 The authors agree with Goldwasser and 
Webster that ileum is the least contractile intestinal 
segment, with cecum intermediate and sigmoid and 
stomach being the most contractile. 103-105 


Choice of bowel segment 


Although some of the metabolic and contractile prop- 
erties of the gastrointestinal tract have been discussed 
above, there remain several advantages and disadvan- 
tages of each segment (Table 57.3). Several studies 
have reported on experience with the various gas- 
trointestinal segments used in reconstructing the 
lower urinary tract.4?-8¢.94,106 The majority of data in 
children come from augmentation cystoplasty rather 
than complete reservoir construction. 


Table 57.3 Advantages and disadvantages of each segment 


Segment Advantages Disadvantages 
lleum Most compliant Diarrhea 
Less mucus Vitamin B,, deficiency 
Short mesentery 
Hyperchloremic acidosis 
Poor muscle backing 
Sigmoid Readily mobilized Unit contractions 
Easily implanted Lower compliance 
Good muscle backing Mucus 
Hyperchloremic acidosis 
Perforation risk 
lleocecal Valve as antireflux/continence mechanism Diarrhea 
Good capacity reservoir Not always available 
Constant blood supply Contractile 
Stomach Short gut/radiation Hypochloremic alkalosis 


Chloride pump 
Minimal mucus 

Few infections 

Ease of implantation 
Good muscle backing 


Rhythmic contractions 
Hematuria/dysuria 
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Ileum, as noted previously, when reconfigured will 
provide the most compliant, least contractile segment. 
Mucus production, while greater than stomach, is less 
than with sigmoid or cecum and tends to decrease 
with time.!07 Hyperchloremic acidosis occurs with 
small and large bowel but seems to be less significant 
with ileum. Except in instances of short gut syn- 
drome, as in cloacal exstrophy, there is generally an 
abundance of ileum available for reservoir construc- 
tion and for the creation of catheterizable channels. If 
short ureters are present, a ‘tail of ileum extending 
from the pouch can be used to bridge the gap. How- 
ever, at times the mesentery is short, making an anas- 
tomosis to an orthotopic catheterization site difficult. 

The ileum is responsible for vitamin B,, absorp- 
tion, which occurs in the terminal portion. If possible, 
the distal 15 cm of ileum should be preserved. Resec- 
tion of long segments of ileum have resulted in vita- 
min B,, deficiency but may take several years to 
clinically manifest, as a megaloblastic anemia and neu- 
ropathy, as vitamin B,, stores may last for 
years. 47,108,109 Akerlund et al noted this problem in 
patients following Kock pouch construction.!!° 
However, Canning et al did not find any patients with 
a vitamin B,, deficiency among 26 patients evaluated 
following bladder augmentation using ileum, but this 
group was followed for only 3 years.!!! Resection of 
large segments of ileum has also been found to result 
in diarrhea and to increase the risk of chole- 
lithiasis.!99-112 Roth et al reported the occurrence of 
chronic diarrhea in 11% of patients who had a CUR 
constructed from ileum.!!% Baker and Gearhart noted 
that if >100 cm of ileum is resected, steatorrhea and 
cholethiasis can develop.!!4 

The cecum and ileocecal segments have been the 
most widely used tissues for CUR construction. The 
ileocecal segment has a constant, reliable blood supply 
that allows easy mobilization and placement of the 
pouch in the pelvic inlet, when necessary. The large 
cecal size makes for an excellent reservoir and the ileo- 
cecal valve can be used as either a continence or an 
antireflux mechanism. The appendix is also available 
for use as a continence mechanism. This segment is 
used in several of the most popular reservoirs, i.e. the 
Indiana pouch, Florida pouch, Mainz pouch, and 
Penn pouch. 

The ileocecal segment has been less frequently used 
in children as the majority undergoing CURs have a 
neuropathic component. In this group of patients, the 
ileocecal valve seems to be important in maintaining 
fecal continence. Removal of the ileocecal valve has 
reportedly led to diarrhea in 10% of children.!!5 Gon- 


zalez and Cabral reported that a patient required 
replacement of the ileocecal valve to reverse or correct 
intractable diarrhea.!!© Roth et al noted that 23% of 
patients having an ileocecal reservoir had chronic 
113 Furthermore, in cloacal exstrophy 
patients the colonic segment may have been absent or 
discarded at the time of previous surgery and thus not 
available for use. Cecal incorporation into the urinary 
tract may lead to hyperchloremic metabolic acidosis 
as well as significant mucus production. 

The sigmoid colon has been extensively used in 
lower urinary reconstruction in children. It is often 
quite enlarged and redundant in the spinal dys- 
raphism population, allowing it to reach easily any 
portion of the abdomen or pelvis. Its mucosa can be 
easily dissected to provide submucosal tunnels for 
antireflux or continence mechanisms. Whereas it 
seemingly has a number of advantages, it has the dis- 
advantages of significant contractile activity in spite of 
detubularization and reconfiguration.!% It also has 
the greatest mucus production!” and highest rates of 
bacteriuria,!!7 and is most likely to result in significant 
hyperchloremic metabolic acidosis. In the authors’ 
hands, when used to augment the bladder it has 
resulted in the highest spontaneous bladder perfora- 
tion rate.?t However, this latter problem was not 
found in other series.!18-1!9 This difference may be in 


diarrhea. 


the means of reconfiguration. The authors no longer 
simply close the two ends of the segment and open 
the antimesenteric border,!2° but rather recommend 
complete reconfiguration of the sigmoid. If reconfig- 
ured appropriately, sigmoid apparently has no higher 
rate of perforation or other complications than any 
other segment. 

The use of the stomach in lower urinary recon- 
struction in children was popularized with the initial 
report by Adams et al.!2! It was rapidly incorporated 
into the surgeon’s armamentarium because of a 
number of demonstrable advantages. Stomach has 
excellent muscle backing and submucosal tunnels can 
be created in a manner similar to native bladder to 
allow ureteral reimplantation or tunneled continence 
mechanisms.!22 The stomach was also thought to be 
an ideal tissue for those who had undergone pelvic 
radiation, as it is generally outside the irradiated field. 
Bladder calculi, which have been a significant problem 
with the use of intestinal segments, have nearly been 
non-existent with the use of the stomach.!23-125 
Kaefer et al found that only two of 70 patients devel- 
oped stones with the use of stomach compared with 
30 of 137 with stones following the use of other 
enteric segments. Perhaps most importantly, the 
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stomach differs metabolically from the other intestinal 
segments.!76 Gastric mucosa secretes chloride, which 
may be beneficial in those with azotemia.!°127 
Serum chloride has been noted to decrease and bicar- 
bonate increase following the use of stomach in the 
urinary tract. 121-128 This net chloride excretion has led 
to a decrease in bacteriuria,”%106 and, along with less 
mucus production, probably plays a significant role in 
the lower incidence of stone formation. 
Unfortunately, the popularity of the stomach has 
diminished somewhat as two unique problems have 
been noted: profound hypochloremic metabolic alka- 
losis (in five of 37 patients) and the hematuria- 
dysuria syndrome (HDS) found in approximately 
one-third of patients following — gastrocysto- 
plasty. 106-129-134 The dysuria may be more debilitating 
in those with sensation and is worse in those with olig- 


135 Tf a reservoir is to be constructed from stom- 


uria. 
ach, the continence mechanism must be 100% 
reliable, as severe skin excoriation may occur with uri- 
nary leakage.87-133.134 Stomach should be avoided if a 
period of anuria is anticipated, as the urine is necessary 
to buffer the gastric acid production, thus preventing 
irritation and perforation.!?? Pharmacologic therapy 
with H, blockers and hydrogen ion pump blockers 
may be helpful in reducing acid production, 136-138 

Another disadvantage of stomach is its contractile 
activity. Rhythmic contractions are reported in all 
large series, occurring in up to 62% of 
patients. !?2,131139 This is partly due to the small 
wedge segment of stomach actually used. Larger, 
more rhomboid segments, have improved the urody- 
namics but contractility can remain a problem, neces- 
sitating a secondary augmentation. 105-140 

No gastrointestinal segment will make the perfect 
bladder. Each segment has its own advantages and 
disadvantages, which must be weighed prior to CUR 
construction in relation to each patient. As noted pre- 
viously, the anatomy and innervation are frequently 
abnormal and often the tissues are scarred from prior 
surgery. Any segment can work well if used correctly. 
Recently, stomach in combination with intestinal seg- 
ments has been used to create a metabolically neutral 
reservoir. 141-43 The hypochloremic alkalosis asso- 
ciated with stomach is offset by the hyperchloremic 
acidosis associated with small and large bowel usage, 
creating a more ‘balanced’ reservoir (Figure 57.12). 
Only a relatively small (8 x 4 cm) gastric segment is 
necessary to achieve neutrality. Lockhart et al have 
demonstrated that larger segments may result in 
HDS. In 12 patients with long-term follow-up, 11 
have normalized their mean serum HCO, levels. 


+ 
K; 
NH4* 
cr 
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Electrolyte neutrality 


Figure 57.12 The effect of combining intestine with 
stomach. Electrolyte neutrality is achieved. 


Serum pH levels have also been corrected, and only 
one patient has had persistent metabolic acidosis.!#4 
Gastroileal composite reservoirs seem to provide 
many advantages but take longer to construct as a 
second anastomosis is necessary and there is poten- 


tially significant blood loss. 


Creation of an antireflux mechanism 


The second of the three principles of CUR construc- 
tion is the creation of a reliable antireflux mechanism. 
Whereas the necessity for this can be debated in the 
adult patient when a low-pressure, large reservoir has 
been constructed, it is widely agreed that this is very 
important in the pediatric population. The historic 
aspects and the various mechanisms were reviewed by 
Walker.!*# Antireflux mechanisms today are generally 
based on intraluminal or extraluminal tunnel tech- 
niques or by the creation of nipples by intussuscep- 
tion. These techniques are similar to those that are 
used to provide continence mechanisms, so will only 
be briefly discussed here. 

Tunneling techniques into bowel have been modi- 
fied over the years by a number of surgeons, but all 
have their basis in the original technique introduced 
by Coffey!#5 (see the technique described for antire- 
flux under colon conduit description). Developing 
submucosal tunnels in small intestine can be quite dif- 
ficult. Two techniques to create ileal tunnels are 
worthy of mention. Le Duc et al described an intralu- 
menal tunneling technique, whereby a 3 cm mucosal 
sulcus is created.!4° The ureter is brought through the 
bowel wall, placed in this sulcus, and secured. The 
intestinal mucosal edges are sutured to the ureteral 
adventitia and, with time, with mucosa will cover the 
ureter to create a tunnel with muscle backing (Figure 
57.13). Abol-Enein and Ghoneim described an inge- 
nious technique using a serosal tunnel, which is easily 
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Figure 57.13 Le Duc reimplant. (a) A mucosal sulcus is 
created in the ileum. (6) The ureter is brought into the 
bowel segment and placed in the sulcus between the 
mucosal edges, which are tacked to the ureter. 
(Adapted from Le Duc et al,146 with permission.) 


constructed and appears to reliably prevent reflux 
(Figure 57.14).!47 

Nipple valves are generally constructed by intussus- 
cepting ileum or using the ileocecal valve. These tech- 


niques will be covered under continence mechanisms 
as the technique is the same. The ureters are 
implanted by direct anastomosis to the bowel proxi- 
mal to the nipple valve. As a general rule, antireflux 
intestinal nipple valves have had more complications 
than tunneling techniques and are more difficult to 
construct. In the authors’ experience there has been 
nearly a 50% incidence of reflux noted on long-term 
follow-up in those in whom a reinforced intus- 
sussepted ileocecal valve was used as the antireflux 
mechanism. Therefore, other techniques are currently 
being used. A split-cuff nipple valve using ureter has 
been reported by several authors, and is very easily 
constructed and surprisingly reliable!?-148.149 (Figure 
57.15). Stone and MacDermott noted mild reflux in 
only one of 35 ureters, all of whom had at least a 2- 
year follow-up.!48 This is particularly useful in the 
dilated ureter where tunneling techniques are more 
likely to lead to ureteral obstruction. 

Overall, the results have been good. Walker noted 
success rates are slightly worse than reimplantation 
into native bladder.!** Most interesting is the report 
by Lockhart et al, where 165 of 201 ureters were 


Figure 57.14 Abol-Enein and Ghoneium reimplant. (a and b) A W-shaped ileal segment is fashioned and the bowel 
is opened on the antimesenteric border. (c and d) Two serous lined troughs are created and the ureters are placed 
in the troughs with the ureteral meatus anastomosed to the intestinal mucosa. (e) The free bowel edges are closed 
over the ureter, creating a serosal lined tunnel. (Adapted from Abol-Enein and Ghoneim,'4” with permission.) 
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Figure 57.15 Split-cuff nipple, created by spatulating and everting the ureter over a stent. They are brought through 
the bowel wall and secured. (Adapted from Goldwasser and Webster, 1°83 with permission.) 


anastomosed end to side with no effort made to pre- 
vent reflux.5° Neither reflux nor obstruction 
occurred in 87%. Tunneled reimplantations have suc- 
cessfully prevented reflux in >95% of patients. 


Creation of a continence mechanism 


The final and most important principle of CUR con- 
struction is the creation of a reliable continence mech- 
anism that is easily catheterizable. The creation of the 
perfect reservoir with no reflux is of no value to the 
child who continually leaks urine onto the abdominal 
wall. Equally disastrous is having difficulty in 
catheterizing the completely continent reservoir, 
which puts the child at risk for reservoir perforation. 
As Benson and Olsson have observed, the integrity or 
failure of the continence mechanism determines the 
success or failure of the diversion.!*! Numerous tech- 
niques have been described to provide continence but 
they all fall basically into one of the following cate- 
gories: nipple valves, plicated valves, flap valves, and 
hydraulic valves. Some techniques use a combination 
of these valve mechanisms. Examples of each type will 
be demonstrated. The interested reader should be 
aware of two excellent reviews of continence mecha- 
nisms by Sagalowski!®? and Austin and Lockhart.1°4 
Nipple valves are generally created by intussuscept- 
ing an intestinal segment to create a sphincteric com- 
pression mechanism. These nipples are used in many 
of the most popular CURs. An ileal nipple is used in 


the Kock pouch (Figure 57.16) and the Mainz pouch 
(Figure 57.17). An ileocecal nipple is used in the 
pouch described by Mansson et al.154 

When the nipple valve is within the lumen of the 
reservoir, the principle of equilibration pressures adds 
further to continence. Unfortunately, the intrareservoir 
pressure that compresses the nipple to provide conti- 
nence also applies forces to evert, flatten, or destabilize 
the nipple (Figure 57.18). Because of the nipple’s ten- 
dency to fail over time, many ingenious methods to sta- 
bilize the nipple have been reported. Hendren described 
dissecting the mesentery off the ileum to be intussus- 
cepted and scarifying it to provide internal fixation.!®5 
The Kock pouch has been modified many times from its 
original application as a continent ileostomy.!° The 
procedure reported in the first 12 patients involved the 
use of 60-70 cm ileum for the reservoir.6? The middle 
40 cm was folded into a U’ shape after being opened on 
its antimesenteric border. In later patients, the nipple 
valves were constructed by intussuscepting the ileum 
into the reservoir. The nipples were stabilized by staples, 
and either Marlex mesh or fascia was positioned as a 
cylinder around the base of the nipples and secured to 
the reservoir. One nipple was used for continence and 
the other to prevent reflux. The Kock pouch has since 
been popularized by Skinner, who made further modi- 
fications.°* There appears to be a steep learning curve, 
but in Skinner’s hands the results have been reported to 
be excellent:* 16% suffered early complications and 
late complications have been noted in 22% of 531 
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Figure 57.16 Kock pouch (continent ileal reservoir). (a) Bowel segment measuring 60-70 cm is isolated approxi- 
mately 50 cm from the ileocecal valve and positioned as the letter U with the terminal end directed toward the head 
of the patient and the bottom of the U toward the left side of the patient. (b) The legs of the U are united at the 
antimesenteric border with continuous 3-0 polyglycolic acid sutures. (c) The intestine is divided adjacent to the 
suture line and the incision is continued for 3 cm on the afferent limb. The mucous membrane is sutured with con- 
tinuous 3-0 polyglycolic acid sutures. Openings are made in the mesentery supplying the future base of the nipple 
valves. (d) Intussusception of the afferent and efferent segments into the future reservoir. (e) The nipple valves are 
secured with staples. (f) The reservoir is closed with two continuous inverting 3-0 polyglycolic acid sutures. (g—h) 
The reservoir is brought into its final position by pushing the corners of the reservoir downwards between mesen- 
teric leaves. (/) A fascia of Marlex mesh encircles the base of the nipple valve, and the ends are approximated with 
three or four non-absorbable sutures. The reservoir wall is sutured to the cylinder with 3-0 polyglycolic acid sutures. 
(j) The cylinder at the efferent segment is attached to the opening and anterior rectus sheath with non-absorbable 
sutures. (k) The completed continent ileal reservoir. 
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Figure 57.17 The Mainz pouch utilizes intussuscepted ileum pulled through the ileocecal valve (c) as the continence 
mechanism. 
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(a) 


Figure 57.18 Nipple valves. (a) Hydrostatic forces exerted on the nipple to provide continence. (b) Breakdown of 
nipple, yielding incontinence. (c) Fistula of nipple, yielding incontinence. (d) Prolapse of nipple, resulting in inability 


to catheterize. 


patients, with the vast majority involving the efferent 
nipple.6? The large amount of ileum required (78 cm), 
the complexity of the procedure, and the requirement 
for two nipples with stapling and collar fixation, have 
deterred its widespread use in children, but it does pro- 
vide the least contractile and most compliant reservoir, 
with pouch capacities ultimately over 700 ml.°” Hanna 
and Bloiso achieved success in a small series in children, 


but modified the nipple to avoid the use of staples and 
Marlex.!57 Benson and Olsson noted that nipple failure 
occurs in approximately 15% in the best of hands, with 
the three most common complications of the nipple 
being pinhole fistulae at the base of the nipple, nipple 
valve prolapse, and shortening of the nipple length.°7 
Because of this high complication rate, they no longer 
recommend its routine use.15! 
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Figure 57.19 Mainz pouch with appendix. (a) The cecum has been patched with ileum. A seromuscular incision is 
made in the tenia. (b) Mesenteric windows are made in the mesoappendix. (c) The appendix is placed in the sub- 
mucosal tunnel and the cecum is closed over it, avoiding the appendiceal vasculature. 


The ileocecal valve is commonly used as a conti- 
nence mechanism with the cecum acting as the reser- 
voir. However, in its native form it is functionally 
adequate in only 25% of the population.158-15° Ren- 
delmen et al found that at 25 cmH,0O, the valve is 
incompetent in 25%.15° This incompetence increases 
such that only 7% are continent at 50 cmH,O pres- 
sure.!5? Reinforcement to achieve continence was 
achieved by Zinman and Libertino by wrapping the 
cecum around the ileum.!°° Intussusception of the 
ileocecal valve as a nipple to enhance its continence is 
the basis for the pouch described by Mansson et al.154 
The Mainz pouch (mixed augmentation with ileum 
and cecum) uses tunneled ureteral implants to prevent 
ureteral reflux and an unusual nipple valve for conti- 
nence with the reservoir created by combining the 
cecum and ileum (see Figure 57.17). The ileum is 
intussuscepted to create a nipple, which is then pulled 
through the ileocecal valve and secured by stapling. 
Continence rates have been greater than 95% and 
reservoir capacities greater than 600ml in 179 
patients, 41 of whom were children.161-163 Again, 
owing to nipple complications and the difficulty in 
constructing them, the Mainz group no longer uses 
the nipple but instead an in-situ appendix, which is 
imbricated in the cecum, as the continence mecha- 
nism (Figure 57.19). Stein et al reported 374 patients 
undergoing a Mainz pouch in which 116 had the 
appendix as the continence mechanism with 6.7% 
having early complications and 25% late complica- 
tions.!©* All of the incontinence occurred with use of 
the nipple valves, while none of the appendiceal effer- 


ent stomas were incontinent. Gerharz et al!®> com- 
pared the two continence mechanisms in the Mainz 
pouch (96 appendiceal stomas, 106 ileal nipples) and 
noted that 17% of the appendiceal stomas required 
23 reinterventions with all but two being for stenosis. 
Nipple valves required a second operation in 12.3%, 
but the revisions were much simpler in the appen- 
diceal group and this has become their preferred 
method. If the appendix is not available, a Lampel 
tube of cecum (Figure 57.20a) or submuscular tube 
(Figure 57.20b) is now used.!& The Mainz group 
also looked at vitamin A, B, B}, Bẹ D, and E and folic 
acid levels, as well as bone density, after these diver- 
sions, and all were within normal limits.!©” Vitamin 
B,, levels and bone density were normal in the 51 
children, but dropped significantly in adults. They 
recommend checking vitamin B,, levels after 4 
years. 167 

The appendix has also been used by others to create 
an intussuscepted nipple as a continence mechanism 
for a right colon pouch.168-170 There is only minimal 
intussusception in the Bissada technique,!6? but Issa 
et al reinforced this with a mesh wrap similar to the 
ileal nipple in the Kock pouch.168 Tillem et al rein- 
force the appendix only if leakage is demonstrated 
after filling the cecum to 60 cmH,O.170 

An interesting nipple valve was developed by 
Benchekroun!7!!7? and modified by Guzman et al.!78 
The ileum is inverted into itself to create an ‘inkwell’ 
system whereby urine enters between the walls and 
compresses the inner layer for continence (Figure 
57.21). Benchekroun et al reported 136 patients with 
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Figure 57.20 (A) Lampel tube. (a-c) A full-thickness bowel flap is elevated and tubularized over an 18 Fr catheter. 
(d-f) It is then placed in a submucosal subtineal tunnel and the bowel wall is closed. (8) Lampel seromuscular tube. 
(a and b) The elevated seromuscular layer is tubularized over an 18 Fr catheter and (c) anastomosed at its base to 
the mucosal opening. (d) The bowel wall is closed over the tube and (e) brought to the umbilicus as a catheterizable 
stoma. (Reproduced from Lampel et al,166 with permission.) 
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Figure 57.21 The Benchekroun ileo-nipple. 


75% continence after the initial operation.!7! Another 
17.6% achieved continence after revision. The results 
with this technique by the Johns Hopkins group were 
not nearly as good and, after initially recommending 
this procedure, they have now abandoned it, as 
stomal stenosis in children and destabilization are 
problems.!74175 This hydraulic nipple valve, while 
ingenious, has not gained wide acceptance. 

Plication techniques have been widely accepted as 
reliable continence mechanisms and have been popu- 
larized by the Indiana group in what has become 
known as the Indiana pouch. This pouch is based on a 


(a) 


modification of Gilcrest and Merrick’s cecoileal reser- 
voir. It has undergone several modifications since the 
initial report in 1985.!7 In this procedure the cecum 
is detubularized and used as the reservoir. Reflux pre- 
vention is obtained by tunneling the ureters into the 
tenia or by the Le Duc technique.!”” The continence 
mechanism is based on plication of the ileum to the 
level of the ileocecal valve. The native ileocecal valve is 
reinforced by Lembert sutures (Figure 57.22). A very 
similar technique has been used by Lockhart et al in 
the Florida pouch.!78 The advantage of this procedure 
is its ease of construction, using techniques familiar to 
all urologists. Carroll and Presti compared plicated vs 
stapled ileal segments and noted that mean contraction 
pressures were higher in the stapled group 
(63 + 27 cmH,O at 41 +21 cmH,0).! They have 
previously shown the contractions in the ileal segment 
always precede or are concomitant with cecal reservoir 
contractions.!89 Mean reservoir volumes were 675 ml, 
with mean reservoir contractions being 24 cmH,O 
and mean plicated ileal pressures 40 cmH,O in the 
reservoir. As would be expected from these data, con- 
tinence rates have been quite good. Rowland reviewed 
several series and noted that one of 17 patients (6%) 
required repair of the efferent limb for leakage.!*! 


Figure 57.22 Continence is achieved by plicating the ileum to the level of the ileocecal valve. The ileocecal valve is 


reinforced (d). 


936 Clinical pediatric urology 


However, Canning, reported that leakage occurs more 
readily with this mechanism than with nipples.182 
Ring and Hensle achieved a 95% continence rate in 29 
children undergoing the Indiana pouch.!8? In Row- 
land’s most recent report, five of the last 81 patients 
had incontinence secondary to high reservoir pres- 
sures;!84 however, the cecal reservoir with ileum may 
correct this. 

Koff et al reported a technique to provide hydraulic 
compression to the efferent ileal limb of the Indiana 
pouch.!8° A segment of ileum is used to wrap around 
the efferent limb and is anastomosed to the cecal 
pouch. While this would increase resistance further, it 
adds complexity to an otherwise easily performed 
procedure that already has a high continence rate. 
Koffs approach has not gained widespread use. 

Without question, the most commonly used conti- 
nence mechanism in children is based on the flap- 
valve principle as introduced by Mitrofanoff.!8° 


Ureterocecostomy 
into posterior tenia 


Leadbetter-type implant 
(appendicocecostomy) 


Mitrofanoff reported the use of the appendix to 
tunnel into the neuropathic bladder (similar to a 
ureteral reimplantation to prevent reflux) to provide a 
continent catheterizable stoma into the native blad- 
der. The procedure was popularized by Duckett and 
Snyder, 187-188 who extended the use of this technique 
to create a continent ileocecal pouch, the Penn 
pouch!*? (Figure 57.23). Since these early reports, 
many authors from around the world have reported 
their experience using not only appendix but also 
ureter, tapered ileal, colonic or gastric tubes, fallopian 
tubes, and vas deferens.!9°-!% The continence mech- 
anism is based on placing a supple tube in a submu- 
cosal tunnel with a 5:1 ratio of length to tube 
diameter. Firm muscle backing of the tube prevents 
reflux (Figure 57.24). It was initially thought that the 
tube itself must also be muscular, but bladder urothe- 
lium, colonic mucosa, and preputial skin alone have 
all been used successfully.200-202 


Opened ileal patch 
on to cecum 


Isolated appendix 


Cecal end 


Figure 57.23 The Penn pouch. (a) The ileocecal segment is isolated and incised on its antimesenteric border; the 
ureters are implanted into the colonic segment. (b) The appendix is isolated in its mesentery. (c) The ileocecal seg- 
ments are joined and the appendix is implanted into the cecum; the cecal end is brought to the skin as a catheteriz- 


able stoma. 
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Figure 57.24 Appendicovesicostomy is performed by 
tunneling the appendix submucosally into the bladder. 
(Reprinted from Keating et al,'94 with permission.) 


This is a relatively simple procedure using tech- 
niques familiar to pediatric urologists. It is also par- 
ticularly useful in children who, as noted previously, 
often are not candidates for use of the ileocecal valve 
or long segments of ileum. Kaefer and Retik reviewed 
several series and found that continence rates ranged 
from 86 to 96%.!°° The most common complication 
reported is stomal stenosis. Khoury et al noted stomal 
stenosis in 5-57% of patients and described a tech- 
nique of placing the stoma at the umbilicus.?°* The 
Mainz group concluded that the stomal stenosis is 
slightly higher when placed at the umbilicus. A high 
risk for stenosis has also been seen when using the 
appendix compared with tapered ileum.?°+?° The 
Great Ormond Street group has reported a decrease 
in the incidence of stomal stenosis using a VQZ skin- 
flap technique? (see Figure 58.3). Using the con- 
cealed umbilical stoma technique, the Pittsburgh 
group has seen a stomal revision rate of 7% at nearly 
3 years mean follow-up.”°” At a minimum, a skin flap 
should be placed into the spatulated tube. In the 
authors’ last 100 patients in whom the Mitrofanoff 
principle has been applied, there is a 99% continence 
rate. Stomal stenosis has occurred in 12% (5/57 
appendix, 1/22 ileum, and 6/21 bladder).?°8 In the 
Boston experience, five of 50 patients leaked at the 
stomal level, five had stomal stenosis, and one an 
appendiceal stricture. 196 

Since the introduction of the MACE procedure 
(Malone antegrade colonic enema), which used the 
appendix brought to the skin for irrigation of the 
cecum, it has become necessary to find other tissue to 
form a catheterizable urinary stoma. The Yang—Monti 
technique,?7!9 which uses only 2 cm of reconfig- 


ured ileum to form a tube, has been a great advance, 
and the technique has been used successfully? 
(Figure 57.25). Tunneling of these tubes into colon 
or stomach is easily accomplished but is difficult in 
ileum. A seromuscular trough for implantation has 
been described!" and Plaire et al?!” have described a 
serosal reimplant similar to the Abol-Enein and 
Ghoneim ureteral reimplant (see Figure 57.14). It is 
now clear that the Mitrofanoff principle is a major 
advance and that virtually any supple tube placed in a 
tunnel that has adequate muscular backing will suc- 
cessfully provide continence. 

Complete gastric reservoirs have been popularized 
by Mitchell’s group,!4? and they have recently 
described three techniques to provide continence?!4 
(Figures 57.26 and 57.27). Two of these are based on 
the Mitrofanoff principle and one on a nipple valve. 


(a) 


Figure 57.25 Yang—Monti. (a) A 2 cm segment of small 
bowel is isolated on its mesentery. (b) It is opened on 
its antimesenteric border. (c) The segment is retubular- 
ized by closing it in a longitudinal fashion (see also Fig- 
ures 55.23 and 55.24). 
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(6) 


Figure 57.26 Gastric continence mechanisms. (a) A 
gastric wedge is harvested from the greater curvature 
of the stomach with an anterior strip mobilized for 
tubularization. (6) The anterior strip is tubularized with 
two sutured layers over a 12 Fr catheter. The proximal 
end is formed into a nipple for the continence mecha- 
nism. (Reproduced from Close and Mitchell,2'? with 
permission.) 


Stomach is very receptive at tunneled reimplants for 
either antireflux or continence mechanisms. To 
reduce acidity, stomach may be used in combination 
with ileum as the reservoir, rather than using stomach 
alone. 142-143 Applying a Yang—Monti ileal tube tun- 
neled into the stomach as the continence mechanism 
prevents the peristomal irritation sometimes seen 
with gastric tubes.198.2!3 

The only reservoir that provides a volitional conti- 
nence mechanism, which also happens to be the first 
continent reservoir, is the ureterosigmoidostomy.5” 
Since its introduction, over 60 modifications have 


been proposed. Because of the problems with upper 
tract deterioration, occasional incontinence, acidosis, 
and the risk for adenocarcinoma, it has been largely 
abandoned. However, the opportunity to control con- 
tinence without CIC continues to make it very attrac- 
tive. It cannot be used in spinal dysraphism, as a 
neurologically intact anal sphincter is required. In chil- 
dren it has been used almost exclusively in the exstro- 
phy population when continence cannot be achieved 
with bladder neck surgery. It has been suggested that 
oatmeal enemas be given preoperatively to check anal 
continence.”!* Classically, ureterosigmoidostomy has 
been done by simply tunneling the ureters into the 
rectum. However, the risk of cancer at the anasto- 
motic site and night-time incontinence led surgeons to 
pursue other efforts to provide more of a reservoir 
effect and avoid direct contact of the ureters with the 
stool. Development of neoplasms seems to require 
urine to be in contact with stool and bowel 
mucosa.?!5.216 Of 94 children with ureterosigmoidos- 
tomy followed at the Children’s Hospital of Boston, 
seven developed adenocarcinoma of the colon, four of 
whom died.?!7 Rink and Retik proposed that an ileo- 
cecal conduit be initially constructed and the conduit 
later anastomosed to the intact sigmoid by end-to-end 
colocolostomy.”!” Kock et al described a ‘valved- 
rectum’ with the colon intussuscepted at the rectosig- 
moid junction to prevent reflux of rectal contents and 
an ileal patch anastomosed to the anterior rectal 
wall.?!8 This allowed the rectal capacity to increase 
from 200 to 700 ml with maximal pressures of only 
24 cmH,O and minimal metabolic disturbances.?!8 

A hemi-Kock pouch anastomosed to the rectum 
has also been described,?!® but the complexity of cre- 


Figure 57.27 Gastroileal pouch with a Monti tube. (a) The flap to be tubularized is indicated on existing gastro- 
cystoplasty. (b) The flap is raised and tubularized, and the bladder defect is closed. (c) Creation of a continent nipple 
valve by intussusception of gastric tissue as a cuff around the base of the gastric tube. (Reproduced from Close and 


Michell,2"? with permission.) 
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Figure 57.28 (a) An isolated gastric tube is harvested with a GIA-90 stapler over a 12 Fr catheter. (b) The mobilized 
isolated gastric tube is ready for placement into an augmented bladder or reservoir. 


ating the colonic nipple in these two procedures 
makes them less attractive. The sigma rectum (Mainz 
pouch IT) has been proposed from the group from 
Mainz as a means of lowering the very high pressures 
in the intact rectosigmoid colon without the need for 
nipples or augmentation?!? (Figures 57.28 and 
57.29). Continence was achieved in 40 of 47 patients, 
with voiding five times per day, and extracolonic pres- 
sures remained low. The results in 34 patients of the 
Mainz II were reported by Gerharz et al.??° All were 
continent during the day. One had night-time soiling 
and had creation of an ileal conduit due to recurrent 
septicemia. One ureteral obstruction led to a nephrec- 
tomy and two had mild hyperchloremic acidosis. 
Although lower pressures with the new procedures 
should reduce the risk for upper tract changes, the risk 
for adenocarcinoma still weighs heavily when con- 
templating any type of ureterocolonic diversion. 


Postoperative care 


In the early postoperative interval ureteral drainage is 
provided by stents, which are left indwelling for at 
least 1 week. Antibiotics are given until all tubes are 
removed. H, blockers are given temporarily if stom- 
ach is used. A large-bore silastic tube drains the reser- 
voir for 3 weeks. The reservoirs are irrigated three 
times a day for the first 3 weeks and then slowly 
decreased to daily, for the rest of the patient’s life. A 
pouch-o-gram is obtained before removal of the 
stents. The indwelling reservoir drainage tube is 


maintained until the patient and family demonstrate 
that they can easily catheterize the stoma and empty 
the reservoir. Demonstration of complete emptying is 
mandatory to prevent long-term problems of infec- 
tion, stone formation, incontinence, and perforation, 
and to maintain stable renal function. 

Renal and pouch sonography, abdominal radi- 
ographs, and serum creatinine and electrolytes are all 
obtained 3 months postoperatively, repeated at 6- 
month intervals, twice, and yearly thereafter. Vitamin 
B,, levels should be checked in the long term and 
somatic growth monitored. Endoscopic evaluation of 
the pouch should be carried out annually, starting 
5-10 years postoperatively. 


Summary 


Tremendous advances have been made in lower uri- 
nary tract reconstruction in children. The entire uri- 
nary tract can now be completely replaced. Bladders 
can be constructed that are continent, ureters can be 
replaced with antireflux mechanisms easily achieved, 
and kidneys can be transplanted. Direct cutaneous 
diversion is generally only used as a temporary means 
to provide drainage. Non-continent diversion is only 
used in children who are incapable of independent 
care. It is ideal to maintain the native urinary tract 
intact, and reconstructive efforts should be directed to 
achieve this. If this cannot be achieved, a CUR should 
be provided. The limits of reconstruction are based 
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Figure 57.29 The Mainz pouch II (sigma rectum) has been presented as a means of reconstructing a low-pressure 


ureterosigmoidostomy. 


only on the surgeon’s imagination and skills. As long 
as the principles of CUR construction outlined in this 
chapter are met, a successful surgical result can almost 
always be achieved. True success, however, will always 
require the cooperation of a well-motivated child and 
equally motivated parents. Furthermore, this type of 
major reconstruction necessitates that the surgeon be 
surrounded by dedicated personnel who function as a 
team for the betterment of the health of these children. 
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The Malone antegrade continence 


enema (MACE) 


Martin A Koyle and Padraig SJ Malone 


Introduction 


At first glance it may seem strange to devote a chap- 
ter in a textbook of pediatric urology to bowel care. 
However, congenital anomalies of the bowel and uri- 
nary tract frequently coexist, and constipation by itself 
may produce significant bladder dysfunction, leading 
to incontinence and urinary tract infection.! The pedi- 
atric urologist must be conversant with these bowel 
problems and play an active role in their manage- 
ment. Both systems should always be assessed simul- 
taneously, and with present surgical techniques, it is 
the urologist who is often best placed to treat both 
urinary and fecal incontinence synchronously.? 

The first antegrade continence enema (ACE) or 
Malone (MACE) procedure was performed in 1989, 
in an attempt to treat the intractable fecal inconti- 
nence associated with spina bifida. Koyle subse- 
quently introduced the technique in North America 
in 1991.3 Malone et al* reported that 53% of young 
adults with spina bifida suffered from fecal inconti- 
nence and similar results have been reported by 
Holschneider® in patients with anorectal anomalies, 
many of whom also had neuropathic bladder dys- 
function.® 

The MACE combined three well-recognized surgi- 
cal principles that have been clearly described in many 
papers and in the previous (fourth) edition of this 
book, and will not be described in detail again here. 
The combination of these principles, applied to the 
colon, provided continent intermittent catheter access 
to the cecum or proximal colon for the administration 
of antegrade enemas while the patient sat on the 
toilet. This produced colonic emptying and fecal con- 
tinence. The preliminary series was reported by 
Malone et al” and, subsequently numerous reports 
have been published so the procedure is now widely 
practiced around the world.!38-12 Many modifica- 
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tions have been introduced following the original 
description,!* both to simplify the procedure and 
reduce the high complication rates initially reported.® 
This chapter reviews the techniques in current use, 
patient selection and preparation, the enema regi- 
mens, and the most recent results. 


Patient selection and preparation 


All conservative measures must be tried before resort- 
ing to the MACE. The underlying diagnosis is impor- 
tant, as it influences the success rate. In the 
Southampton experience, patients with a neuropathic 
bowel and anorectal malformation had a success rate 
of 73%, compared with 38% for patients with chronic 
idiopathic constipation. The Colorado experience 
similarly showed that those whose primary bowel 
problem is constipation fare worse than those with 
other elimination problems. These results have been 
mirrored by the wider experience in the UK, where a 
success rate of 91% was also reported for patients with 
Hirschsprung’s disease.15 Recent personal communi- 
cations from pediatric surgery colleagues suggest that 
the results for patients with chronic constipation have 
improved and a number of publications are in the 
pipeline. Kokoska et alle reported significant improve- 
ment in 91%, and continence in 64% of 11 children 
undergoing a MACE procedure for chronic constipa- 
tion. The age at operation was also important. In 
Southampton there was a 70% failure rate for patients 
under 5 years of age compared with 24% for those 
aged over 5 years, a highly significant difference.!* 
This was independent of the underlying diagnosis, and 
it probably reflected the inability of a child under 5 
years of age to sit on a toilet for up to 1 hour before 
emptying is complete. Patient and caregiver motiva- 
tion was vital in determining the success. A lack of 
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compliance to the washout regimen was a major con- 
tributory factor to failure in 9 patients in the early 
Southampton and Colorado experience. Detailed pre- 
operative counseling and continued intensive postop- 
erative support, ideally provided by a nurse 
practitioner, are essential to ensure adequate and con- 
tinued motivation, without which the MACE is 
doomed to failure. It is an advantage to introduce the 
potential patient to a child and family with a function- 
ing MACE prior to the surgical procedure. 

In summary, the ideal patient for a MACE should 
be over 5 years of age, have a diagnosis of neuropathic 
bowel, an anorectal malformation or Hirschsprung’s 
disease, be well motivated with a dedicated family, 
and have tried and failed all conservative measures 
first. 


Operative technique 


An aggressive preoperative bowel preparation is 
essential to facilitate the initial postoperative enema. 
A cleanout from below is often necessary, especially in 
the patient where constipation is the primary prob- 
lem. Broad-spectrum prophylactic antibiotics that 
cover bowel bacteria are always administered periop- 
eratively. In most instances, since coincidental urinary 
tract reconstruction is performed, a lower midline or 
Pfannenstiel incision is selected, depending upon the 
patient’s body habitus, prior surgical scars, and pref- 
erence. In the patient in whom a MACE only is indi- 
cated, without a urinary operation, a laparoscopic 
approach or an appendectomy incision can be 
employed. 

It has been reported that it is not necessary to con- 
struct an antireflux mechanism, and some surgeons 
simply pull the appendix out to an abdominal stomal 
site. This may be done using a laparoscopic 
approach.!7 Both authors have attempted not using 
an antireflux mechanism on a number of occasions 
and, in some cases, the stoma was incontinent of 
flatus and/or stool, but in the majority the stoma was 
continent. It is recommended that an antireflux mech- 
anism is constructed in open surgery, but this may be 
omitted to reduce technical difficulty if a laparoscopic 
approach is used. It is no longer necessary to discon- 
nect the appendix from the cecum and reimplant it as 
one would for a continent appendicovesicostomy, as 
initially had been proposed by Malone. Rather, the 
in-situ appendix can be folded over with the cecal wall 
wrapped around it to produce the antireflux mecha- 
nism. This is an adaptation of the technique originally 


described for the Mainz pouch urinary reservoir. !2 


This procedure is performed in slightly different ways 
by the two authors. Koyle simply wraps the cecal wall 
around the folded appendix using permanent sutures, 
similar to the technique for a Nissen fundoplication, 
On the other hand, Malone continues to produce a 
submucosal tunnel along one of the tenia and inlays 
the appendix into this, finally closing the seromuscu- 
lar layer over it with absorbable sutures (Figure 58.1). 
Both authors recommend catching the serosa of the 
appendix wall with covering sutures in order to pre- 
vent it from pulling out of the tunnel. The mesentery 
of the appendix is fenestrated to prevent the wrap 
from compromising the blood supply to the appen- 
dix. Currently both these techniques are performing 
satisfactorily without significant long-term leakage. 
Once the antireflux mechanism has been constructed, 
the cecum or colon is sutured to the posterior aspect 
of the anterior abdominal wall to ensure that the con- 
duit is not lying free in the peritoneal cavity, as this 
can lead to kinking and difficulties with catheteriza- 
tion. The technique needs to be modified if simulta- 
neous MACE and appendicovesicostomy procedures 
are being performed. If the appendix is long enough 
and the vascular anatomy is suitable, it is possible to 
split the appendix, and both authors have done this 
successfully. 

If the appendix is not suitable to split, or if it is 
absent, another technique must be instituted. The 
tubularized cecal or colonic flap? is no longer recom- 
mended because of the unacceptably high complica- 
tion rates associated with this technique.* There are 
two options to using the appendix that are worthy of 
serious consideration. The first is the Monti proce- 
dure.!? This is an ingenious technique where a seg- 
ment of ileum is harvested on its pedicle and 
transversely detubularized on its antimesenteric 
border (see Chapter 55). The rectangular patch is 
tubularized along its longitudinal axis to create a 
catheterizable conduit of approximately 7cm in 
length. The internal valvulae coniventes run in the 
longitudinal direction of the conduit, thus facilitating 
easy catheterization. Both ends of the conduit are free 
of mesentery and this makes the creation of the antire- 
flux mechanism easy. When a Monti conduit is used, 
the Mitrofanoff flap valve principle is followed and a 
submucosal tunnel is created along one of the tenia, 
which is wrapped around it. This is similar to the 
original description of the MACE.}° If the patient is 
obese, it is possible to use two segments of ileum or 
colon and produce a 14cm conduit (‘The Full 
Mont), which is long enough for virtually all 
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patients. This is the procedure of choice when the 
appendix is not available.?° 

The other technique worthy of consideration is the 
use of a cecostomy tube and cecal button. Shandling 
et al?! described a technique for the percutaneous 
placement of a cecal tube that could be changed at a 
later date to a low-profile cecal button (similar to a 
gastrostomy button), which is then used to adminis- 
ter the enema. A number of patients in both the Col- 
orado and Southampton series manage their MACEs 
using a button, with results no different from those 
obtained using an appendiceal MACE (Figure 58.2). 
The indications for the button were: 


Figure 58.1 In-situ formation of the MACE: (a) the in- 
situ appendix attached to the cecum; (6) the fenes- 
trated appendix mesentery; (c) the submucosal tunnel 
along one of the tenia; (d) the appendix folded into the 
tunnel; (e) the completed tunnel (note the short length 
of appendix). 


sloughing of cecal tubes formed when the appen- 
dix was absent, 

refusal by children/caretakers to catheterize their 
stomas, and thus the buttons are being used semi- 
permanently in these cases, 

patients who developed stomal stenosis on at least 
one occasion and the families have preferred the 
non-operative button option to that of repair 
under anesthesia. 


Our greatest worry has been erosion or skin problems 
as the abdominal wall girth increases with age; hence, 
a close follow-up is mandatory The tubes are 
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Figure 58.2 (a) (i) MIC-KEY (Ballard Corporation) and (ii) Genie (Bard) button kits. (b) (i) MIC-KEY button in right 


lower quadrant MACE stoma and, (ii) genie in umbilical stoma. 


unsightly, and occasionally leakage around the tube 
will occur that leads to embarrassment. In a survey of 
300 MACE procedures performed in the United 
Kingdom, 19 cecal buttons were used and they 
worked well in most cases.!> Chait et al?? placed but- 
tons percutaneously under local anesthesia with good 


results. Fonkalsrud et al?’ placed Broviac silastic intra- 
venous catheters rather than buttons, using an open 
technique. They reported successful results in a series 
of 24 patients. Longer follow-up is required before 
we could routinely advocate the button in place of an 
intestinal conduit. 
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One of the problems encountered in some patients 
with the MACE, particularly those with constipation, 
is the time it takes for the washout to work. This has 
led to failure and abandonment of the procedure in a 
number of patients.? In an attempt to overcome this 
problem, some surgeons have placed a Monti-MACE 
conduit in the left colon to reduce the length of bowel 
that has to be washed through and thus the time 
taken. Preliminary results with this approach are very 
encouraging, and in the Southampton series this has 
salvaged the procedure in five patients in whom an 
original cecal MACE failed.?+6 

A left MACE should always be considered in 
patients with severe associated constipation. Recently, 
a new development embracing the principles of mini- 
mally invasive surgery and the left-sided MACE has 
occurred. Following bowel preparation, a 
colonoscopy is performed and with the scope in the 
distal descending colon, a colostomy tube is inserted, 
as one would insert a percutaneous endoscopic gas- 
trostomy (PEG), the percutaneous endoscopic 
colostomy (PEC). Washouts can commence the next 
day, and, once the tract has matured, patients have a 
choice of either keeping the tube, exchanging it for a 
button, or having a formal conduit created. They have 
knowledge that the MACE will work, having had a 
trial of it via the PEC. Therefore, there are a number 
of different approaches to the MACE at the time of 
writing. If the patient requires a synchronous bladder 
reconstruction, a formal conduit is constructed using 
the in-situ appendix in the cecum or a left-sided 
Monti-MACE if constipation is a severe problem. If 
the MACE is all that is required, a laparoscopic 
MACE (LACE) would be the procedure of choice for 
cecal placement or a PEC if the patient is constipated 
and a left-sided placement is needed. 

By adopting these newer techniques, complications 
such as incontinence of the conduit or difficulties 
catheterizing it are rare. Now, it is also easy to per- 
form simultaneous MACE and Mitrofanoff urinary 
diversion, offering patients the chance of complete 
continence for the first time.”-27 

The remaining aspect of operative technique is the 
construction and placement of the stoma. The com- 
monest complication of the MACE in the earlier 
series from Southampton and Colorado was stomal 
stenosis. Curry et al!* reported an incidence of 55% 
in the Southampton series, of whom 6/31 (19%), and 
22% of the Colorado group, required surgical revi- 
sion. In an attempt to reduce this stenosis rate, 
patients were advised to intubate the stoma twice a 
day, and this seemed to be reduce the problems with 


stenosis. The initial description of the MACE advo- 
cated a cutaneous V-flap, but both centers changed to 
using modifications of the Ransley VQZ-flap when 
the MACE was positioned in a location other than the 
umbilicus to try to reduce the incidence of stenosis 
still further. This has been shown to significantly 
reduce stomal problems in the Mitrofanoff proce- 
dure.?8 This method uses two separate skin flaps and 
can be constructed on the abdominal wall (Figure 
58.3) or in the umbilicus (Figure 58.4). The conduit 
is left intubated for a period of 2 weeks (Southamp- 
ton) to 4 weeks (Denver) postoperatively before 
intermittent catheterization is begun. McAndrew and 
Malone”? reviewed the Southampton experience of all 
continent catheterizable conduits. They found no dif- 
ference in the complication rates between the Mitro- 
fanoff or MACE procedures: 97% of the conduits 
were continent and the stomal stenosis rate was 31%. 
There was no difference relating to the type of con- 
duit or the site of the stoma. Stomal stenosis occurred 
in 41% of V-flap stomas and 25% of modified VQZ- 
flap stomas, and, although this did not reach a statis- 
tical level, there was certainly a trend in favor of this 
stoma. More recently Barqawi et al50 reported the 
Colorado experience. They reported very similar 
results to Southampton, with a continence rate of 
98% and a stomal stenosis rate of 18%. 

In summary, these data suggest that the ideal 
MACE should use the in situ-appendix or the Monti 
conduit with an antireflux mechanism. A two-flap 
cutaneous stoma should be used, placed either on the 
abdominal wall or in the umbilicus. 


The enema regimen 


The first enema is given via the indwelling catheter 
when bowel activity returns, usually around the 3rd 
to 5th postoperative day. In those patients whose pri- 
mary problem is constipation, it may be necessary to 
clean out the bowel from above and below initially, 
until an effective MACE regimen has been achieved. 
The time of day that the enema is administered is 
patient dependent. Most families prefer to give the 
enema during the early evening hours just after 
dinner. This time is chosen to allow a sufficient inter- 
val to achieve the desired result before bedtime. 
Many enema regimens are used in the different cen- 
ters performing the MACE, and patients frequently 
modify them to suit their own particular needs. One 
of the most important points is to advise patients not 
to expect immediate success. Each individual regimen 
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usually takes up to 1 month and is established by trial 
and error. In the Southampton series,!4 many chil- 
dren did not achieve a steady state or a successful 
MACE for periods of up to 6 months. It is necessary 
to counsel patients about this preoperatively, as early 
disappointment can lead to complete failure. Many 
patients experience a degree of rectal leakage within 
the first few hours of the washout, but this is rarely a 
major problem. While the washout regimen is being 
established, it is vital to maintain regular contact with 
the nurse specialist. Initially, daily washouts are rec- 
ommended, but once the patients are comfortable 
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Figure 58.3 The VOZ right lower quadrant stoma: (a) 
the multi-flap abdominal stoma; (b) the two mobilized 
skin flaps; (c) the V-flap sutured into the posterior 
aspect of the fish-mouthed conduit; (d) the second flap 
sutured to the anterior wall of the conduit; (e) the com- 
plete stoma. 


with the procedure, they may attempt to decrease the 
frequency to alternate days. Once a steady state has 
been achieved, there is no benefit from interfering 
with the regimen. In the Southampton and Colorado 
series, the mean time taken to perform the washout 
was 39 minutes (range 20-60 minutes) and 34 
(11-68 minutes), respectively. It is essential that 
patients and caregivers are aware of the time commit- 
ment that is required and are prepared to devote this 
time to bowel care, because if they do not, the MACE 
will fail. Because patients have to sit on the toilet for 
a long time, one of the complications encountered is 
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pressure sores on the buttocks. It is possible to obtain 
padded toilet seat covers and their use is recom- 
mended, particularly for the neuropathic patient with 
reduced or absent sensation. 

The enema given differs from center to center, with 
most centers in the UK favoring the use of a stimu- 
lant, whereas those in the United States use mainly 
saline or tap water. In Southampton, the common 
regimen uses a phosphate enema (Fletchers’ phos- 
phate enema, Pharmax, UK). Initially, 50 ml of 
enema solution is made up to 100 ml with tap water 
(this has replaced the saline initially used), and this is 
rapidly instilled, followed by approximately 500 ml of 
water. Depending on the response, adjustments are 
made to the strength and volume of the phosphate, 
up to a maximum of 100 ml of undiluted phosphate 
enema. Although a few patients achieve successful 
results with the phosphate alone, the majority require 
the additional water lavage. Care must be taken when 
using phosphate, and the dose will need to be 
adjusted depending on the age of the child. If the 
enema does not produce a result, a second one should 
not be given, as phosphate toxicity may occur if it is 
retained, and this is a potentially life-threatening com- 
plication.*! Three patients in the Southampton series 


Figure 58.4 The V-flap umbilical stoma: (a) the everted 
umbilicus; (6) the mobilized V-flap (note this produces 
a second anterior flap); (c) the V-flap sutured into the 
posterior wall of the conduit, completing the stoma. 


have experienced phosphate toxicity. If the enema 
does not produce an immediate result, patients should 
be advised to wait 1 hour and then perform a further 
water lavage. If that is unsuccessful, they should be 
admitted to a hospital for a retrograde enema and 
observation. However, care must be taken, irrespec- 
tive of the agent, used, as there are anecdotal reports 
of deaths occurring when too much salt was added to 
tap water. In Colorado, tap or salt water is instituted 
at 50 ml/day and increased by doubling the volume 
every 3 days until reliable evacuation occurs. If there 
is no success after reaching 500-600 ml, alternatives 
are sought, including mineral oil, Go-LYTELY, or 
Fleet’s enema through the MACE, or altering the fre- 
quency of the enema. 

Several difficulties have been experienced during 
establishment of the MACE. The most common prob- 
lem has been pain during the enema, which occurred 
in 58% of patients in the Southampton series. In the 
majority of patients, the pain subsided during the first 
3 months, but it persisted and was a major contribu- 
tory cause to the failure of the MACE in three 
patients. Strategies for the reduction of pain include 
lowering the concentration of the phosphate, reducing 
the rate of the infusion, using an antispasmodic prior 
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to the enema (Colovac, Solvary, UK), or changing the 
enema agent to a licorice root solution, which pro- 
duces less peristalsis than the phosphate. Three inches 
(7.5 cm) of licorice root or 5 ml of commercially avail- 
able licorice granules are microwaved with 100 ml of 
saline until the mixture boils. It is allowed to cool to 
room temperature and then diluted with a further 
200 ml of saline prior to administration. It is also pos- 
sible to vary the concentration of the licorice, depend- 
ing on the response and whether the patient 
experiences pain. Many patients in the UK are now 
successfully using this regimen and it seems to produce 
much less pain. It is also possible to use many of the 
other laxatives, such as bisacodyl or docusate sodium, 
by instilling them directly into the colon via the 
MACE. In North America, where balanced fluids are 
used primarily, pain has been less of a problem. Usu- 
ally, reducing the volume of infusate or the route of 
administration alleviates the problem. 

Despite regular washouts, some patients get consti- 
pated and this produces pain and washout failure. 
Under these circumstances, a Fletchers’ arachis oil 
retention enema (Pharmax, UK) instilled 12 hours 
before the washout was recommended, but because of 
possible peanut allergy this has now been replaced by 
mineral oil. In Southampton, saline enemas by them- 
selves have been tried, but this seems to lengthen the 
time taken to achieve a successful washout and the 
authors continue to recommend a stimulant such as 
phosphate or licorice. 

One of the problems encountered with the MACE 
is the time taken for the enema to pass and achieve a 
result, over 1 hour in some cases. In the Southamp- 
ton series,!+ the commonest cause of failure was the 
inability to pass the enema, which occurred in 9/12 
(75%) cases that failed. In Colorado, if passage time 
has been greater than 45 minutes, compliance and 
hence success has also been reduced. The constipated, 
as opposed to the incontinent group, clearly consti- 
tutes the majority of these patients. It is in these 
patients that the left-sided MACE is to be recom- 
mended, preferably commencing with a trial of the 
PEC tube as described above.2*25 Liloku et als 
described six patients with a left Monti-MACE, with 
a washout time of 10-30 minutes, with five being 
clean. Churchill et al?° reported 18 patients with a 
left-sided MACE, with a mean washout time of 18 + 
12 minutes and an 83% continence rate. 

In summary, many different enema regimens exist, 
but they are all established in the individual patient by 
a process of trial and error and may take up to 6 
months to stabilize. The frequency of the enema 


should not be less than alternate days, and patients 
should be prepared to spend up to 1 hour on each 
enema. 


Results 


The results of the MACE have been classified as fol- 
lows: 14 


E Full success: totally clean or minor rectal leakage 
on the night of the washout. 

E Partial success: clean but significant rectal leakage, 
occasional major leak, still wearing protection, but 
perceived by the parent or child to be an improve- 
ment. 

E Failure: regular soiling or constipation persisted, 
no perceived improvement, and the procedure was 
abandoned, usually to a colostomy. 


Curry et al!* reported on 31 patients with a mean 
follow-up of over 3 years. The MACE failed in 12/31 
(39%) patients, and this included five of the eight 
patients treated for chronic idiopathic constipation 
and the one patient with Hirschsprung’s disease. 
When patients with neuropathic bowel and anorectal 
malformation were analyzed separately, partial and 
full success rates were 75% and 70%, respectively. 
Curry and Malone!® reported on a survey of MACEs 
performed by members of the British Association of 
Paediatric Surgeons (BAPS), in which 300 cases were 
identified and the success rates were dependent on the 
original diagnosis (Table 58.1). 

The overall success rate, including full and partial 
success, for this large national series was 69%. It is 
also interesting to note that complication rates were 
lower than in earlier historical series. In particular, the 
stomal stenosis rate was down to 30%. 

Shankar et al’? assessed the results of 40 patients 
who had an ACE more objectively by using a quality 


Table 58.1 The MACE: success and failure based on 
original diagnosis 


Diagnosis Full Partial Failure 
success (%) success (%) (%) 
Spina bifida 63 21 16 
Anorectal 72 17 11 
Hirschsprung’s 82 9 9 
disease 
Constipation 52 10 38 
Other 44 25 31 
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of life improvement (QOLI) score. A score of 5 
denoted a perfect result, and the mean score for all 
patients was 3.5. They found the score to be signifi- 
cantly lower in wheelchair-dependent patients with 
spinal dysraphism (2.5) than in all other mobile 
patients (4). More recently, Aksnes et al?* reported 
important improvements in self-esteem and psy- 
chosocial function in 20 patients with myelomeningo- 
cele 6 months after a MACE procedure. By using 
these objective measurements, the MACE has been 
shown to be successful. 

Finally, it is valuable to assess those patients under- 
going synchronous bladder reconstruction and 
MACE procedures. Wedderburn et al? reported fecal 
and urinary continence in 76% of 46 patients under- 
going synchronous procedures but the rate of revision 
surgery was high. Kajbafzadeh and Chubak*+ 
reported similarly good results for synchronous 
surgery, with all of their 40 patients being clean and 
dry and an overall 7.5% complication rate. 


Conclusions 


Despite the relatively high complication rates, the 
MACE offers almost 80% of patients with neuro- 
pathic bowel and anorectal malformation a chance to 
be clean. When successful, it transforms patients’ 
lives, and it does not interfere with the final option of 
a colostomy should that become necessary. No 
patient should undergo lower urinary tract recon- 
struction without a complete bowel assessment, and if 
necessary, a simultaneous MACE should be carried 
out. A simultaneous procedure does not jeopardise 
the success of either individual component and 
double continence rates range from 76 to 100%. The 
reconstructive urologist is the best person to manage 
the bowel, as the operative techniques involved are 
those routinely employed in lower urinary recon- 
struction. Furthermore, the infrastructure should be 
in place for meticulous follow-up. This combined 
approach should enhance the quality of life for these 
unfortunate patients. 


References 


1. Malone PS. The management of bowel problems in chil- 
dren with urological disease. Br J Urol 1995; 76:220-5. 

2. Wedderburn A, Lee RS, Denny A et al. Synchronous 
bladder reconstruction and antegrade continence enema. 
J Urol 2001; 165:2392-3. 

3. Koyle MA, Waxman SW, Duque M et al. Applications 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17; 


18. 


19. 


20. 


21. 


and modification of the Malone antegrade continence 
enema for neurogenic and structural fecal incontinence 
and constipation. J Urol 1995; 154:759-61. 

Malone PS, Wheeler RA, Williams JE. Continence in 
patients with spina bifida: long term results. Arch Dis 
Child 1994; 70:107-10. 

Holschneider AM. Function of the sphincters in anorec- 
tal malformations and postoperative evaluation. In: 
Stephens FD, Smith ED, eds. Anorectal Malformations in 
Children: An Update, Vol 24. New York: Birth Defects 
Foundation, 1998; 425-45. 

Sheldon C, Cormier M, Crone K, Wacksman J. Occult 
neurovesical dysfunction in children with imperforate 
anus and its variants. J Pediatr Surg 1991; 26:49-54. 
Malone PS, Ransley PG, Kiely EM. The antegrade conti- 
nence enema: preliminary report. Lancet 1990; 
336:1217-18. 

Squire R, Kiely EM, Carr B, Ransley PG, Duffy PG. The 
clinical application of the Malone antegrade colonic 
enema. J Pediatr Surg 1993; 28:1012-15. 

Griffiths DM, Malone PS. The Malone antegrade conti- 
nence enema. J Pediatr Surg 1995; 30:68-71. 

Toogood GJ, Bryant PA, Dudley NE. Control of faecal 
incontinence using the Malone antegrade continence 
enema procedure: a critical appraisal. Pediatr Surg Int 
1995; 10:37-9. 

Dick AC, McCallion WA, Brown S, Boston VE. Ante- 
grade colonic enemas. Br J Surg 1996; 83:642-3. 
Gerharz EW, Vik V, Webb G, Woodhouse CR. The in 
situ appendix in the Malone antegrade continence enema 
procedure for faecal incontinence. Br J Urol 1997; 
79:985-6. 

Malone PS. The Malone procedure for antegrade conti- 
nence enema. In: Spitz L, Coran A, eds. Rob & Smith’s 
Operative Surgery, Pediatric Surgery. London: Chapman 
and Hall, 1995; 459-67. 

Curry JL, Osborne A, Malone PS. How to achieve a suc- 
cessful Malone antegrade continence enema. J Pediatr 
Surg 1998; 33:138-41. 

Curry JL, Osborne A, Malone PS. The MACE procedure: 
experience in the United Kingdom. J Pediatr Surg 1997; 
34:338-40. 

Kokoska ER, Keller MS, Weber TR. Outcome of the 
antegrade colonic enema procedure in children with 
chronic constipation. Am J Surg 2001; 182:625-9. 
Webb HW, Barraza MA, Crump JM. Laparoscopic 
appendicostomy for management of fecal incontinence. 
J Pediatr Surg 1997; 32:457-8. 

Kiely EM, Ade-Ajayi N, Wheeler RA. Caecal flap conduit 
for antegrade continence enemas. Br J Surg 1994; 
81:1215. 

Monti PR, Lara RC, Dutra MA, de Carvalho JR. New 
techniques for construction of efferent conduits based on 
the Mitrofanoff principle. Urology 1997; 49:112-15. 
Sugarman ID, Malone PS, Terry TR, Koyle MA. Trans- 
versely tubularized ileal segments for the Mitrofanoff or 
Malone antegrade continence enema procedures: the 
Monti principle. Br J Urol 1998; 81:253-6. 

Shandling B, Chait PG, Richards HF. Percutaneous 
cecostomy: a new technique in the management of fecal 
incontinence. J Pediatr Surg 1996; 31:534-7. 


956 Clinical pediatric urology 
22. Chait PG, Shandling B, Richards HF. The cecostomy 29. McAndrew HF, Malone PS. Continent catheterizable 
button. J Pediatr Surg 1997; 32:849-51. conduits which stoma, which conduit and which reser- 
23. Fonkalsrud EW, Dunn JC, Kawaguchi AE. Simplified voir? BJU Int 2002; 89:86-9. 
technique for antegrade continence enemas for fecal 30. Barqawi A, deValdenebro M, Furness PD 3rd, Koyle 
retention and incontinence. J Am Coll Surg 1998; MA. Lessons learned from stomal complications in chil- 
187:457-60. dren with cutaneous catheterizable continent stomas. 
24. Mouriquand P, Mure PY, Feyaerts A et al. The left BJU Int 2004; 94:1344-47. 
Monti-Malone. BJU Int 2000; 85(suppl):65. 31. Hunter MF, Ashton MR, Roberts JP et al. Hyperphos- 
25. Liloku RB, Mure PY, Braga L et al. The left Monti- phataemia following enemas in childhood: prevention 
Malone procedure: preliminary results in seven cases. and treatment. Arch Dis Child 1993; 68:233-34. 
J Pediatr Surg 2002; 37:228-31. 32. Shankar KR, Losty PD, Kenny SE et al. Functional 
26. Churchill BM, De Ugarte DA, Atkinson JB. Left-colon results following the antegrade continence enema proce- 
antegrade continence enema (LACE) procedure for fecal dure. Br J Surg 1998; 85:980-2. 
incontinence. J Pediatr Surg 2003; 38:1778-80. 33. Aksnes G, Diseth TH, Helseth A et al. Appendicostomy 
27. Roberts JP, Moon S, Malone PS. Treatment of neuro- for antegrade enema: effects on somatic and psychosocial 
pathic urinary and faecal incontinence with synchronous functioning in children with myelomeningocele. Pedi- 
bladder reconstruction and the antegrade continence atrics 2002; 109:484-9. 
enema procedure. Br J Urol 1995; 75:386-9. 34. Kajbafzadeh AM, Chubak N. Simultaneous Malone ante- 
28. Malone PSJ, Curry JI, Osborne A. The antegrade conti- grade continent enema and Mitrofanoff principle using 


nence enema procedure why, when and how? World J 
Urol 1999; 16:274-8. 


the divided appendix: report of a new technique for pre- 
vention of stoma complications. J Urol 2001; 
165:2404-9. 


Minimally invasive approaches to 


59 


lower urinary tract reconstruction 
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Introduction 


In the past 30 years, minimally invasive surgery in 
pediatric urology has evolved from simple diagnostic 
procedures to a method for performing complex 
reconstructive surgery. The goals of laparoscopy are 
to maintain the principles of open procedures while 
minimizing morbidity for the patient. This chapter 
discusses the indications, techniques, and outcomes 
for minimally invasive lower urinary tract reconstruc- 
tion. 


Principles of bladder reconstruction 


Pediatric bladder reconstruction is commonly indi- 
cated for patients with neurogenic or non-neurogenic 
voiding dysfunction associated with high pressures or 
low volume. In order to protect the upper tracts from 
damage, and to enhance or enable urinary continence, 
surgery is sometimes necessary to enlarge the bladder 
and lower the filling pressures. In addition, surgery is 
sometimes necessary to enhance outlet resistance and 
provide for methods of emptying. 

Bladder enlargement may be achieved with or with- 
out the use of bowel segments. If a bowel segment is 
needed, it is detubularized and reconfigured to mini- 
mize internal contractions and maximize volume.! 
When the circular muscle fibers are divided in a lon- 
gitudinal fashion, the source for the strongest genera- 
tion of contractions is stopped. Theoretically, 
detubularization doubles the volume of the original 
segment. Although studies have shown the detubular- 
ized segments ultimately retain some internal contrac- 
tions, detubularization is the best method available to 
decrease its frequency and strength.* 

Emptying the bladder regularly will reduce the risk 
of infections and protect renal function. Emptying 


may be through voiding or may require intermittent 
catheterization. Catheterization may be achieved 
through the native urethra or a constructed Mitro- 
fanoff or Monti continent stoma.” If bladder outlet 
resistance is low, this can be treated with bladder neck 
reconstruction, insertion of an artificial sphincter, 
placement of a periurethral sling, or bladder neck clo- 
sure. 


Benefits of laparoscopic reconstruction 


By creating a continent system, bladder reconstruc- 
tion allows the patient more independence and better 
quality of life. Traditionally, the only way to access 
appendix, small bowel, stomach, colon, as well as 
other pelvic organs was by making a long midline 
incision.©” Laparoscopic assistance allows the same 
access and manipulation through 5 mm ports and a 
lower midline or Pfannenstiel incision. 

The number of visible scars has been shown to 
inversely correlate with pediatric patients’ level of 
happiness and satisfaction.® In addition, scars associ- 
ated with reconstructive surgery have been associated 
with lower self-esteem and poor body image.” It is 
reasonable to consider that these associations and out- 
comes are even greater in the pediatric and adolescent 
populations. Not only surgical scars but also the 
appearance of stomas can have an impact. The devel- 
opment of a concealed umbilical stoma is a major step 
towards improving body image,!° as well as decreas- 
ing the likelihood of stomal stenosis.” 

Laparoscopy is associated with decreased morbidity 
and improved cosmesis. The outcomes in pediatrics 
have mirrored the outcomes in adults. The use of 
laparoscopy has been associated with lower narcotic 
requirements, shorter hospital stays, and quicker 
return to normal activities. In addition, and perhaps 
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more important to long-term health, it has been 
shown that fewer adhesions develop after laparo- 
scopic surgery compared with open surgery.!?-4 

Most minimally invasive bladder reconstruction 
falls into one of three categories: laparoscopic auto- 
augmentation, laparoscopic enterocystoplasty, and 
laparoscopic-assisted bladder reconstruction. This 
chapter reviews the principles, techniques, and out- 
comes of these surgeries. 


Indications and contraindications 


The primary indications for bladder reconstruction in 
children are to improve bladder filling pressures, 
improve urinary continence, or reduce the incidence 
of urinary tract infections. Candidates usually have 
reduced bladder capacity, poor bladder compliance, 
and/or uninhibited detrusor contractions. Current 
options for bladder expansion include autoaugmenta- 
tion, ureterocystoplasty, and enterocystoplasty. 

As with open reconstruction, some contraindica- 
tions for laparoscopic bladder reconstruction are 
uncorrected coagulopathy, poor patient compliance, 
or the patient’s inability to perform clean intermittent 
catheterization. Relative contraindications for laparo- 
scopic bladder reconstruction are short gut syndrome, 
severe inflammatory disease of the bowel or bladder 
(e.g. inflammatory bowel disease, bacterial cystitis), 
multiple open abdominal procedures, or prior radia- 
tion therapy with significant intra-abdominal adhe- 
sions. 

Neither a history of previous abdominal surgery 
nor the use of peritoneal dialysis are contraindications 
for laparoscopic bladder reconstruction. In addition, 
it is safe to perform laparoscopic surgery in patients 
with an existing ventriculoperitoneal shunt.!5 


Preoperative evaluation 


Preoperative evaluation is similar to screening for 
open bladder reconstruction. All patients undergo 
complete urodynamic evaluation to assess bladder 
capacity, bladder compliance, and Valsalva leak point 
pressure. In addition, patients undergo a voiding cys- 
tourethrogram to assess for vesicoureteral reflux. In 
children with hydronephrosis, concominant uretero- 
pelvic or ureterovesical junction obstruction must also 
be ruled out. Existing renal function is assessed with 
a measurement of serum creatinine level and possibly 
a nuclear renal scan. 


Patients must be prepared to perform clean inter- 
mittent catheterization. This may be done through a 
new catheterizable stoma, a newly reconstructed blad- 
der neck, or through the native urethra. It is not 
uncommon to require that the patient and family 
comply with a preoperative routine of regular 
catheterizations which may be over a few weeks or 
even a few months. 

Other considerations include the possible need for 
bowel continence mechanisms. If a Malone antegrade 
continence enema (MACE) is needed, it should be 
accomplished at the same time.!° 


Laparoscopic bladder 
autoaugmentation 


The concept of bladder autoaugmentation was first 
described in 1989 as an alternative method of 
increasing capacity.!7 Since then, laparoscopic 
bladder autoaugmentation (LBAA) has been 
described through a transperitoneal and extra- 
peritoneal approach. 


Transperitoneal approach 


The first transperitoneal laparoscopic bladder aug- 
mentation in a child was described in 1993. This was 
a case report of an 8-year-old boy who underwent an 
LBAA in 75 minutes. His initial outcomes looked 
favorable.!8 

In 1998, a case series in children was reported by 
Braren and Bishop.!? Seven children had a laparo- 
scopic autoaugmentation performed. Age range was 
7-15 years old (with a mean age of 10 years 8 
months). These were approached through the peri- 
toneal cavity. 

A 5 mm trocar was placed at the umbilicus. This 
can be done with either an open or a needle approach. 
Two 5 mm working ports were placed in the left and 
right lower quadrants. Using direct visualization, 
both ports were placed lateral to the inferior epigas- 
tric vessels (Figure 59.1). 

The peritoneum overlying the bladder was divided. 
An elliptical incision is used to wedge out a segment 
of detrusor muscle while leaving the mucosa intact 
(Figure 59.2). Using an endoshears or harmonic 
scapel, a plane was created between the detrusor 
muscle and mucosa. The bladder was filled with 
normal saline to assess the size of the created divertic- 
ulum and to assess for any leakage. 

Operative time ranged from 55 to 93 minutes. Two 
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Figure 59.1 Three 5 mm trocars are placed. A camera 
port is located at the umbilicus. Two working ports are 
placed in the lower quadrants, lateral to the inferior epi- 
gastric vessels. (Reproduced from Braren and 
Bishop,’ with permission.) 


Figure 59.2 The detrusor muscle is divided in an ellip- 
tical fashion, leaving the underlying mucosa intact. 
(Reproduced from Braren and Bishop,’ with permis- 
sion.) 


patients sustained a bladder perforation that was 
repaired at the time of autoaugmentation. Postopera- 
tively, patients had a Foley catheter in place between 
48 hours and 1 week. No patient required reinsertion 
of the Foley catheter or intermittent catherization. No 
patient went into retention. The majority of patients 
were sent home the same day of the procedure. 
Patients were followed between 10 months and 4 
years. Bladder capacity increased from 55 to 95% of 
the original volume. Six patients achieved complete 
dryness. Time needed to achieve dryness varied from 
immediate to 6 weeks postoperatively. The average 
time to dryness was 3.5 weeks. The one patient with 


incomplete dryness did improve from several acci- 
dents per day to twice a week. Patients who achieved 
complete dryness were weaned off their anticholiner- 
gic medications. In addition, they were taken off their 
antibiotic suppression 1 month postoperatively.!? 

Cost analysis showed no significant difference 
between laparoscopic and open bladder autoaugmen- 
tation. Although it was not objectively measured, the 
return to normal activities was quicker for the laparo- 
scopic group. 


Extraperitoneal approach 


Only one case of a preperitoneal laparoscopic bladder 
autoaugmentation has been reported. This was per- 
formed in a 26-year-old female. 

To begin, cystoscopy was performed and ureteral 
catheters were placed bilaterally. The patient was 
placed supine with both legs abducted. A skin and fas- 
cial incision was made in the midline between the 
pubic symphysis and umbilicus. Dissection was 
started under the anterior fascia and along the poste- 
rior pubic symphysis. The dissection was continued 
with a homemade balloon dilator. 

A laparoscopic port was then placed through this 
incision and a 30° scope was used through that port. 
A 12 mm port was placed on the lateral aspect of the 
rectus abdominis muscle along the same horizontal 
plane as the camera port. Also along the same hori- 
zontal plane, a 5 mm port was placed on the lateral 
border of the right rectus abdominis muscle. Another 
5 mm port was placed along the lateral border of the 
rectus abdominis muscle and approximately 2 cm 
above the symphysis pubis. The 12 mm size is needed 
for a laparoscopic clip applier. 

Dissection of the bladder from its anterior sur- 
rounding fatty tissue was accomplished with electro- 
cautery. Dissection was carried laterally and along the 
dome. A balloon catheter filled the bladder during the 
dissection of the detrusor muscle and mucosa. Detru- 
sor flaps were freed laterally so they could reach 
Cooper’s ligament, where each side was tacked down 
with interrupted sutures. 

The operation lasted 6.5 hours and had an esti- 
mated blood loss of 75 ml. The patient was dis- 
charged on postoperative day 2 with both catheters 
and ureteral stents in place. One catheter was left in 
place for 1 month before no leakage was confirmed 
on cystogram. Initially, the patient required intermit- 
tent self-catheterization and later voided by Valsalva 
technique every 3 hours. At 9-week and 6-month 
follow-up, the patient was dry in the day and night.?° 
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Laser laparoscopic bladder 
autoaugmentation 


Delayed bladder rupture after bladder autoaugmenta- 
tion has been reported. One theory was that using a 
different energy source, such as a laser, would cause 
less thermal injury to the mucosa. It was hypothesized 
that electrocautery may cause a spark gap injury that 
may contribute to mucosal necrosis. 

This technique was first described in a canine 
model. Using a transperitoneal approach, nine 
canines underwent a midline bladder seromyotomy. 
Initial follow-up urodynamics at 6 weeks showed a 
45% increase in bladder capacity and a 67% increase 
in bladder compliance. However, the follow-up at 3 
months was less impressive. Compared with the start- 
ing baseline, there was a 5.3% increase in bladder 
capacity and a 13.9% increase in compliance. 
Although the technique was easily feasible in canines, 
neither of these later results was statistically signifi- 
cant.2! 

Poppas et al then described a similar technique used 
in two pediatric patients. Both patients underwent a 
mechanical bowel preparation in preparation for a 
possible open enterocystoplasty if any difficulty with 
laparoscopy was encountered. Both patients had ven- 
triculoperitoneal shunts and had intraoperative pres- 
sures measured continuously. Using an open 
technique, a 10 mm laparoscopic port was placed in 
an infraumbilical incision and 5 mm working ports 
were placed in the upper quadrants (one in the right 
and two in the left). A 532 nm potassium titanyl 
phosphete (KTP) laser was used through a 600 um 
fiber. This was done through a 5 mm port. The laser 
was used to incise the peritoneum overlying the blad- 
der. The detrusor muscle was then mobilized bluntly 
and the mucosa was easily visualized secondary to 
instilled methylene blue. 

Each procedure lasted approximately 90 minutes. 
No intraoperative mucosal perforations occurred. 
Both patients began intermittent catheterization on 
postoperative day 1 and both patients were dis- 
charged on postoperative day 2. Initial results were 
favorable, with no leakage and decreased detrusor 
peak pressure. However, at 4-month follow-up, there 
was urinary leakage between catheterizations and 
detrusor pressures >40 cmH,O. Ultimately, both 
patients underwent enterocystoplasty. At the time of 
that procedure, there was a thickened covering over 
the area of autoaugmentation. Pathology revealed 
mucosa with chronic inflammation but no muscular 


tissue.?2 


Although autoaugmentation is an ideal procedure 
for adaptation to a minimally invasive approach, 
long-term results have, in general, not been favorable. 
Nonetheless, this technique can be considered when 
the main goal is either improved compliance or 
decreased uninhibited contractions in a patient who 
already has adequate volume. 


Laparoscopic enterocystoplasty 


Enterocystoplasty remains a commonly used tech- 
nique for increasing bladder capacity. Classically, this 
is performed through an open laparotomy. First 
described in a canine model in 1888, it was then 
demonstrated in a clinical report in 1899.23 As time 
has progressed, modifications have been made to 
improve operative technique and postoperative out- 
comes. 

In the past 10 years we have seen the introduction 
of laparoscopy to assist in enterocystoplasty. The ini- 
tial attempts at a purely laparoscopic technique were 
hampered by long operative times and limited clinical 
outcomes. 


Laparoscopic gastric augmentation 


The first laparoscopic enterocystoplasty in an adult or 
child was a gastrocystoplasty that took place in 
1994.10 To begin, three 12 mm ports were placed. 
The camera port was placed through a supraumbilical 
incision. Two working ports were placed near the 
level of the umbilicus in the anterior axillary line. This 
access allowed manipulation within the pelvis as well 
as the upper abdomen (Figure 59.3). 

The dissection began by separating the bladder 
from the anterior abdominal wall. This dissection was 
taken caudally to the level of the urethra. Next, the 
greater omentum was separated and the right epiploic 
vessels were divided from the greater curvature. This 
division was performed using small clips close to the 
wall of the stomach 

A fourth 12 mm port was placed in the mid-epigas- 
trium close to the pubic tubercle. A series of firings of 
a gastrointestinal stapler (Endo-GIA stapler, US 
Surgical Corporation, Norwalk, Connecticut) were 
used to resect a segment of the stomach (Figure 59.4). 
A 20 cm segment of stomach was isolated for the aug- 
mentation. This segment accounted for approximately 
one-third of the surface area of the stomach. The staple 
line of the stomach was oversewn with a 3-0 Vicryl 
suture in a running fashion. The bladder was then 
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Camera, 
attached to 
robotic arm 


Figure 59.3 A camera is placed through the umbilicus. 
Two working ports are placed along the anterior axil- 
lary line. Positioning the working ports near the height 
of the umbilicus allows access into the upper abdomen 
and low in the pelvis. (Reproduced from Docimo et 
al,24 with permission.) 


Staple line, 
Endo-GIA 


Endo-GIA 
stapler 


Stomach 
Lesser Right gastroepiploic 
sac pedicle 


Figure 59.4 The gastric segment is isolated using mul- 
tiple firing of an Endo-GIA stapler. (Reproduced from 
Docimo et al,24 with permission.) 


opened to the level of the urethra. The isolated gastric 
segment was sewn to the open bladder after the staple 
line had been removed: this was started posteriorly 
and then moved anteriorly. Similar to the gastric seg- 
ment, the anastomosis of the augmentation was com- 
pleted with a 3-0 Vicryl suture in a running fashion. 
To assist in the anastomosis, an Endo Stitch autosu- 
turing device (Auto Suture Company, Norwalk, Con- 
necticut) was used (see Figure 59.4.) 


Due to incompetent bladder resistance, a modified 
Gittes bladder neck suspension was also performed. 
With the laparoscopic view, the bladder neck was 
visualized as it was suspended behind the posterior 
pubis. At the end of the procedure, a suprapubic 
catheter and an extravesical suction drain were placed. 
Operative time was close to 11 hours with no intra- 
operative complications. 

Postoperatively, the patient was tolerating regular 
food on postoperative day 4. An external drain was 
required for 13 days until a urine leak sealed over. 
Because of social concerns, the patient was not dis- 
charged until the drain was removed. However, at the 
time of discharge, the patient resumed normal activities. 

The early outcomes from this case report were 
favorable. The bladder capacity doubled from 150 ml 
to 315 ml. The patient was dry on intermittent 
catheterization every 4 hours.!° 


Laparoscopic ileal augmentation 


There are limited reports of ileal enterocystoplasty 
using a completely laparoscopic approach. Meng et 
al? described this technique in a 31-year-old para- 
plegic female: five laparoscopic ports were used in a 
transperitoneal fashion. A gastrointestinal anasto- 
motic stapler was used to divide the ileal segment and 
restore bowel continuity (Figure 59.5). The mesen- 
tery was incised using ultrasonic coagulating shears 
(Ethicon, Cincinnati, Ohio). Electrocautery was used 
to remove the stapled ends of the isolated segment 
and to open the segment on its antimesenteric side. 
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Figure 59.5 A gastrointestinal stapler can be used to 
divide the bowel segment. In addition, it may be used 
to perform the enteroenterostomy. (Reproduced from 
Elliott et al,26 with permission.) 
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Running 3-0 polyglactin sutures were used to config- 
ure the bowel into a U-shape and to suture it to the 
opened bladder. At the end of the anastomosis, the 
bladder was irrigated and noted to have a watertight 
closure. 

The operative time was 9 hours and there were no 
intraoperative complications. Estimated blood loss 
was 100 ml. Postoperatively, the patient had a ure- 
thral catheter and an external Blake drain. On post- 
operative day 3, the patient resumed oral intake and 
had the Blake drain removed. Initial results showed 
an increase in bladder capacity from 85 ml to 400 ml. 
The bowel was returned to the peritoneum and ports 
replaced to re-establish a pneumoperitoneum.”> 

Although cases have been reported, the published 
outcomes are limited. A patient who had undergone 
the same procedure had follow-up at 8 months and 
had a bladder capacity of 550 ml and was continent in 
between catheterizations. But again, long-term out- 
come data are limited.?¢ 

Small case series have been reported of laparoscopic 
enterocystoplasty using a combination of intracorpo- 
real and extracorporeal techniques. The bowel seg- 
ment used included ileum, sigmoid colon, and 
proximal colon.?78 


Technique 


A transperitoneal approach is used with four laparo- 
scopic ports: a 12 mm port at the umbilicus, two 
working ports (5 or 12 mm) at the lateral edge of the 
rectus muscle at the level of the umbilicus, and a 
5mm port at the left anterior superior iliac spine 
(Figure 59.6). If sigmoid colon is used, an additional 
10 mm port may be placed medial to the right ante- 
rior superior iliac spine. 

The isolated bowel segment has to reach the blad- 
der neck without tension and have a definitive arterial 
arcade in its mesentery. A laparoscopic camera is used 
to highlight the vasculature within the mesentery and 
5 mm laparoscopic bowel clamps are placed accord- 
ingly. The umbilical port is widened 2 cm, both cir- 
cumferentially and inferiorly in the midline. The 
chosen segment is delivered outside of the abdomen. 
A total of 15-20 cm of bowel is needed. Using stan- 
dard open methods, the segment is divided and the 
mesentery is closed (Figures 59.7 and 59.8). The 
bowel continuity is restored, keeping the isolated seg- 
ment inferior to the mesentery of the remaining 
bowel. To minimize edema, the bowel segment is 
placed back into the peritoneum before continuing 
further manipulation. 


Figure 59.6 Laparoscopic enterocystoplasty port 
placement: a 12 mm port at the umbilicus, a 5 mm port 
next to the anterior superior iliac spine, and two 5 mm 
ports on the lateral edge of the rectus muscle at the 
level of the umbilicus. (Reproduced from Gill et al,28 
with permission.) 


The isolated bowel segment is divided on its 
antimesenteric side and irrigated with saline. Small 
bowel and sigmoid are refashioned in a U-shape using 
2-0 Vicryl in a side-to-side fashion (see Figure 59.8). 
If a catheterizable stoma is created, the terminal ileum 
is narrowed over a 16 Fr red rubber catheter using a 
gastrointestinal stapler (Endo-GIA stapler). This red 
rubber catheter is secured to the terminal end of 
ileum, which assists in intracorporeal manipulation 
and delivery to the umbilicus. The bowel is returned 
to the peritoneum and ports replaced to re-establish a 
pneumoperitoneum. 

To facilitate the enterovesical anastomosis, the 
bladder is filled with saline and the patient placed in 
the Trendelenburg position. The peritoneum is 
incised from the medial border of the left medial 
umbilical ligament to the right medial umbilical liga- 
ment. A large cystotomy is created by making a curvi- 
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Figure 59.7 The umbilical incision is extended 2 cm 
circumferentially and inferiorly. Through this incision, 
the isolated bowel segment is delivered for resection 
and reanastomosis. (Reproduced from Gill et al,2® with 
permission.) 


Figure 59.8 The bowel segment is refashioned in a U- 
shape before performing the anastomosis. (Repro- 
duced from Rackley and Abdelmalak,?” with 
permission.) 


linear incision, which allows maximal disruption of 
the detrusor muscle (Figure 59.9). The anastomosis 
to the bladder starts posteriorly because starting at the 
anterior can inhibit visualization for the remaining 
anastomosis. A 5 mm laparoscopic needle driver is 
used to perform freehand intracorporeal suturing and 
knot tying. An assistant follows with a 5 mm grasper. 


Figure 59.9 The enterovesical anastomosis is per- 
formed using a laparoscopic needle driver. Starting 
posteriorly, a continuous, full-thickness suture is used. 
(Reproduced from Gill et al,28 with permission.) 


An Endo Stitch device is used to facilitate this step 
(see Figure 59.9). 

If a catheterizable stoma is required, the right colon 
and terminal ileum are utilized. These segments can 
be isolated after incising the peritoneum laterally and 
then mobilizing the segments through an extending 
umbilical incision. In order to manipulate the laparo- 
scopic equipment in the lower ports, it is important 
that the patient be positioned in low lithotomy.?” 


Results 


In the series by Gill et al, all patients had two Jack- 
son—Pratt (JP) drains left in place. These were placed 
through the pre-existing port sites. Operating time 
ranged from 5.3 to 8 hours. Intracorporeal suturing 
took between 1.7 and 2.1 hours. Patients were dis- 
charged between postoperative days 2 and 5. A ure- 
thral catheter was left in place for 1 month and 
removed after a cystogram confirmed no leakage.?8 

The series by Rackley et al had an average operative 
time of 7 hours. Average time for laparoscopic sutur- 
ing was 2.4 hours. The average blood loss was 175 ml. 
The majority of patients resumed oral intake 24 hours 
postoperatively. The average date of discharge was 5.7 
days. The only complication noted was a rectus sheath 
hematoma secondary to port placement. This was rec- 
ognized and corrected laparoscopically.?” 


Laparoscopic-assisted bladder 
reconstruction 


The current state of the art in minimally invasive 
reconstruction is the laparoscopic-assisted approach. 
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The biggest concerns with a purely laparoscopic 
approach are the technical challenges of bowel manip- 
ulation, irrigation, and anastomosis. This can be intri- 
cate and time consuming. In addition to time, 
reconstructive urologists are concerned about the 
technical ability to match the outcomes of open pro- 
cedures. The goal of laparoscopic-assisted surgery is 
to combine the morbidity and cosmetic benefits of 
laparoscopy with the technical precision of open 
reconstruction.?? 

By using laparoscopy, the required bowel segments 
can be isolated and mobilized quickly with small access 
ports. Once the bowel segment is freed, ureter or 
stomach harvested, and omentum mobilized, the more 
precise aspects of the surgery can be performed 
through a small lower abdominal incision. If a bladder 
augmentation is planned without any bladder neck 
reconstruction, ureteral reimplantation, or continent 
stoma, this can often be done simply with a lower 
abdominal incision and no laparoscopy is required. 

The biggest benefit of laparoscopy is the ability to 
quickly mobilize the necessary bowel segments with- 
out the upper aspect of a large abdominal incision. 
Many of the pediatric patients requiring bladder 
reconstruction have an underlying neurologic disor- 
der such as myelomeningocele. These patients often 
have an abnormally rotated cecum and appendix with 
position in the right upper quadrant. °° Although 
challenging to reach through a lower abdominal inci- 
sion, the high cecum can easily be reached with 
laparoscopy. In addition, patients with spina bifida 
may have severe lordosis, which can inhibit the mobi- 
lization of the cecum.*! In addition, laparoscopy can 
easily allow lysis of adhesions that may have devel- 
oped because of prior surgeries or long-term ven- 
triculoperitoneal shunts. The presence of a shunt is 
not a contraindication to laparoscopic surgery.!5 

Once the needed segments are harvested, a lower 
midline or Pfannenstiel incision is used to mobilize 
the bladder and bladder neck and to assemble the 
anastomosis. The lower abdominal incision may 
incorporate one of the lower abdominal ports as well 
(Figure 59.10). 

The technique allows similar dissection to the open 
technique, with smaller incisions and lower morbid- 
ity, 1032 

Using laparoscopic assistance to create an appendi- 
covesicostomy was first described in 1993.32 Since 
that time, there have been other reports of successful 
laparoscopic bladder reconstructions with creation of 
continent stomas.?®31.33.34 The only large reported 
series is from Docimo and colleagues.*? 
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Figure 59.10 After harvesting the necessary bowel 
segments, the lower working port can be incorporated 
into a Pfannenstiel incision. (Reproduced from Hedican 
et al,29 with permission.) 


Technique 


Preoperatively, the patient undergoes a mechanical 
and antibiotic bowel preparation. Intraoperatively, 
the patient is positioned in low lithotomy to perform 
a cystoscopy. If there is no active cystitis, the patient 
is repositioned supine. If a concominant nephrectomy 
or ureterocystoplasty is anticipated, the patient may 
be positioned in a modified flank position. The 
patient is padded with foam and gel pads to protect 
any pressure points. In addition, the patient is secured 
to the table to allow repositioning with steep Trende- 
lenburg and lateral rotation as needed. 

Intravenous antibiotics are given to cover Gram- 
positive and Gram-negative bacteria. After induction 
of general anesthesia, a nasogastric tube is placed. If 
possible, an epidural catheter is also placed. 

The first step is to obtain peritoneal access. If a con- 
cealed umbilical stoma is anticipated, a U-shaped flap 
is created on the lower umbilicus.!! For the purposes 
of achieving a straight stoma, the fascia inferior to the 
umbilicus is opened and the peritoneum entered 
under direct vision. A radially dilating trocar sleeve is 
inserted into the peritoneum, and dilated using the 
trocar insert. This should be 10 or 12 mm in size to 
allow easy passage of the stomal segment without cre- 
ating too large a defect, which would risk parastomal 
herniation. 
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Figure 59.11 After incorporating the lower port into a 
Pfannenstiel incision, the visible scars are minimized. 
Here the umbilical port site was used for the continent 
stoma and the lower port healed within the Pfannen- 
stiel scar. (Reproduced from Chung et al,3% with per- 
mission.) 


Placement of the working ports depends on the 
type of repair planned and the bowel segments 
needed. Most commonly, two working ports are 
used. A 3 or 5 mm epigastric port is placed between 
the umbilicus and the xyphoid. An additional port in 
the lower abdomen can be of variable size because it 
will be incorporated into the abdominal incision 
(Figure 59.11). If an additional stoma is created (i.e. 
ACE), another U-shaped incision is made in the right 
lower quadrant and a 10 mm port placed at this site. 

Laparoscopy is for bowel manipulation, lysis of 
adhesions, performing nephrectomies, harvesting 
ureter, and harvesting omentum. 

If appendix is needed, the right colon is mobilized 
until the appendix can reach the lower abdominal 
incision. Through the open incision, the appendix can 
be divided from the cecum. An alternative is to isolate 
and divide the appendix using an Endo-GIA stapler. 
If this approach is chosen, care must be taken to avoid 
disruption of the mesoappendix (Figure 59.12). If 
laparoscopic examination reveals an appendix in the 
deep pelvis, easily accessed through a Pfannenstiel 
incision, further laparoscopic dissection is not neces- 
sary. 

After the laparoscopic portion of the procedure is 
completed, a 4-5 cm Pfannenstiel incision is made. 
This can incorporate the lower working port (see 
Figure 59.12). To minimize bowel manipulation, the 
peritoneum is left intact and any bladder work is 


Figure 59.12 The majority of bowel manipulation can 
be done through a lower midline or Pfannenstiel inci- 
sion. (Reproduced from Chung et al,33 with permis- 
sion.) 


completed first. This may include bladder neck divi- 
sion or reconstruction, ureteral reimplantation, and 
cystolitholapaxy. The next step is opening the blad- 
der, implanting the continent stomal segment, and 
creating the anastomosis to the augment. All stomas 
are matured to the skin and any redundancy is 
addressed to allow easy catheterization. The bladder 
stoma is spatulated dorsally and then secured to the 
U-shaped flap. This helps conceal the stoma and 
reduce the chance of stenosis. The entry site of the 
stoma to the bladder is secured to the anterior 
abdominal wall to decrease the likelihood of eventual 
tortuosity and difficulty with catheterization. 
Postoperatively, most patients are left with a naso- 
gastric tube, suprapubic tube, and a 10 Fr stomal 
catheter. Drains are rarely used. The stomal catheter 
is secured to the skin with the balloon deflated to 
avoid excess tension on the continence mechanism. 


Results 


Laparoscopic-assisted bladder reconstruction allows 
patients to resume a normal diet faster and leave the 
hospital earlier. These outcomes exist without an 
increase in operative time or perioperative complica- 
tions.2%.35 

The only large series of minimally invasive bladder 
reconstruction is the Pittsburgh series reported by the 
Docimo group in 2004. This series consisted of 31 
patients with a mean age of 14 years: 29 of 31 
patients had at least one stoma created; 10 patients 
had both a Mitrofanoff and an ACE stoma created; 
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19 patients had additional procedures performed (e.g. 
fascial sling, bladder neck reconstruction, revision of 
epispadias, ureteral reimplantation, and revision of 
orchidopexy). 

Mean hospital stay was 6 days. Mean follow-up was 
32 months. Of all stomas, 94.9% were continent of 
either urine or stool and easy to catheterize. Improved 
compliance and capacity were maintained at last 
follow-up. There were no late bowel obstructions or 
other sequelae of problematic adhesion formation. 
Stomal stenosis occurred in 5.1% of patients, 7.7% 
required stomal revision secondary to incontinence or 
difficulty with catheterization, and minor procedures 
were required in 25.6% of stomas. 

Complications occurred in five patients, including 
ileus, partial small bowel obstruction, delayed bladder 
perforation, deep vein thrombosis, and wound infec- 


tion.34 


Conclusions 


Minimally invasive bladder reconstruction has 
become our standard approach. The outcomes match 
or exceed those of open operations with recovery and 
cosmetic benefits. Long-term benefits of decreased 
intra-abdominal adhesions will be hard to measure, 
but may be the most important reason to continue to 
pursue these techniques. Further advances may allow 
purely laparoscopic techniques to achieve a more 
prominent role, but complex reconstruction will 
probably remain too time consuming for the near 
future. The ability of reconstructive surgeons to 
achieve consistent results depends on the precision of 
reconstructive techniques. Perhaps robotics and other 
advances will eventually allow performance of even 
complex operations with equivalent outcomes. For 
now, laparoscopic-assisted reconstruction is the only 
minimally invasive technique with well-documented 
outcomes, and should be considered the state of the 
art. One thing that is certain: in this era, there is no 
need for a large abdominal incision in the majority of 
children who require bladder reconstruction. 
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Introduction 


Rhabdomyosarcoma (RMS) is the most common 
soft tissue sarcoma in children under 15 years of age. 
After neuroblastoma and Wilms’ tumor, it is the third 
most common childhood extracranial solid tumor, 
and accounts for 60%! of all childhood sarcomas and 
10-15% of all solid pediatric tumors. Approximately 
25% of these tumors arise from the genitourinary 
(GU) tract and another 10% from pelvic or retroperi- 
toneal sites.27~* Nearly 75% of genitourinary RMS 
cases are diagnosed before the age of 5 years, with a 
3.3:1 male predominance. Since its discovery by 
Weber in 1854, the clinical and pathologic features of 
RMS have been studied extensively, thus permitting 
the development of uniform diagnostic criteria and 
prognostically relevant staging systems." 

RMS is by definition a sarcoma showing evidence 
of skeletal muscle differentiation and can occur in sites 
where skeletal muscle is not found, suggesting that it 
is a tumor of primitive mesenchymal skeletal muscle 
differentiation. RMS has two large peaks of inci- 
dence: the first, which accounts for more than 50% of 
cases, occurs in the first decade and is mainly embry- 
onal (ERMS) or botryoid RMS (BRMS); the second, 
which occurs during adolescence, consists of alveolar 
RMS (ARMS).” 

The histopathologic variants of RMS (embryonal, 
botryoid, and alveolar) pursue different biologic 
courses. ERMS tends to occur in the head and neck 
and GU system and the majority of patients survive 
beyond 5 years. ARMS is often seen in the extremi- 
ties and metastasizes early with only a small number 
of patients surviving beyond 5 years.8 

The cure rate for patients with RMS has improved 
significantly over the past 25 years, from an estimated 
25% in 1970 to 70% in 1995.°?:!9 This improvement 
is credited to the use of increasingly effective multi- 
modal, risk-adapted therapy, refinement in tumor 


grouping, better diagnostic imaging, and better sup- 
portive care. Emerging information on the numerical 
and structural abnormalities of tumor cell chromo- 
somes and the development of probes that can be 
used to identify molecular genetic lesions has led to 
improved diagnostic methods and has afforded new 
insights into the pathogenesis of this tumor. Knowl- 
edge of the genetic features of these tumors will sig- 
nificantly improve the ability to identify patients at 
lower or higher risk of treatment failure, thus paving 
the way for advances in risk-based therapy. 


Epidemiology 


RMS may be associated with congenital anomalies, 
including the central nervous system, and, most fre- 
quently, the GU system. Interestingly, patients with 
RMS are noted to have fewer musculoskeletal anom- 
alies.! 

Neurofibromatosis is the most common syndrome 
in which RMS has been described. From the patients 
enrolled in the Intergroup Rhabdomyosarcoma Study 
IV (IRS IV), the incidence of neurofibromatosis was 
0.5%. Of the five patients with neurofibromatosis 
three had relapses, two of whom died of progressive 
disease. Because of this finding, it is recommended 
that patients with neurofibromatosis and rhab- 
domyosarcoma be treated with intensive contempo- 
rary therapy protocols.'! Costello syndrome is 
associated with an increased risk of solid tumors, the 
most common of which is RMS. Gripp et al recom- 
mended a screening protocol of abdominal/pelvic 
ultrasound every 3-6 months for up to 8-10 years for 
RMS and neuroblastoma.!? Other congenital syn- 
dromes in which RMS is seen are Gorlin’s basal cell 
nevus syndrome, Rubinstein-Taybi syndrome, tri- 
somy 21 syndrome, Beckwith-Wiedemann syndrome 
(BWS), fetal alcohol syndrome, and Li-Fraumeni 
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syndrome. Whereas Wilms’ tumor is the most 
common malignancy associated with BWS, in the first 
7 years of life RMS, adrenocortical carcinoma and 
hepatoblastoma may be seen. 

Li-Fraumeni syndrome is associated with a known 
p53 mutation with autosomal dominant transmission. 
These patients are predisposed to multiple tumors, 
which often retain a normal p53 allele, suggesting an 
alternate additional tumorgenic mechanism is involved 
in p53 inactivation. Malkin et al evaluated two patients 
with multiple tumors in the presence of Li-Fraumeni 
syndrome who had a heterozygous germline p53 muta- 
tion and found that they both were heterozygous for 
p53 mutation, and tumors that they developed, which 
maintained p53 heterozygosity, were noted on 
immunostaining to contain the DNA tumor virus 
SV40. The authors postulate that p53 inactivation by 
viral proteins may contribute to tumor formation in 
these genetically susceptible patients. 13-15 Some concern 
has been raised for an increased risk of breast cancer in 
the mothers of children with soft tissue sarcomas; how- 
ever, this has not been demonstrated by the Interna- 
tional Rhabdomyosarcoma Study Groups (IRSG).1 

Environmental factors associated with RMS 
include ionizing radiation and alklyating agents. The 
increased risk of secondary malignancies in those 
patients with neurofibromatosis and Li-Fraumeni 
syndromes after treatment with alkylating agents and 
radiation therapy for RMS draws a link between the 
likely dual causation of malignancy by genetics and 
environment. It is therefore desirable to limit the use 
of alkylating agents and radiotherapy in these particu- 
lar populations.! 


Molecular and cellular biology 


Somatically acquired genetic changes underlie all 
forms of cancer; however, until recently, the genetic 
characteristics of RMS were largely unknown. With 
improved cytogenetic techniques, it is now clear that 
the chromosomes of this tumor contain both numeri- 
cal and structural abnormalities.!&!8 Recent advances 
in the molecular and cell biology of RMS have helped 
in understanding the pathogenesis of this tumor and 
will aid in its diagnosis, staging, and management. 
RMS appears to develop from a derangement in 
the final steps of myogenic differentiation. Genes of 
the MyoD family are crucial in the early differentiation 
of skeletal muscle precursors. 1°20 These genes express 
DNA-binding proteins that facilitate the production 
of myogenic proteins such as desmin, creatine kinase, 


and myosin. MyoD expression is higher in rhab- 
domyosarcoma cells. Activation of p38 MAP kinase, 
which is required for muscle differentiation, is absent 
in RMS cells.?} Failing to differentiate completely, 
the rhabdomyosarcoma cells continue to produce 
forms of actin seen only transiently in normal-devel- 
oping skeletal muscle cells.22 MyoD1, a recently 
described myogenic regulatory protein, maps on 
chromosome 11p15.4 and is expressed during skele- 
tal muscle development. Steroid receptor coactivator 
SRC-2 is necessary for skeletal muscle differentiation. 
RMS cell lines have demonstrated aberrant transcrip- 
tion factor SRC localization and expression.?4 
Myogenin is a myogenic regulatory protein whose 
expression determines differentiation of primitive mes- 
enchymal cells into skeletal muscle. It is regulated by 
pathways involving p38, calcium—calmodulin-depen- 
dent protein kinase (CaMK), or calcineurin, and its 
expression may be down-regulated with terminal dif- 
ferentiation. The activation of myogenin by CaMK 
and calcineurin pathways fails in RMS cell lines.?4 
Myf6 is an additional transcription factor which is 
useful in differentiating RMS from other sarcomas.! 
MAGE, BAGE, and GAGE are active genes 
expressed in RMS which encode tumor-associated 
antigens and may have therapeutic potential in tumor 
immunotherapy.” The MDM2 protein binds p53 
(tumor suppressor) and deactivates it. It may be seen 
frequently in RMS but not ERMS, and its splice vari- 
ants are present in up to 82% of RMS tumors.?°?8 
MDM2 increased resistance to vincristine, etoposide 
and doxorubicin, but not cisplatin in RMS cell lines.?° 
ARMS may be distinguished from ERMS and 
other tumors on the basis of structural abnormalities. 
Cytogenetic analysis of ARMS tumors revealed a 
translocation involving chromosomes 2 and 13, 
t(2;13)(q35;q14) in 70-80% of cases (Figure 
60.1).°-33 There have also been several reports of a 
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Figure 60.1 Structure of PAX3 on chromosome 2, the 
fork head in rhabdomyosarcoma (FKHR) on chromo- 
some 13, and the fusion product PAX-FKHR of the 
t(2;13) in alveolar rhabdomyosarcoma. PB = paired 
box; HD = homeodomain. 
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t(1;13)(p36;q14) variant translocation, 
single reports of cases with other related alter- 
ations.*7-5.36 The t(2;13) and t(1;13) translocations 
have not been associated with any other tumor and 
appear to be specific markers for ARMS. 

Ina series of mapping experiments, the chromosome 
2 locus disrupted by the t(2;13) was found to be 
PAX3, and translocation breakpoints were localized to 
the final intron of the PAX3 gene.*” This gene is a 
member of the paired box family and encodes a tran- 
scription factor with an N-terminal DNA-binding 
domain containing paired box and homeobox motifs. 
Its presumed function is that of transcriptional regula- 
tion strictly during embryogenesis, important in the 
development of mesenchymal precursors.’ Northern 
analysis of ARMS tumors with 5’ PAX3 probes 
demonstrated a 7.2 kb transcript that is the product of 
the rearranged PAX3 gene located on the derivative 
chromosome 13[der(13)].373?+! Cloning of the corre- 
sponding cDNA revealed a fusion of exons 5’ to the 
t(2;13) breakpoint with a novel sequence from the 
13q14 chromosomal region. A full length cDNA of the 
wild-type chromosome 13 gene was cloned and found 
to be a novel widely expressed member of the fork head 
transcription factor family.4%43 This family is character- 
ized by a conserved DNA-binding motif termed the 
‘fork head’ domain. Based on homology to this family, 
the chromosome 13 gene was named FKHR for ‘fork 
head in rhabdomyosarcoma’. These combined find- 
ings indicate that the t(2;13) results in a chimeric tran- 
script composed of 5’ PAX3 and 3’ FKHR exons (see 
Figure 60.1). The PAX3-FKHR fusion in ARMS is 
characterized by a rearrangement of chromosome 2 
and 13, t(2;13)(q35;q14), in which the PAX3 gene 
within band 2q35 is fused with the FKHR gene within 
band 13q14. Both of the PAX3 DNA-binding regions 
(the paired box and the homeodomain) are retained in 
the fusion gene, whereas the carboxyl-terminal 
sequences are replaced by the bisected fork head DNA- 
binding sequences of FKHR.°“+ In PAX7-FKHR 
fusions, a chromosome 1 locus encoding PAX7,*% 
another member of the paired box family, is rearranged 
and fused to FKHR in the t(1;13) conscript, consist- 
ing of 5’ PAX7 and 3’ FKHR regions, which is very 
similar structurally to the 5’PAX3- 3’FKHR transcript 
formed by the t(2;13) translocation. 4:46 

Assays of expression during embryogenesis demon- 
strate that PAX3 and PAX7 are expressed with spe- 
cific temporal and spatial patterns in early skeletal 
muscle progenitors, the presumed origin of ARMS, 
and in the developing nervous — system.4748 
PAX3-FHKR fusion proteins have been identified to 


interfere with normal embryonic development prior 
to transformation.*? Several putative target genes for 
PAX3 and PAX3-FHKR have been identified, 
including Itm2A, Fath, FLT1, TGFA, BVES, EN2, 
and GLUT4, which all may be involved with PAX3 
regulation during embryogenesis and tumorigene- 
sis.595! In ARMS, studies indicate that the alteration 
of the PAX3 gene by the t(2;13) results in a gain of 
function. These studies are consistent with the 
hypothesis that the t(2;13) activates the oncogenic 
potential of PAX3, by dysregulating or exaggerating 
its normal function in the myogenic lineage. Studies 
indicate that the PAX3-FKHR and PAX7-FKHR 
proteins affect the cellular activities of growth, differ- 
entiation, and apoptosis, and enhance cellular prolif- 
eration and invasion, with the potential to exert 
oncogenic effects through multiple pathways.3#52,53 

PAX-FKHR fusions result in potent transcriptional 
activators.°* FHKR may be overexpressed due to 
increased transcription on the PAX3-FKHR fusion 
protein and with in-vivo amplification of 
PAX7-FKHR. As opposed to FKHR, these fusion 
proteins are resistant to regulation by AKT, altering 
function and increasing expression.*% The PAX7 N- 
terminus has repressor function which inhibits trans- 
activation by its C-terminus and is only partially 
effective at inhibiting the C-terminus of 
PAX7-FKHR. This is similar to the mechanism for 
gain of function with PAX3-FKHR.** PAX3-FKHR 
is capable of inducing myogenin and MyoD. It is also 
associated with up-regulation of Six1, Slug, and Igfbp5, 
which are all genes associated with muscle develop- 
ment and noted to be up-regulated in ARMS.5* 

The matrix metalloproteinases (MMPs) are a family 
of enzymes that degrade extracellular matrix and are 
important in neoplastic cell invasion and metastasis. It 
has been shown that ARMS strongly expresses MMP- 
1, -2, and -9 compared with ERMS. These seem to 
contribute to the more aggressive nature of alveolar 
rhabdomyoblastic cells.55 

PAX3-FHKR has become a potential target for 
ARMS therapy. Repression of PAX3 target genes, 
using PAX3-KRAB fusion proteins in ARMS cell 
lines, has resulted in tumor repression in mice, and 
the engineered repressor approach targeting the genes 
deregulated by PAX3—FHKR may be useful to iden- 
tify target genes critical for ARMS tumorigenesis .5°7 
Insulin-like growth factor-1 (IGF-1) has an impor- 
tant role in muscle development and in the etiology of 
ARMS. PAX3—-FHKR has been shown to transacti- 
vate the IGF-1 receptor gene (IGF-IR) promoter in 
sarcoma cell lines with a higher potency than PAX3.58 
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Sorenson et al determined the PAX3-FKHR/ 
PAX7-FKHR fusion status in 171 patients enrolled 
in IRS IV with reverse transcription polymerase chain 
reaction (RT-PCR). PAX3-FKHR and PAX7- 
FHKR were detected in 55% and 22% of the 78 
patients with alveolar histology, respectively, and 
none with other than ARMS. Fusion status was a 
prognosticator for metastatic but not local disease 
between the two transcripts, with an estimated over- 
all 4-year survival rate of 75% for PAX7-FKHR vs 8% 
for PAX3-FKHR. Failure, death, and bone marrow 
involvement were all significantly increased on multi- 
variate analysis in patients with metastatic disease har- 
boring PAX3-FKHR compared with PAX7- 
FKHR.°*? This corroborated results by Anderson et 
al, who had previously evaluated 91 RMS tumors 
with unequivocal evidence of the presence or absence 
of PAX3/PAX7-FKHR fusion transcripts: 37 had 
PAX3-FHKR, 8 had PAX7-FHKR, and 46 had nei- 
ther. The authors found a statistically significant asso- 
ciation between PAX3-FKHR and higher-stage 
disease and its absence and lower-stage disease (p = 
0.06 when grouping stages 1 and 2 and stages 3 and 
4). PAX7-FKHR transcript numbers were too small 
to reach statistical significance, but stage results were 
similar to the group without a translocation. 
PAX3-FHKR was in statistically significantly older 
children (p = 0.001, median 9 years old) than the 
other two groups (3 and 4 years for PAX7-FHKR 
and no translocation, respectively), whereas transloca- 
tion status was not associated with disease site. 
Among 66 patients with non-metastatic disease, over- 
all and event-free survival were significantly worse in 
the PAX3-FKHR group. Collins et al found that, 
compared with PAX7-FKHR, PAX3-FKHR RMS 
demonstrated greater cell cycle dysregulation, related 
to both increased cell proliferation and apoptosis, and 
concluded that this contributes to the poorer progno- 
sis in the PAX3-FHKR group.°! 

Evaluation of 23 ARMS tumors lacking PAX3- 
FHKR or PAX7—FHKR fusions identified seven 
cases with low expression, atypical presentation of 
standard fusions, or variant fusions with other genes, 
suggesting a genetic heterogeneity in this subset of 
RMS tumors.?9 

ERMS has not been associated with consistent 
chromosomal alterations. Ten percent of ERMS 
demonstrate EWS-ETS fusion anomalies that are 
sometimes seen simultaneously with PAX-FKHR 
fusions.! EWS/ETS is a chimeric protein identified in 
most Ewing’s sarcoma. These are characterized by 
specific chromosomal translocations wherein the 


EWS (Ewing’s sarcoma) gene on chromosome 22 is 
fused to one of the five members of the ETS gene 
family. The ETS family of transcriptional factors is so 
named because the first gene was uncovered in E26 
avian retrovirus. Molecular genetic analyses have 
revealed frequent allelic loss on chromosome 11. 
Loss of heterozygosity (LOH) at chromosome 11 is 
also seen in Wilms’ tumor and hepatoblastoma. This 
genetic feature is not found in ARMS.!8 The smallest 
region of consistent allelic loss in ERMS cases has 
been localized to chromosomal region 11p15.5.° 
The deletion may be detected by cytogenic or loss of 
heterozygosity analysis.38 Alterations in this chromo- 
some region are also noted in BWS and Wilms’ 
tumor.°* Whereas ERMS over ARMS is more com- 
monly associated with BWS, there is a report of three 
cases in the literature where ARMS without 
PAX-FHKR fusion was associated with BWS, with 
two of the cases having an 11p15 defect, suggesting 
that chromosome 11 alterations may play a role in 
this particular subset of ARMS as well as ERMS.° 
Usually, the presence of a consistent region of 
allelic loss suggests the presence of a tumor suppres- 
sor gene that is inactivated in the associated malig- 
nancy. Studies have confirmed the presence of a 
tumor suppressor gene locus in the region previously 
demonstrated to show allelic loss in ERMS.%:67 
Comparing allelic loss pattern in ERMS tumors to 
allelic status of the patients’ parents has revealed that 
ERMS tumors preferentially maintain the paternally 
inherited allele and lose the maternal allele.!”!8 The 
presence of the paternal allele suggests imprinting, the 
process by which individual genes from one parent 
are preferentially expressed over genes from the other. 
Even in close proximity to the genome, two genes can 
be oppositely imprinted, as is the case with the 
insulin-like growth factor-2 gene (IGF-2) vs H19 and 
CDKNIC genes, which all map to chromosome 
11p15.5. The H19 gene product is an RNA molecule 
that is widely expressed during fetal development in 
association with cell differentiation but is apparently 
not translated into a protein product.® It controls the 
IGF-2 gene, and is deactivated in several pediatric 
tumors, including Wilms’ tumor and ERMS.® The 
CDKNIC gene is expressed during development in 
several tissues, including skeletal muscle, and encodes 
a cyclin-dependent kinase inhibitor that negatively 
regulates cell cycle progression by binding to and 
inhibiting the activity of several G1 cyclin/cyclin- 
dependent kinase complexes.”? H19 and CDKNIC 
are preferentially expressed from the maternally inher- 
ited allele and JGF-2 is imprinted in the opposite 
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direction, so that the paternally inherited alleles are 
expressed preferentially.°* Recently, another gene, 
GOK, has been identified at chromosome 11p15.5. 
GOK may act as a tumor-suppressor gene in RMS 
and rhabdoid tumors. It has been shown that GOK is 
not expressed in many RMS cell lines, which contrasts 
with high expression of GOK in skeletal muscle.7! 
Therefore, down-regulation of GOK expression may 
also play a role in the pathogenesis of RMS. STIM-1 
is another gene which maps to 11p15.5 and is a can- 
didate growth suppressor gene with the features of a 
regulatory cell surface phosphoprotein. In RMS cell 
lines, STLM-1 overexpression has resulted in growth 
arrest.’*:75 Results of these allelic loss studies suggest 
that ERMS tumorigenesis frequently involves inacti- 
vation of an imprinted tumor suppressor by allelic 
loss of the maternal active allele and retention of the 
paternally inactive allele. 

In a small study of RMS, CD44, a membrane gly- 
coprotein involved in cell-substrate and cell-cell 
interactions, was identified in 11/20 favorable and 1/7 
unfavorable histology RMS (p = 0.07). Of the 12 
patients with CD44+ve tumors, 11 were alive and in 
first remission, significantly less than 5/15 patients 
with CD44—ve tumors (p = 0.001). In this small 
study, CD44 expression in RMS correlated directly 
with prognosis.”4 

The combined data indicate that RMS tumorigen- 
esis involves a variety of genetic alterations within a 
chromosomal region encompassing several genes. 
Some alterations serve to increase the number of 
active IGE-2 alleles, thereby overexpressing this fetal 
growth factor, whereas other alterations serve to 
mutate or inactivate expression of growth-suppressive 
loci such as H19, CDKNIC, GOK, and STIM-1. 

Although the PAX3/PAX7-FKHR gene fusions 
and allelic loss at chromosome 11p15.5 are the con- 
sistent, and possible defining, genetic alterations in 
ARMS and ERMS, other alterations have also been 
detected. These alterations include both mutations 
that activate proto-oncogenes and mutations that 
inactivate tumor suppressor genes. These additional 
genetic changes indicate that ARMS and ERMS arise 
and evolve by a multistep process. 

Studies of genomic amplification have shown dif- 
ferences between ARMS and ERMS. Using chromo- 
some scanning techniques of comparative genomic 
hybridization, there are frequent examples of whole 
chromosome gains in ERMS involving chromosomes 
2, 7, 8, 11, 12, 13, 17, 18, 19, and 20.7576 Examina- 
tion of ARMS tumors reveals few examples of chro- 
mosomal gains but evidence of amplification in 


almost every sample tested.” In contrast, in a study of 
23 ARMS and 22 ERMS cases, gains and losses of 
chromosomal regions were found to be equally dis- 
tributed between ARMS and ERMS with the excep- 
tion of 7/7 q and 11/11 q gains, which were chiefly 
seen in ERMS. Additionally, amplifications were 
identified in 26% of ARMS and 23% of ERMS, with 
nearly all of the ERMS subset demonstrating anaplas- 
tic features. In 50% of ARMS, amplification of 
chromosomal region 12q13-15 was detected; this 
region contains numerous growth-related genes, 
including MDM2, CDK4, and GLI.” Also, 
MYCN gene amplification has been found in 10 of 40 
ARMS cases and in no ERMS cases.40808? This par- 
ticular amplification may prognosticate a poor out- 
come. Among 15 ARMS patients, lack of MYCN 
amplification was associated with 66% survival com- 
pared with 11% (p <0.05) for those who had it.74 
The locus for IGF-IR, 15q25-26, has been shown to 
be one of the amplicons that may be present in these 
cell lines.7° 

Another group of proto-oncogenes that are geneti- 
cally altered in RMS are members of the Ras gene 
family. Mutations of members of this family (K-ras, N- 
vas, and H-ras) have been detected in some ERMS 
tumors, whereas none were detected in ARMS 
tumors.83-85 Of the tumor suppressor genes, alterations 
of the p53 gene have been most extensively studied in 
RMS. Using immunohistochemical assays of p53 
expression that screen for tumors in which missense 
mutations increase the p53 protein half-life, p53 stain- 
ing was detected in approximately 70% of RMS 
tumors.®687 Diller et al corroborated previous findings 
that 53 germline mutations are seen with increased 
frequency in sporadic cases of RMS and that these 
alterations are almost uniquely seen in children <3 
years of age. The combined results of these studies 
indicate that germline and acquired p53 mutations con- 
tribute to the development of both ERMS and ARMS. 

Other known tumor suppressor loci have also been 
investigated in RMS. A genome-wide screen of 32 
RMS cases revealed several regions of allelic loss in 
addition to the expected 11p15 region.® In at least 
25% of cases the regions showing allelic loss were 6p, 
llq, 14q, 16q, and 18p. The overall frequency of 
allelic loss was lower in ARMS tumors than in ERMS 
tumors, again supporting the view that different mol- 
ecular mechanisms are involved in the development of 
these two RMS subtypes. The DCC gene, initially 
identified as a tumor suppressor gene in colorectal 
cancer, is noted to have a mutation in 6/10 RMS cell 


lines.2° 
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IGF-2 is overexpressed in RMS cell lines and inhib- 
ited by IGF-binding protein 6 (IGFBP6), which is 
associated with myoblast quiescence. IGFBP6 expres- 
sion is low in RMS cell lines, and studies have demon- 
strated that it induced a decrease in growth and 
increase in apoptosis in RMS cell lines that were par- 
tially reversed with the IGF-2.%! Several growth fac- 
tors in addition to IGF have been identified to play a 
role in RMS tumor biology. Transforming growth 
factor-8 (TGF-B) is an inhibitor of myogenic differ- 
entiation and an autocrine product in RMS cell lines. 
Inhibiting the activation of latent TGF-B in these cell 
lines has induced growth arrest and myogenic differ- 
entiation, whereas its elimination induces arrest, but 
not differentiation, indicating that there is a critical 
concentration required for myogenesis and this con- 
centration is much higher in human primary muscle 
cells than in RMS cell lines.?? Both high- and low- 
affinity receptors for nerve growth factor (NGF) have 
been identified in RMS cell lines. NGF has been asso- 
ciated with decreased apoptosis without altering dif- 
ferentiation in these lines.94 

In conclusion, molecular genetic studies of RMS 
support the premise that ARMS and ERMS represent 
distinct entities. These tumors are associated with spe- 
cific molecular alterations, namely PAX3/PAX7- 
FKHR gene fusions in ARMS and 11p15.5 allelic 
loss in ERMS. The gene fusions in ARMS represent 
gain-of-function oncogenic mutations that generate 
potent transcriptional activators of target genes with 
PAX3/PAX7 binding sites. On the other hand, the 
llp15 allelic loss in ERMS acts on an imprinted 
region to inactivate expression of putative tumor sup- 
pressor loci. Genomic hybridization techniques may 
be utilized to identify genomic gains and losses in 
ERMS. In addition, secondary genetic alterations of 
other genes occur in both ARMS and ERMS, indi- 


cating that these tumors arise in a multistep process. 


Table 60.1 International classification of rhabdomysarcoma 


Both the primary and secondary events affect gene 
products that function in signal transduction and gene 
expression regulatory pathways, altering numerous 
key pathways in the cell to ultimately generate the 
phenotypic changes of growth autonomy, abnormal 
differentiation, and motility.°* Molecular techniques 
identifying these changes will be useful in differenti- 
ating ERMS and ARMS from each other and other 
soft tissue sarcomas as well as detecting occult bone 
marrow and peripheral blood metastasis, and evaluat- 
ing surgical margins, both at initial resection and with 
second-look procedures. 


Pathology 


The significant difference in survival between embry- 
onal RMS and alveolar RMS makes it imperative for 
the pathologist to accurately diagnose variants of 
RMS so that the biologic course of the disease can be 
predicted and appropriate therapy initiated. 

In 1995, a consensus classification of RMS was 
published® that was based on a review of a large 
number of tumors from IRS II by 16 international 
pathologists from eight pathology groups. This pro- 
duced a classification that was both reproducible and 
could predict outcome by univariate analysis. A mul- 
tivariate analysis of this new International Classifica- 
tion of Rhabdomyosarcoma (ICR) indicated that a 
survival model that included the ICR along with 
known prognostic factors of primary site, clinical 
group, and tumor size was significantly better at pre- 
dicting survival than a model with only the known 
prognostic factors.’ The ICR classification is shown 
in Table 60.1, along with the IRSG addition 
(anaplastic variant). The data presented in this table 
are from ICR-related publications and IRSG publica- 
tions on specific RMS subtypes.78:5-97 


Diagnosis Histology Incidence (%) 5-year survival (%) Prognosis 
Embryonal, botryoid Favorable 6 95 Superior 
Embryonal, spindle cell Favorable 3 88 Superior 
Embryonal, not otherwise Favorable 49 66 Intermediate 
specified (NOS) 
Alveolar, NOS, or solid variant Unfavorable 31 53 Poor 
Anaplasia, diffuse Unfavorable 2 45 Poor 
Undifferentiated sarcoma Unfavorable 3 44 Poor 


Total incidence is only 94%: remaining 6% are sarcomas (NOS category) that had insufficient or inadequate 


tissue to make a more specific diagnosis. 
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Embryonal rhabdomyosarcoma 


These tumors have variable amounts of spindle and 
primitive round cells, which may be either tightly 
packed or loosely dispersed in a myxoid background. 
The rhabdomyoblast, the more mature embryonal 
component, is characterized by bright eosinophilic 
cytoplasm and may appear in a variety of unusual 
shapes, termed ‘tadpole’, ‘racquet’, or ‘strap’ cells.8.78 
Cross-striations are seen in 50-60% of cases. Embry- 
onal RMS represents the most common genitouri- 
nary RMS variant. These tumors rarely metastasize 
and respond well to current therapy. On fine needle 
aspiration (FNA), the embryonal subtype is sug- 
gested in specimens with large tissue fragments con- 
taining abundant eosinophilic material and small, 
tightly packed cells with oval nuclei.?? ERMS stains 
positively for myoglobin, desmin, and vimentin. Clas- 
sic ERMS with a polypoid growth pattern was asso- 
ciated with a more favorable prognosis than a diffuse 
intramural (endophytic) growth pattern in 65 cases of 
bladder and vaginal RMS (92% vs 68% 10-year sur- 
vival, p = 0.02). 


Botryoid embryonal rhabdomyosarcoma 


The ICR criterion for diagnosis of botryoid embry- 
onal RMS requires demonstration of a cambium 
(condensed layer of rhabdomyoblasts) tumor layer 
underlying an intact epithelium in at least one micro- 
scopic field (Figure 60.2). This microscopic criterion 
supersedes any gross demonstration of a ‘grape-like’ 
tumor mass. An extensive degree of rhabdomyoblas- 
tic differentiation can be evident both in the cambium 
layer and elsewhere in the tumor. The importance of 


YS il d 

, ete. 
as Hy \ 
EDA Taw ih? Bo NE 


Figure 60.2 Botryoid embryonal rhabdomyosarcoma 
demonstrating the cambium (condensed layer of rhab- 
domyoblasts) tumor layer underlying an intact epithe- 
lium. 


diagnosing this subtype is evident given its superior 
prognosis, with a 95% 5-year survival. There remains 
debate as to whether BRMS is a distinct entity or a 
variant of ERMS, and biologic studies have not 
demonstrated a molecular distinction. 10° 


Spindle cell embryonal rhabdomyosarcoma 


The spindle cell variant of RMS also enjoys a superior 
prognosis, with an 88% 5-year survival rate. It has 
only been recognized in the literature since 1993.101 
This neoplasm has a fascicular, spindled leiomyoma- 
tous’ growth pattern that can show a marked degree 
of rhabdomyoblastic differentiation. Some tumors 
show marked collagen deposition. This variant almost 
exclusively occurs in the paratesticular region, 
although it can rarely occur at other body sites. These 
tumors are immunopositive for titin, a marker for ter- 
minal differentiation. 1° 


Alveolar (solid) rhabdomyosarcoma 


A review comparing IRSG pathologic diagnosis with 
institutional diagnosis performed between 1984 and 
1997 showed concordance in only 63% of cases. The 
high level of discordant diagnosis (37%) reflects the 
need for better recognition of the solid alveolar variant 
of this RMS subtype. The classic cleft-like spaces lined 
by rhabdomyoblasts (Figure 60.3) that are tradition- 
ally described”® for alveolar RMS may merge with 
spaces filled with tumor cells that sit on thin fibrovas- 
cular septae. This latter solid variant is rarely present 
without the classic finding of cleft-like spaces and can 
be recognized with adequate tumor sampling. The key 
criterion is to recognize palisading of tumor cells 


Figure 60.3 Alveolar rhabdomyosarcoma showing pal- 
isading of tumor cells with a coarse chromatin pattern 
about fibrovascular cores. 


976 Clinical pediatric urology 


about fibrovascular cores. The tumor cells have a 
coarse chromatin pattern to their nuclei, with less-evi- 
dent myogenesis than in embryonal RMS.8 FNA 
biopsies of ARMS demonstrate predominantly two 
architectural patterns: either completely dissociated 
cells or many chance formations of cells. However this 
is non-specific, and any RMS diagnosis on FNA 
requires immunohistochemical confirmation.” 

The prognosis for both the classic and solid variants 
is the same. Both carry a poor prognosis, with only a 
53% 5-year survival rate. Improved concordance of 
review and institutional diagnosis is crucial for this 
malignancy, as they receive intensified therapy on cur- 
rent IRSG protocols. 


Anaplastic rhabdomyosarcoma 


This variant also has a high rate of discor- 
dance(62%).” Using the IRS I-III material, anaplas- 
tic RMS was defined using the following criteria: 


E large, lobate hyperchromatic nuclei of at least three 
times the size of neighboring nuclei 
E atypical multipolar mitotic figures.” 


It is also defined further by its distribution as focal 
(group I), consisting of single or few anaplastic cells, 
or diffuse (group IL), where anaplastic cells aggregate 
in clusters or form a continuous sheet.”2° The occur- 
rence of anaplasia is independent of both RMS tumor 
site and histopathologic subtype, although it occurs 
preferentially in embryonal RMS. The overall inci- 
dence of anaplasia in IRS I-III was 3%, and it will be 
assessed as a new diagnostic feature of RMS in IRS V 
therapeutic trials.” 


Undifferentiated sarcoma 


This category, which also has a high rate of discor- 
dance (62%),’ is included in the ICR classification 
only because its response to therapy is similar to that 
of RMS.8 

These tumors are mainly composed of sheets of 
medium-packed cells with no discernible architectural 
structure except for delicate fibrovascular septae or a 
vague spindled-storiform pattern. Necrosis and 
inflammation are not prominent, cellularity is high 
with high mitotic activity [>10 mitoses per 10 high- 
power field(hpf)], and the nuclei are predominantly 
oval with prominent chromocenters and indistinct 
cytoplasm.”°” The tumors stain only with vimentin 
antisera (77%), if at all. 

This entity is rare (3% of cases) and, like ARMS, 


occurs more often in males (62%), in patients = 5 


years old (65%), and is more common in the extrem- 
ities (53%).?” Five-year survival with localized disease 
is 72%, but with disseminated disease is only 44%.” 
Early identification of this histologic subtype, 
enabling prompt, intensified therapy, is an important 
component of the IRS V studies. 


Ectomesenchymoma 


A rare malignant neoplasm, consisting of RMS with a 
neural component, ectomesenchymoma (EM) is 
probably underdiagnosed and has a similar outcome 
to the RMS component of the tumors. Boue et al, in 
their report of 15 cases, noted that there were previ- 
ously only 21 other cases reported in the literature. 
They noted that, of their 15 cases, only two had an 
originating institutional diagnosis of EM, with 12 
diagnosed as RMS, and one diagnosed as undifferen- 
tiated sarcoma. Five of these cases were of external 
genital origin and six were pelvic/abdominal. 103 


Other diagnostic studies 


Ancillary studies performed on histopathologic tis- 
sues are useful in confirming the diagnosis and in pro- 
viding prognostic information on the course of the 
malignancy. A comprehensive study using commer- 
cially available and experimental antibodies was 
undertaken in the IRS IV study, which included 100 
cases of RMS representing all subtypes.” The inci- 
dence of immunopositivity for the various antisera is 
summarized in Table 60.2. Around 20% of RMS 
cases required the use of immunohistochemistry to 
establish the final diagnosis.” 


Table 60.2 Incidence of immunopositivity for antisera 
in rhabdomyosarcoma diagnostic studies 


Antibody Percentage 
Polyclonal desmin 99 
Monoclonal desmin 62 
Muscle-specific actin 94 
a-Smooth muscle actin 4 
Myoglobin 78 
Wide-spectrum keratin 7 
Epithelial membrane antigen 2 
S-100 protein 19 
Neuron-specific enolase 6 
Leukocyte common antigen 0 
MIC-2 14 
p53 16 
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Immunostaining 


Myogenin is specific for rhabdomyoblastic differenti- 
ation and may help in the differentiation of small 
round cell tumors. It is strongly expressed in ARMS 
nuclei but demonstrates little or no staining in 
ERMS, where it has a variable staining pattern and 
intensity. The extent of myogenin staining in RMS is 
much greater than in non-RMS tumors, making it a 
useful marker.!°4!97 In contrast to other studies, 
Cessna et al did note some rare non-RMS (7/107) 
focal nuclear reactivity to myogenin. 105 
matous myofibroblastic tumors (PMTs) of the uro- 
genital tract are rare benign tumors which may be 
mistaken for RMS. Myogenin is expressed in RMS 


but not PMTs and may be useful in differentiating 
108 


Pseudosarco- 


these distinct clinical entities. 

MyoD1 expression is a distinguishing characteristic 
of RMS. It is now possible, through RT-PCR assay 
to evaluate expression of MyoDI1 mRNA. This has 
been found to be highly sensitive and specific in 
detecting minimal residual disease, as well as bone 
marrow and peripheral blood stem cell involvement, 
regardless of histologic subtype.! This is in contrast 
to a report by Gattenloehner et al, who described that 
MyoDI mRNA could be amplified from many other 
tissues and childhood tumors ex vivo.!!® Cessna et al 
reported that while all RMS stained for MyoD1, there 
was diagnostic difficulty on paraffin-embedded speci- 
mens studied due to cytoplasmic and non-specific 
background staining of non-myoid tissues. 105 

Polyclonal antidesmin (P-DES) antibody was posi- 
tive in all but one rhabdomyosarcoma (99%). Mono- 
clonal antidesmin (M-DES) antibody was negative in 
many of the same tumors (38%). Antimuscle-specific 
actin (MSA) antibody was positive in 94% of the 
RMS. Antimyoglobin (MYO) antibody was positive 
in 78% and was negative mostly in the less differenti- 
ated tumors. Anti-o smooth muscle actin (SMA) anti- 
body reacted positively only in a minority (4%) of 
embryonal RMS.” 

The current approach at the IRSG Pathology 
Center in cases where the diagnosis of RMS is in 
question is to screen the case with immunostaining 
for three antibodies: P-DES, MSA, and MIC-2; the 
latter helps to rule out the diagnosis of an 
extraossecous Ewing’s sarcoma or primitive neuroecto- 
dermal tumor.!!! Around 14% of RMS stain positive 
to MIC-2 antisera, but this is only a weak granular 
intracytoplasmic immunopositivity, whereas Ewing’s 
sarcoma and primitive neuroectodermal tumors show 
discreet plasma membrane staining.!!! Antibodies to 


the various myogenic transcription factors (MyoD1, 
etc.) are not tested because of their noted negativity 
with paraffin sections. !!? 

Monoclonal antibody to p53 protein was also stud- 
ied in pediatric RMS.!!% Positive immunostaining is 
seen in only 16% of RMS specimens.”:!!4 On the other 
hand, immunopositivity at the grade 3—4 level (6% of 
RMS) was significantly associated with occurrence of 
any anaplasia in alveolar RMS and diffuse anaplasia in 
embryonal RMS, independent of fusion gene status. H5 
The potential linkage of p53 abnormalities with anapla- 
sia in RMS will be further studied in the IRS V study. 


Molecular studies 


Tobar et al analyzed RMS samples from nine patients 
(two ERMS, four ARMS, three undifferentiated sar- 
coma) with RT-PCR to identify the PAX3-FKHR 
transcript (Table 60.3). As expected, all patients diag- 
nosed with ARMS demonstrated the chimeric tran- 
script. However, positivity in one patient diagnosed 
with ERMS (with LOH at 11p15.5) and two diag- 
nosed with undifferentiated sarcoma prompted histo- 
logic review. In the ERMS patient and one of the 
undifferentiated sarcoma patients, areas consistent 
with ARMS were identified on histologic review and 
patients were reclassified as ARMS, whereas the 
second undifferentiated sarcoma patient’s diagnosis 
was substantiated.38 RT-PCR for PAX3-FKHR and 
PAX7-FKHR on tumor tissue, bone marrow, and 
body fluids obtained at initial presentation and relapse 
in 13 ARMS patients was found to be sensitive and 
specific in identifying residual disease and micrometas- 
tases. Rate of detection of micrometastases in this 
study of three pediatric sarcomas using RT-PCR was 
95% compared with 70% for morphologic methods. 
In three of the ARMS patients, micrometastases were 


Table 60.3 Rhabdomyosarcoma immuno- 
differentiation 


ERMS ARMS Poorly 
differentiated 
RMS 

Myoglobin Desmin in MyoD7 gene 

solid variant 

Desmin Vimentin 

Vimentin Actin 

11p15.5 HHF35 

deletion o-1-actin 
t(2; 13)(q35;q14) 


From Tobar et al.38 
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identified with RT-PCR alone and no patient diag- 
nosed with localized disease was found to have 
micrometastases on RT-PCR evaluation of bone 
marrow. The significance of molecularly detectable 
disease is unclear. 116 

In IRS V the emphasis will be on the incidence of 
t(1;13) and t(2;13) and their fusion genes in RMS.” 
RT-PCR methodology will be employed in detecting 
fusion genes in frozen and archived tissue.!!7 The 
t(1;13) (PAX7) translocation may predict a different 
clinical phenotype and longer event-free survival and 
predilection for younger patients and extremity 
tumors than the t(2;13) (PAX3) translocation. ”38 

As determined by flow cytometry, approximately 
two-thirds of alveolar tumors have near-tetraploid DNA 
content. The remaining cases are usually diploid.1!8 
Interestingly, near-tetraploidy is almost never observed 
in embryonal RMS.° LoH for closely linked foci of chro- 
mosome 11p5.5 is seen in embryonal RMS. 


Post-treatment pathologic studies 


The most difficult assessment by pathologists is the 
prognostic significance of residual rhabdomyoblasts 
in post-therapeutic RMS tissue specimens. Studies 
support the concept that post-therapeutic cytodiffer- 
entiation occurs more frequently in botryoid or 
embryonal RMS.!!9-7! In botryoid RMS, cytodiffer- 
entiation and decreased proliferation activity were 
associated with favorable outcome. Unchanged or 
increased post-therapeutic proliferation activity sug- 
gested aggressive biologic potential in embryonal or 
alveolar RMS. 

Smith et al reported on the post-treatment cytodif- 
ferentiation and clinical outcome from 19/31 IRS IV 
cases which were adequate for evaluation. None of the 


10 cases with extensive cytodifferentiation (two 
BRMS, eight ERMS) failed, whereas among the five 
cases with moderate cytodifferentiation, only the two 
ARMS patients failed, and all four patients (one 
ERMS, three ARMS) with mild or no cytodifferenti- 
ation failed. The authors concluded that post-treat- 
ment cytodifferentiation is more common in both 
ERMS and BRMS than in ARMS, and postulated that 
this difference is due to different mechanisms of cellu- 
lar response to therapy. They also noted that sparse 
persistent tumor cells in ARMS/BRMS did not appear 
to affect outcome.!?! Myoglobin is specific for termi- 
nally differentiated myocytes, and as such is a useful 
marker for differentiated tissue in organs such as blad- 
der and prostate, which normally do not contain skele- 
tal muscle. As the expression of myogenin and MyoD 
is down-regulated with terminal differentiation, they 
are less helpful to identify differentiated cells.!0° In 
another study, sequential evaluation of six patients 
with pelvic (four bladder/prostate, two vulvovaginal) 
RMS who had persistent well-differentiated rhab- 
domyoblasts without mitotic activity during and after 
the completion of therapy demonstrated rhabdomy- 
oblast persistence, but decrease in number with time. 
All six patients were alive, with no evidence of disease 
from 37 to 233 months after the completion of ther- 
apy. The authors conclude that, while the biologic 
nature of these cells is not known, their presence is not 
an indication for further therapy.!?2 

These phenomena will be further studied in IRS V. 


Staging of rhabdomyosarcoma 


Both the surgically based clinical grouping system 
employed in IRS I, II, and UI, and the site-based 
TNM staging system have been used. 123-125 


Table 60.4 Clinical group staging system for rhabdomyosarcoma 
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Table 60.5 Clinical grouping system for rhabdomyosarcoma 


Clinical Group Extent of disease 


l Localized, completely resected 
A Confined to site of origin 
B Infiltration beyond site of origin 


Il Micro residual or regional spread 


A Localized with micro positive margins, grossly resected 
B Regional disease with complete resection, most distal node negative 
C Regional disease resected with micro residual or most distal resected nodes involved 


Ill Gross residual 
A Biopsy only 


B Gross/major primary resection (>50%) 


IV Distant metastasis at diagnosis (lung, 
CSF, pleural fluid, peritoneal fluid) 


BM = bone marrow; CSF = cerebrospinal fluid. 


The clinical grouping system (CGS) (Tables 60.4 
and 60.5) is a surgicopathologic staging system based 
on whether surgical resection has been accomplished, 
with modifiers related to clinical and pathologic find- 
ings. 123,124 

The CGS is used to plan radiation therapy and 
relies on the pathologic findings determining if the 
tumor is confined to the primary site, with or without 
local invasion, and if the surgical resection is complete 
with tumor-free margins. 

The TNM staging system (Table 60.6) takes into 
account tumor location, size, clinical lymph node 
involvement, and the presence or absence of metas- 
tases. It is used to plan therapy and is highly predic- 
tive of outcome. !23-125 

Per IRS V protocol, representative portions of the 
tumor should be submitted for light microscopy or 
fixed for electron microscopy, placed in tissue culture 
medium for potential chromosome studies, and frozen 
and stored for molecular studies.” When a tumor is 


liver, BM, bone, brain, distant muscle or + cytology 


resected, evaluation of the margins is mandatory. 
Recording the three-dimensional tumor size is of 
utmost importance as it influences staging and out- 
come. The distance of the tumor from the nearest 
resection margins is also important for staging. The 
pathologist has an important role in the proper stag- 
ing/grouping of RMS as well as its proper histopatho- 
logic classification. Also, rapid pathology review is 
important for patients diagnosed with ARMS or undif- 
ferentiated sarcoma who receive additional cytotoxic 
therapy and radiation based on the IRS V therapeutic 
trials.!6 Figure 60.4 outlines the treatment algorithm 
for IRS V low-risk genitourinary sarcoma at diagnosis. 


Presentation: bladder/prostate 


E Urinary tract obstruction, hematuria, abdominal 
mass. 
E Typically >5 cm and invasive at presentation. 


Table 60.6 TNM staging of childhood genitourinary rhabdomyosarcoma 


Stage Sites T invasiveness T size Regional nodes Metastases 
l Genitourinary (non-bladder/prostate) 11 or T2 aorb NO, N1 or NX MO 
ll Bladder/prostate Til orl a NO or NX MO 
III Bladder/prostate Til or 12 a N1 MO 
Til or v2 b NO, N1 or NX MO 
IV All Wl or v2 aorb NO or N1 M1 
T tumor: T1 = confined to anatomic site of origin; T2 = extension. 
Size: a = <5 cm in diameter; b = >5 cm in diameter. 


Regional nodes: NO = not clinically involved; N1 = clinically involved; NX = clinical status unknown. 
Metastases: MO = no distant metastasis; M1 = distant metastasis present. 
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Stage 1, groups | and II (NO), favorable sites (genitourinary, excluding bladder/prostate) 
Stage 2, group l, all other sites (includes bladder/prostate) NO, =5cm 


Rapid pathology review 
VCR + AMD X 2 weeks 


Embryonal RMS 
VCR + AMD + XRT 


Alveolar RMS or undifferentiated sarcoma 
VA + CTX + XRT 


Figure 60.4 Treatment algorithm for low-risk genitourinary sarcoma in IRS V. RMS = rhabdomyosarcoma; VCR = 
vincristine; AMD = actinomycin D, CTX = cytoxan; XRT = radiotherapy. 


A rare neonatal RMS presentation has been 
described, with several cases reported in the literature. 
It presents in the neonatal period, frequently of alve- 
olar subtype associated with multiple cutaneous 
metastases, lacking characteristic RMS translocations, 
and has been fatal with current therapy.?!!?7 In gen- 
eral, cutaneous metastasis of non-hematopoietic neo- 
plasms is rare; however on review of this entity, RMS 
was noted to be the most common pediatric neo- 
plasm to metastasize to the skin.!?8 


Diagnostic evaluation 


Imaging 


The first diagnostic procedure performed in patients 
who present with an abdominal or pelvic mass and/or 
symptoms of urinary obstruction is to perform a 
pelvic and renal ultrasound. This will usually show a 
solid tumor, which may be hyperechoic or hypo- 
echoic, and will also evaluate the status of the bladder, 
the postvoid residual, and the upper tracts. Bladder 
BRMS may appear as a polypoid intraluminal mass 
resembling a cluster of grapes, which is characteristic 
but not pathognomonic of this entity.!?? 

The remainder of the radiographic evaluation is to 
determine the extent of the local and regional disease 
as well as to identify metastatic foci. Magnetic reso- 
nance imaging (MRI) is replacing computed tomog- 
raphy (CT) as the examination of choice for accurate 
presurgical assessment of the extent and volume of 
disease. An accurate pretreatment tumor volume is 
necessary to plan later for adequate radiation treat- 
ment, if necessary. The extent of the tumor around 
the bladder and prostate can be determined by MRI 
T2-weighted images, with sagittal views demonstrat- 
ing urethral tumor extent! (Figures 60.5-60.8). 
RMS has intermediate signal intensity on Tl- 
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Figure 60.5 Magnetic resonance imaging scan finding 
in a 4-year-old male with embryonal group Ill rhab- 
domyosarcoma. On T2-weighted images the extent of 
the tumor is well visualized. 


Figure 60.6 Magnetic resonance imaging scan in a 4- 
year-old child with embryonal group III rhabdomyosar- 
coma. In this sagittal view, the extent of the tumor into 
the membranous urethra is well delineated. 
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Figure 60.7 Magnetic resonance imaging scan in a 6- 
year-old child with embryonal group Ill rhabdomysar- 
coma. This sagittal view on T2-weighted image shows 
the extent of the tumor distally in the membranous 
urethra. 


Figure 60.8 Magnetic resonance imaging scan in a 5- 
year-old child with embryonal group III rhabdomyosar- 
coma after 16 weeks chemotherapy. The tumor is 
visualized extending into the bladder and its extent into 
the urethra is also well seen. 


weighted images and intermediate to high signal 
intensity on T2-weighted images with significant 
enhancement with gadolinium diethylenetriamine 
penta-acetic acid (Gd DTPA). ARMS demonstrates a 
lobular appearance on _ post-contrast images. 
Although these characteristics are non-specific and 
indistinguishable from other soft tissue sarcomas, 
MRI is useful for staging and therapeutic response 
assessment in RMS.!29 

Metastases occur most commonly to the lungs, 
bone, and lymph nodes followed by bone marrow 


and liver. Prostatic primaries are more likely than 
bladder primaries to metastasize to the lungs or bone 
marrow.!?° Metastatic assessment may be achieved by 
a CT scan of the chest, an MRI or CT of the abdomen 
and pelvis, bone marrow aspiration, and, if indicated, 
a bone scan. A CT scan may identify inguinal or 
retroperitoneal nodes as well as pulmonary metas- 
tases. The absence of ascites does not exclude peri- 
toneal involvement.!3! Bone metastases in RMS are 
identified on imaging as ill-defined lytic lesions. !?° 

In a retrospective review of 301 consecutive patients 
from the UK Children’s Cancer Study Group, only 
one asymptomatic patient had evidence of metastasis 
on bone scan in the absence of other identifiable 
metastatic disease. Based on these findings, McHugh 
et al suggest that a routine bone scan may not be jus- 
tified in patients without symptoms attributable to 
bone metastases (back or limb pain, limp, or hypercal- 
cemia) or other demonstrable metastatic disease, but 
may be reserved for older patients or those with high- 
risk RMS, bone pain, alveolar histology, or poor prog- 
nostic sites outside of the head and neck.!3? These 
findings and recommendations were further supported 
by Jager et al in their study of 109 soft tissue sarcoma 
patients. 133 Bone marrow aspirate and biopsy are 
mandatory for IRS protocols, and bone marrow 
involvement at diagnosis is a poor prognosticator, 
with <10% survival. Any bone medullary defects 
noted on MRI require biopsy, even in the presence of 
anormal bone scan.! Routine CT or MRI of the head 
to evaluate for metastatic RMS of extracranial origin, 
required for the IRS IV protocol, is now recom- 
mended only for clinically symptomatic patients or 
those with paraspinal tumors. !#4 


Biopsy 
Tissue diagnosis of RMS is confirmed by biopsy. 


Specimens can be obtained either cystoscopically or 
with a needle biopsy. During endoscopic biopsy, it is 
preferable to utilize a cold-cup biopsy forceps or cold 
knife to avoid coagulation-induced histologic arti- 
facts. An ultrasound-guided needle biopsy through 
the perineum or the extraperitroneal suprapubic route 
may also be used. Vaginal tumors are diagnosed and 
biopsied endoscopically; the extent of distortion 
and/or infiltration of the bladder by the tumor can 
also be assessed by cystoscopy. Uterine tumors can be 
biopsied either at the time of vaginoscopy or by per- 
forming a cervical dilatation and curettage. 

Confer with the pathologist to ensure that ample 
tissue is obtained in order to identify the histologic 
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subgroups of RMS and allow adequate grading to 
direct therapy. Needle biopsies that are performed to 
establish the diagnosis of RMS must include a suffi- 
cient number of cores. 

Brahmi et al effectively differentiated RMS from 
other malignant round blue cell tumors, including 
Ewing’s sarcoma, neuroblastoma, non-Hodgkin’s 
lymphoma, peripheral neuroectodermal tumor, and 
Wilms’ tumor, but not from retinoblastoma on FNA, 
using nuclear image morphometry.!#5 

Suprapubic catheter drainage should not be used in 
children with RMS who present in urinary retention, 
to avoid the risk of tumor spread along the suprapu- 
bic track. A urethral Foley catheter can usually be 
used, and can be removed after chemotherapy reduces 
the tumor and the child is able to void. 


Treatment 


The outcome of children with RMS has improved 
dramatically over the past 30 years. Despite more fre- 
quently presenting with larger, invasive tumors and 
positive lymph nodes, children of ethnic minorities 
have enjoyed similar 5-year failure-free survivals as 
white children on IRS protocols in the period 
1984-1997,136 In the 1960s when therapy was local 
in the form of surgery and irradiation, only around 
one-third of all patients survived.137 The subgroup of 
patients with tumors in selected primary sites such as 
the bladder or the orbit was treated with radical 
surgery, with 70% survival. 138-13? During the 1960s 
combined chemotherapy was initiated, with vin- 
cristine, dactinomycin, and cyclophosphamide (VAC) 
yielding promising results.!40:!41 These early encour- 
aging results, combined with the heterogeneity and 
rarity of RMS, prompted implementation in 1972 of 
the first national cooperative trial. 

The IRS committee has reported the results of four 
consecutive trials, encompassing 3680 patients: IRS I 
(1972-1978, n = 686), IRS II (1978-1984, n = 
999), IRS MI (1984-1991, n = 1062),°?!9 and IRS 
IV (1991-1997, n = 883).!4? The results of the fifth 
consecutive trial IRS V have not been published yet. 
The estimated 5-year overall survival rates steadily and 
significantly increased in each of the first three trials: 
55% in IRS I, 63% in IRS II, and 71% in IRS M, 
whereas the fourth trial only showed benefit over prior 
studies in specific subgroups of intermediate-risk 
ERMS, with an overall 3-year survival of 86%.142 

In IRS I, treatment assignment was based on the 
postsurgical extent of disease, with no stratification 


for specific risk subgroups. The IRS II study recog- 
nized the prognostic significance of certain risk factors 
(clinical group, site, and histology), and stratified 
patients accordingly. Patients with primary tumors in 
‘special pelvic’ sites (bladder, prostate, vagina, and 
uterus) received VAC chemotherapy. The IRS III 
further stratified patients into nine distinct risk sub- 
groups according to extent of disease, primary tumor 
site, and histology. IRS IV evaluated new upfront 
window chemotherapy regimens and the effectiveness 
of hyperfractionated radiation therapy compared with 
conventional radiation.!42 IRS V, now also named 
the Soft Tissue Sarcoma (STS) studies of the Chil- 
dren’s Oncology Group, has three primary protocols 
that are based on the risk of disease recurrence with 
the overall aims of reducing cyclophosphamide and 
radiation in low-risk groups, evaluating new regimens 
for unfavorable disease, and applying molecular stud- 
ies for occult metastasis. The low-risk protocol will 
target localized embryonal and botryoid histology 
patients and will evaluate the efficacy of treating 
node-negative, (GU  non-bladder/ 
prostate) clinical group I or II, and unfavorable-site 
clinical group I < 5 cm with vincristine and actino- 
mycin D, reserving the three-drug VAC regimen for 
favorable sites with gross residual or positive nodes 
and unfavorable sites with tumor >5 cm, microscopic 
residual, or positive nodes. It is also evaluating the 
efficacy of reduced radiation doses in microscopic 
residual low-risk disease. The intermediate-risk proto- 
col will compare VAC to VAC alternating with vin- 
cristine, topotecan, and cyclophosphamide as the 
chemotherapeutic regimen in conjunction with radio- 
therapy and surgery for localized ARMS stages 1-3, 
ERMS stage 2 or 3 with gross residual, or patients 
<10 years old with stage 4 ERMS. The high-risk pro- 
tocol is a phase II trial of irinotecan followed by VAC 
and radiation, with responders receiving additional 
irinotecan for stage 4 patients with ARMS as well as 
patients >10 years of age with ERMS. 


favorable-site 


Clinical group I 


This group consists of children whose tumors were 
completely resected and who were expected to have 
an excellent prognosis.° In the IRS I trial it was con- 
cluded that the 5-year overall and disease-free survival 
did not change with the addition of radiotherapy to 
VAC chemotherapy. Therefore, radiotherapy was 
omitted in children with clinical group I tumors.? In 
this subset of patients, the IRS II study showed that 
vincristine and dactinomycin chemotherapy (VA) was 


Genitourinary rhabdomyosarcoma and other bladder tumors 983 


equivalent to VAC chemotherapy. The IRS III study 
showed that the 5-year progression-free survival 
(PFS) and survival for those treated with VA for 1 
year was similar to VAC for 2 years or VA for 2 
years.° IRS IV treatment protocols, with an increased 
cyclophosphamide/ifosfamide intensity over IRS M, 
demonstrated improved 3-year failure-free survival 
(FFS) in group I and II unfavorable site ERMS from 
71% to 86%.143 Thus, patients with completely 
resected embryonal histology tumors at favorable 
sites (GU non-bladder prostate) can be treated safely 
and effectively with two drugs (VA) for 1 year. Those 
with bladder/prostate group I should receive 
cyclophosphamide, potentially at an intensified dose, 
and those with alveolar or undifferentiated histology 
should receive radiotherapy in addition to VAC. !48 


Clinical group II 


Children in this category usually received postopera- 
tive radiotherapy at various time points during treat- 
ment, resulting in a local control rate of 90%.%10 
Based on findings of IRS I and IRS II studies, VA 
with radiotherapy remains the therapeutic standard for 
children with clinical group I disease who present 
with a favorable histology tumor in a favorable site. 
IRS II compared VA + adriamycin and radiotherapy 
to VA only + radiotherapy. Even though there 
seemed to be an advantage to adding adriamycin, this 
was not statistically significant.® The Cooperative Soft 
Tissue Sarcoma Study Group (CWS) reviewed the 
benefits of radiotherapy for group H patients over four 
trials in the period 1981-1998. In this study of 203 
group II patients, 110 received radiotherapy and 93 
did not. Local control rates were 83% with and 65% 
without radiotherapy (p < 0.004), whereas the differ- 
ence in overall survival was not statistically significant 
(84% vs 77%). In these studies the distribution of 
patients with unfavorable histology or sites was signif- 
icantly higher in the groups that received radiotherapy 
than in those that did not, and despite this difference, 
the trends were for better outcome in the groups that 
received radiotherapy. This group was not able to 
identify a subset of group I patients in whom radio- 
therapy may be spared.144 In IRS IV, which evaluated 
higher-dose cyclophosphamide as well as ifosfamide 
and etoposide, the intensified cyclophosphamide ther- 
apy from IRS II to IRS IV provided similar survival 
for patients with local or regional tumors in all IRS IV 
treatment groups, with a lower overall toxic death rate 
in IRS IV (1%). However, IRS IV was associated 
with improved overall survival and FFS than IRS II 


for the subgroup of patients with intermediate-risk 
(stage I/III, group 1/2) embryonal RMS (93% vs 
76% 3-year FFS).!42 

As part of the Italian Cooperative Study RMS-88, 
25 patients with microscopic residual RMS after pri- 
mary excision were reviewed. Microscopic residuals 
were difficult to manage because of the lack of a mea- 
surable target. Primary re-excision with chemother- 
apy was the treatment of choice for children <3 years 
old who could not receive radiation. It was not effec- 
tive for tumors >5 cm where adequate radiotherapy 
and chemotherapy were found to be effective. !45 


Clinical group III 


This is the largest group of patients enrolled in IRS I, 
I, and II1.?:!°-146 In IRS I, all group III patients were 
randomized to receive either VAC chemotherapy and 
radiation, or VAC with doxorubicin (VADRC- 
VAC) and radiation. Addition of doxorubicin failed to 
improve the 5-year overall survival.? In IRS I, 
patients were randomized to receive intensified VAC 
or VADRCV-VA therapy. Prognosis was not differ- 
ent between those two regimens, but the intensified 
treatments were superior in inducing complete 
responses and prolonged survival compared with IRS- 
I.!° In IRS III, patients were randomized to receive 
either pulsed VAC or VADRC-VAC-cisplatin or 
VADRC-VAC-cisplatin-VP16 and radiotherapy. At 
5 years, the overall survival rate was the same for all 
three regimens.® Several patients among these study 
arms received alternate induction chemotherapy with 
one of three drug pairs (doxorubicin—dacarbazine, 
dactinomycin-VP16, or dactinomycin—dacarbazine) 
and second-look surgery.®!4° Outcome of these chil- 
dren was improved compared with that of patients 
who were treated in IRS I. In IRS IV, regimens 
including ifosfamide and etoposide and higher 
cyclophosphamide doses than in IRS III resulted in 
similar outcomes for group III patients among the 
IRS IV treatment groups and between IRS HI and 
IRS IV. The standard remains VAC and radiation 
therapy for these patients.!4? However, whereas unfa- 
vorable-site group III patients demonstrated no 
improvement in survival on IRS IV compared with 
IRS I, the subset of group HI or resectable node- 
positive ERMS with a GU non-bladder/prostate pri- 
mary improved from 72% to 92% 3-year FFS.143 


Clinical group IV 


With the exception of a subset of intermediate-risk 
patients (<10 years old, embryonal), the 5-year survival 
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for patients with metastatic disease continues to be 
poor, in spite of intensified therapy and new drug com- 
binations. The combined-agent regimens in the first 
three IRS studies led to 5-year overall survival and PFS 
rates of below 30%.%10 

In a pilot study for IRS IV, doxorubicin and ifos- 
famide were used in an upfront window prior to VAC 
for metastatic RMS, resulting in an ultimate complete 
response rate of 53% and one-third survival, similar 
to prior regimens. Factors in this study contributing 
to a better prognosis included age <10 years old, 
embryonal histology, a GU primary, lack of nodal dis- 
ease, and absence of bone or bone marrow metasta- 
sis.147 IRS IV evaluated the effectiveness of an 
upfront window of ifosfamide and etoposide (IE) 
compared with vincristine and melphalan (VM) for 
metastatic presentations. This initial therapy was fol- 
lowed by VAC, surgery, and radiotherapy and then a 
repeat of VM or IE in initial responders. Whereas ini- 
tial response in both groups was high, overall survival 
was better in the IE group, with 3-year FFS and over- 
all survival of 33 and 55% in the IE group compared 
with 19 and 27% for the VM group, respectively. !48 
Retrospective multivariate analysis of 137 group IV 
patients enrolled in IRS IV identified the presence of 
two or fewer metastatic sites as a predictor of survival. 
The subgroup with embryonal histology and two or 
fewer metastatic sites demonstrated a 3-year FFS of 
40% and overall survival of 47%, compared with 
25% and 39% for all patients studied. The authors 
suggest that this subgroup, whose 
approaches that of selected patients with non- 
metastatic disease, might not be appropriate candi- 
dates for consideration in highly toxic or unproven 
antitumor investigational regimens. 14? 

Topotecan in an upfront window prior to VAC 
and continued for responders, in 48 patients with 
metastatic RMS, resulted in a 46% overall response 
rate with an acceptable toxicity profile; in particular, 
efficacy was greater against ARMS than ERMS (65% 
vs 28% response, p = 0.08).15° 

IRS V is investigating new drugs such as irinotecan 
and topotecan.!76 It is also exploring the role of 
surgery after induction chemotherapy (12 weeks for 
most group III patients) as a strategy to reduce local 
failure risk. The decision for resection is determined 
by chemotherapy response, and whether form and 
function can be preserved. If such surgery is per- 
formed, postoperative radiotherapy is required, with 
doses determined by resection margin status: gross 
residual 50.4 Gy; microscopic residual 41.4 Gy; and 
clear margins 36 Gy, 


survival 


The European Collaborative Studies MMT4—-89 
and MMT4-91 failed to demonstrate a statistically 
significant improvement in 3-year event-free survival 
comparing consolidative megatherapy (high-dose 
chemotherapy and stem cell rescue) and standard 
chemotherapy (30% vs 19% of 53 and 44 patients) in 
the treatment of metastatic disease.!52 The lack of 
benefit of this modality was further verified by Weigel 
et al, who completed a meta-analysis of 389 metasta- 
tic RMS patients treated with high-dose chemother- 
apy and stem cell rescue; this treatment conferred no 
survival advantage for stage IV patients compared 
with IRS I and II.153 

A novel treatment strategy for these patients 
includes immunotherapy. Research at the National 
Cancer Institute has demonstrated that blocking the 
IGF-1 receptor using the antibody o-IR-3 can inhibit 
RMS cell proliferation. !*4 


Special pelvic tumors 


Early on in the IRS studies, it became apparent that 
certain pelvic tumors (bladder, prostate, vagina, and 
uterus) responded better to therapy than other sites. 
The 5-year overall survival rate in this group of 
patients was 74%. However, this outcome was 
achieved at the expense of numerous bladder extirpa- 
tions for patients with GU tumors, and only 23% of 
the patients had functional bladders 3 years after ther- 
apy.!§> In IRS II, the treatment strategy changed to 
primary chemotherapy with 4 months of VAC fol- 
lowed by delayed radiation and/or surgery. This treat- 
ment approach failed to improve the bladder salvage 
rate, with a 3-year bladder retention rate of only 25% 
and a survival rate similar to IRS I.!5°!57 In IRS M, 
patients in clinical group II received an either inten- 
sified VADRC-VAC regimen + cisplatin to induce a 
complete response. Second-look surgery was recom- 
mended at 20 weeks. Alternate induction therapy 
with dactinomycin alone or dactinomycin and VP16 
was initiated if tumor remained. The 3-year bladder 
preservation rate (60%), 5-year PFS estimate (74 + 
5%) and overall survival (83 + 4) were strikingly 
superior to those of IRS I and IRS II.®?:!0 

The extent of surgical intervention in RMS of the 
bladder, vagina, and prostate remains controversial. 
In a series of 15 patients with tumors confined to one 
of these three organs, Fisch et al have shown that, 
after chemotherapy, radical operative intervention 
with multiple biopsies at the resection margins per- 
mits complete tumor resection with excellent long- 
term results.58 This radical operative approach is in 


Genitourinary rhabdomyosarcoma and other bladder tumors 985 


contrast to the IRS protocol. The main advantage of 
this treatment protocol is that radiotherapy — which is 
often used in conjunction with organ-sparing surgery, 
and can be associated with severe complications, 
including radiation-induced cystitis and impaired 
growth of the pelvic bone — is avoided.? Fichtner and 
Hohenfellner reported a 10% rate of radiation- 
induced cystitis when radiation was used alone and 
30% when it was used in conjunction with 
chemotherapy.!°? 


Bladder/prostate 


Prior to multiagent chemotherapy, bladder/prostate 
RMS was treated with radical cystectomy or pelvic 
exenteration. Encouraging results with primary 
chemotherapy have prompted a paradigm shift 
toward organ preservation when possible without 
negatively impacting long-term survival. 

Heyn et al reviewed the outcome of 28 patients 
with group III bladder RMS. All received 20 weeks of 
multiagent chemotherapy and 4 weeks of radiother- 
apy. Of these, 13 underwent cystectomy. Cystectomy 
specimens demonstrated diminished tumor cells with 
varying degrees of maturation. They concluded that 
primary bladder RMS is very responsive to chemo- 
therapy and radiotherapy, and that these tumors show 
further maturation following treatment, thus allow- 
ing preservation of larger proportions of bladders 
with residual disease.!!? Similarly, Lobe et al exam- 
ined the role of conservative surgery in localized pro- 
static RMS and have shown a high cure rate with 
relatively good bladder salvage rate without aggres- 
sive early surgery.160 

Arndt et al reported the results from the IRS IV 
study. They reviewed the records of 88 patients with 
non-metastatic bladder/prostate RMS. Tumors com- 
monly arose in the bladder (70%) and had favorable 
histology (80% embryonal or botryoid). Of these 
tumors, 69% were >5 cm in diameter, 84% were 
group II, and 56% were invasive T2 tumors. The sur- 
vival rate at 6 years was 82%, and event-free survival 
at 6 years was 77%. Of all the patients entered in the 
study, 40% (36/88) survived event free, with appar- 
ently normal functioning bladders. The authors state 
that more precise long-term evaluation of bladder and 
sexual function will be required using such tools as 
urodynamic studies and validated patient surveys. 161 

In an outcome analysis of 13 patients with lower 
urinary tract RMS at the Hospital for Sick Children 
in Toronto, the authors proposed a strategy of induc- 
tion chemotherapy followed by surgical excision and 


reconstruction without radiotherapy, which provided 
a high cure rate without the late sequelae of pelvic 
radiotherapy. 16? The survival rate in this small group 
of patients was 80%. They suggested reserving radio- 
therapy for residual and metastatic disease and for 
patients with unresectable disease and those with 
microscopic disease. Their approach included per- 
forming re-excision should microscopic disease be 
found in the final pathology report. 

Arndt et al reviewed bladder function retention 
with a bladder preservation approach in patients with 
non-metastatic bladder or prostate RMS enrolled in 
IRS IV.1°! Of 90 patients, 88 had sufficient informa- 
tion for review, with most tumors in the bladder, 
large, favorable histology, unresectable, and invasive. 
All received alkylating-based chemotherapy, and 74 
received radiation. As one of the goals of the protocol 
was organ preservation, initial radical resection was 
not recommended. Patients underwent initial biopsy 
with initial complete resection only if organ preserva- 
tion was possible, with extirpation reserved for 
biopsy-proven residual after completion of therapy, 
or progression of disease and early treatment failure 
after chemotherapy and radiotherapy, Overall and 
event-free survival rates at a median follow-up of 6.1 
years were 82% and 77%, respectively. Events 
included three second malignancies, one toxic death, 
and 18 relapses (14 (78%) deaths with relapse). Blad- 
der preservation without relapse was achieved in 55 
patients, 40% of whom had normal bladder function 
defined as lack of incontinence, dribbling, hydro- 
nephrosis, or enuresis after age 10 years at a median 
follow-up of 9 years. The authors advocated conserv- 
ative delayed surgery in this group of patients and rec- 
ognized the need for continued long-term evaluation 
of bladder function in these patients as radiation treat- 
ment may have late effects. 


Female genital tract 


From 1972 to 1996, with the advent of effective 
chemotherapeutic regimens, the rate of surgical 
tumor resection for vaginal/uterine RMS decreased 
from 100% to 13%. Management with chemotherapy 
and restrictive surgery has demonstrated excellent 
long-term survival and frequent uterine preservation. 
Arndt et al reviewed the 151 patients with RMS of 
the female genital tract out of the 4272 enrolled in 
IRS I-IV with RMS. Overall 5-year survival was 
82%. Chemotherapy was primarily VAC based. Local 
control was surgery alone in 42%, surgery and radio- 


therapy in 19%, biopsy and radiotherapy in 12%, and 
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biopsy without radiotherapy in 21% (no local ther- 
apy). Many patients with primary vaginal tumors 
received delayed radiotherapy or had it omitted with 
excellent outcome. Hysterectomy rates decreased 
from 48% in IRS IHI to 22% in IRS MAY, with an 
increase in radiotherapy from 23% in IRS II to 45% 
in IRS IV. There was no significant difference in sur- 
vival over the course of the four trials for patients 
with localized embryonal/botryoid tumors. Prognos- 
tic factors included improved prognosis for age 1-9 
years, embryonal histology, NO disease, non-invasive 
tumors, and the use of IRS III or IV treatment pro- 
tocols. Patients outside of the 1-9 year age range par- 
ticularly benefited from the intensified treatment of 
IRS III or IV (5-year survival 67% IRS I-I vs 90% 
IRS I-IV); 43% of deaths of patients with group 
I-III tumors were from toxicity. Unlike RMS at other 
sites, in this subgroup of patients, 67% of those who 
developed recurrent disease were salvaged with multi- 
modal treatment, including chemotherapy, surgery, 
and radiotherapy if not previously received. The 
authors recommend continued use of primary 
chemotherapy of VA for group I or II embryonal 
RMS and VAC for group III disease, with individu- 
alized local treatment plans based on tumor site and 
histology. Non-embryonal female genital tract RMS 
should receive intensified chemotherapy, as they are 
of intermediate recurrence risk. Delayed radiotherapy 
is recommended for selected patients, such as those 
with positive margins after chemotherapy and local 
surgery, those with vulvar embryonal group II or IN 
tumors, and all those with embryonal lesions who are 
lymph node positive.!6 


Unfavorable histology clinical groups | 
and II tumors 


The poor outcome for children with clinical group I 
alveolar tumors was recognized in IRS I.? All these 
children therefore received intensive VAC 
chemotherapy in IRS II. This treatment modification 
increased the 3-year disease-free survival rate from 
43% to 69%.!° In IRS III, therapy was further inten- 
sified with the use of a VADRC-VAC-cisplatin-con- 
taining regimen. The 5-year PFS (71 + 6%) and 
overall survival (80 + 6) rates were significantly 
improved over those for comparable patients treated 
on IRS II protocols.° 

Despite using an intensified chemotherapy regimen 
in IRS HI compared with the first two studies, 
patients with unfavorable histology (alveolar or undif- 
ferentiated) who did not receive radiotherapy fared 


worse than those who received radiotherapy in this 
study or historically. Pooled data from IRS I, II, and 
II on all undifferentiated and alveolar RMS demon- 
strated that radiotherapy was associated with 
improved FFS (73 vs 44%, 10 years; p = 0.03), with 
fewer local, regional, and distant relapses.°+ In a 
review of IRS I, II, and III group 1 patients, Wolden 
et al identified that tumors >5 cm and alveolar histol- 
ogy were associated with poorer FFS. GU primary 
site conferred both an overall survival and FFS advan- 
tage for embryonal RMS but not for alveolar RMS or 
undifferentiated sarcoma.!®* IRS IV found no 
improved survival in alveolar histology compared 
with IRS II.!42 


Local therapy: results of multi-institutional 
trials 


Although RMS is a chemosensitive tumor, drugs 
alone cannot cure most children who have this dis- 
ease. Surgical resection alone or in combination with 
irradiation is necessary for local control of the tumor, 
which is essential as nearly half of those children who 
die of this tumor fail at the primary site. 


Radiotherapy 


Radiotherapy has been used to eradicate residual 
microscopic or macroscopic tumor cells following 
surgery or chemotherapy. In response to the results of 
several trials, radiotherapy doses now vary according 
to the patient age, tumor site, and amount of residual 
tumor. 1/65 

Intensified chemotherapy and second-look surgery 
have decreased the use of radiotherapy and extensive 
primary surgery for patients with vaginal and vulvar 
RMS.!° In addition, the use of early radiotherapy, 
aggressive chemotherapy, and second-look surgery 
has dramatically decreased the use of radical surgery 
to treat children with genitourinary RMS.°-166 

Currently, microscopic residual disease is treated 
with 40 Gy of radiation to the tumor bed and a 2 cm 
margin. In IRS IV, radiotherapy of completely 
resected tumors with unfavorable features (large size, 
unfavorable site, nodal involvement) was mandated, 
with gross residual disease requiring higher doses of 
45-55 Gy, depending on the site and size of the 
tumor.544 

Further, to increase local control and decrease the 
acute and late adverse effects of radiotherapy, IRS IV 
evaluated hyperfractionated radiotherapy in patients 
with unresectable or metastatic disease. A total of 559 
patients with group II RMS were enrolled, of which 
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490 were eligible for randomization. Of these 239 
were randomized to hyperfractionated radiation ther- 
apy and 251 to conventionally fractionated radiother- 
apy. There was no statistical difference in overall 
survival or FFS between the two radiation treatment 
methods, and no difference between the two treatment 
groups when analyzed for age, gender, tumor size, 
invasiveness, nodal status, histology, or primary site. 
The recommendation from the analysis is that the stan- 
dard of care for group I RMS remains chemotherapy 
and conventionally fractionated radiation therapy.!4? 


Surgery 


Surgical approaches to the treatment of RMS have 
also been influenced by the multi-institutional studies. 
Nodal involvement is very common among patients 
with GU tumors; therefore, nodal sampling should be 
considered at the time of initial staging.!4!°7 If per- 
formed within 35 days of the primary procedure, sur- 
gical re-excision may benefit patients with 
microscopic positive residual tumor; however, such 
re-excision may be difficult with the lack of a measur- 
able target. 145-162168 


Summary 


IRS III trials in patients with group III special pelvic 
primary tumors (bladder, prostate, vagina, and 
uterus) clearly demonstrated that these patients bene- 
fited from the more complex therapy. Addition of 
doxorubicin (ADR) and cisplatin (CDDP), with or 
without second-look surgery, or dactinomycin 
(AMD) + VP16 to VAC improved outcome as com- 
pared with the results with VAC with or without 
second-look surgery in IRS II (83% vs 72% 5-year 
survival rate). Of the 90 patients who achieved com- 
plete response (CR), 29% (26/90) were rendered 
tumor free by second-look surgery. They also con- 
cluded that the introduction of radiotherapy in 
patients with tumors in the bladder neck/trigone or 
prostate may have had a favorable impact on out- 
come. Finally, there was a more than doubling of the 
bladder salvage rate, which was attributed to the more 
intensive therapy used in IRS MI. 

Figure 60.4 summarizes the protocol for low-risk 
genitourinary RMS in the present IRS trial. 


Chemotherapeutic agents 


Doxorubicin 


IRS I, II, and II randomized group III and IV tumor 
patients to VAC with or without doxorubicin with 


similar radiotherapy. No benefit to doxorubicin was 
detected. 


Cisplatin and etoposide 


IRS NI evaluated VAC vs VAC-doxorubicin + cis- 
platin vs VAC-doxorubicin-cisplatin + etoposide, 
with all patients receiving radiotherapy. There was no 
benefit of any of the additional agents over VAC alone. 


lfosfamide 


Severe acute renal tubular toxicity was noted for ifos- 
famide when combined with carboplatin in children 
with sarcomas compared with ifosfamide alone or with 
cisplatin, whereas combination use with cisplatin was 
associated with delayed renal tubular toxicity. 16? Skin- 
ner et al identified risk factors associated with nephro- 
toxicity from ifosfamide in 148 young sarcoma patients. 
Reduction of risk for nephrotoxicity was noted with 
doses <84 g/m,” whereas doses >119 g/m? were asso- 
ciated with a very high risk of severe toxicity. 170 


Melphalan 


Melphalan is active in previously untreated RMS and 
was combined with vincristine in IRS IV in compar- 
ison with ifosfamide—etoposide and ifosfamide—dox- 
orubicin (DOX) for metastatic disease in an upfront 
window. Despite high response rates, the melphalan 
group required more dose reduction of cyclophos- 
phamide and had higher rates of secondary malig- 


nancy and inferior overall survival. 126-148 


Topotecan 


Chastagner et al reported that topotecan potentiates 
the radiation response of two different human RMS 
tumors xenografted into nude mice. Five days of con- 
comitant topotecan and radiotherapy had a synergis- 
tic therapeutic effect, with the efficiency of the 
combined regimen resulting in similar effect at a radi- 
ation dose of 20 Gy to the 40 Gy of radiation 
alone.!7! Topotecan administered to 40 patients with 
stage 4 RMS resulted in a 45% complete and partial 
response rate.!2 Fifteen patients with recurrent or 
refractory RMS were treated with a combination of 
topotecan and cyclophosphamide, with 10 achieving 
a partial or complete response.!72 


Investigational 


Differentiation therapy is a novel approach for cancer 
treatment in which the principle is to transform 
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malignant cells into mature cells and decrease side 
effects of classical chemotherapy such as drug resis- 
tance and cytotoxicity. This technique has shown in- 
vitro effectiveness using GR-891 and QF-3602, 
5-fluorouracil acyclonucleoside derivatives, against 
RMS cell lines, by inducing terminal myogenic differ- 
entiation with no cytotoxicity, increased adhesion 
capability, and no induction of ZDR1, a gene that 
induces multidrug resistance. 173-174 

Antiangiogenesis therapy is a novel treatment 
approach of great research interest. The angiogenesis 
stimulators, vascular endothelial growth factor 
(VEGF), basic fibroblast growth factor (bFGF), and 
interleukin-8 (IL-8), have all been identified as prod- 
ucts of ERMS, and effective antiangiogenic therapies 
may require multiple drugs to target several angio- 
genic factors.!75 Landuyt et al induced tumor necro- 
sis in subcutaneous RMS in rats using the 
angiogenesis inhibitor TNP-470, with both tumor 
volume and drug dose affecting treatment outcome 
and therapy found to be potentially useful in treating 
progressive tumor growth and large tumors.!7° Anti- 
bodies to VEGF have been shown to decrease growth 
of RMS cell lines; however, there is up-regulation of 
host VEGF in response to hypoxia, indicating a need 
to completely block VEGF for maximum tumor inhi- 
bition.” VEGF and VEGF receptor 2 (fetal liver 
kinase 1 (Flk-1)) play a role in tumor angiogenesis. 
Dc101, an anti-Flk-1 antibody, in conjunction with 
doxorubicin demonstrated greater antitumor activity 
in RMS cell lines xenografted in immunodeficient 
mice than doxorubicin alone.!78 

An alternative method of targeting tumor-specific 
vascularization is antivascular therapy, which would 
target inadequate and ill-structured tumor vascula- 
ture. Combretastatin A4 phosphate is an antivascular 
drug that when administered systemically to rats 
induced growth delay in solid RMS with a greater 
effectiveness with larger tumor volume.!”? As 
opposed to small or medium tumors, large tumors 
had a better response with the addition of radiother- 
apy to combretastatin A4 phosphate. The addition of 
the antiangiogenesis drug TNP-470 demonstrated no 
added therapeutic effect.18° 


Late effects of therapy 


Because of the improved long-term survival and the 
use of intensified chemotherapeutic regimens, several 
serious and potentially life-threatening therapy- 
related complications have emerged. In IRS IV pilot 
studies, the incorporation of ifosfamide into front- 


line therapeutic protocols for children with unre- 
sectable tumors was associated with a 14% incidence 
of renal toxicity. Factors that contributed to that tox- 
icity included high doses of ifosfamide (>72 g/m7), 
age younger than 3 years, and pre-existing renal 
abnormalities such as hydronephrosis.181182 Toxici- 
ties for the final IRS IV trial included >90% myelo- 
suppression, 55% severe infections, and only 2% 
severe renal toxicity. Toxic deaths were highest in the 
VAC regimen in patients with pre-existing renal 
abnormalities (3/56), with rates for other regimens 
<1% (neutropenia with septicemia = 6, metabolic = 
l, and other = 1).14? 

Of the 109 patients with bladder and prostate 
tumors who were treated in IRS I and I, 29% devel- 
oped post-therapy hematuria, 29% showed evidence 
of delayed pubertal development, and 10% had 
growth retardation. 183 

The occurrence of second malignant neoplasms is 
one of the most devastating sequelae of successful 
contemporary therapy. Of the 1770 patients enrolled 
in IRS I and I, 22 developed second malignant neo- 
plasms (10-year cumulative incidence rate of 1.7%). 
The most common malignancies were bone sarcomas 
(n = 11) and acute non-lymphoblastic leukemia (7 = 
5). The median time to development of these neo- 
plasms was 7 and 4 years, respectively.!84 In the IRS 
II trial, acute myeloid leukemia occurred in 5 of the 
1062 patients enrolled. All of the patients received the 
alkylating agent cyclophosphamide, and four received 
etoposide. The median time to development of acute 
myeloid leukemia was 39 months; median follow-up 
was 3.7 years.!85 IRS IV had 10 second malignancies 
in the initial report (myelodysplastic syndrome/acute 
myeloid leukemia = 4, acute lymphoid leukemia = 1, 
lymphoblastic lymphoma = 1, osteogenic sarcoma = 
1, leiomyosarcoma = 1, undifferentiated sarcoma = 
1, and primitive neuroectodermal tumor = 1), for a 
3-year cumulative risk in locoregional disease on IRS 
IV of 2%.!#7 A large review of secondary malignan- 
cies in long-term survivors of childhood RMS was 
performed by Scaradavou et al.!8° They reported on 
130 patients, with a median follow-up of 9 years. 
Seven patients (5.4%) developed secondary malig- 
nancies, including three with acute non-lymphoblastic 
leukemia and four with solid tumors. This study iden- 
tified an increased risk of secondary neoplasms in 
patients receiving the chemotherapeutic agents car- 
mustine and doxorubicin. They did not find radio- 
therapy to be a significant risk factor in contrast to the 
findings from the Late Effect Study Group, which 


reported an increased incidence of secondary neo- 
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plasms within prior radiation fields. Additionally, 
there are case reports in the literature of other sec- 
ondary malignancies after RMS treatment, including 
adenocarcinoma of the colon associated with radia- 
tion colitis 13 years after treatment for bladder RMS, 
bladder transitional cell carcinoma 8 years after 
cyclophosphamide for ERMS, and Hodgkin’s disease 
after childhood RMS therapy.!87 


Residual disease 


Residual disease after treatment is a risk factor for 
local recurrence. Differentiation of residual tumor 
from fibrosis can be very difficult on CT and MRI. 
Positron emission tomography (PET) scanning with 
fluorodeoxyglucose (FDG), which has been found to 
have a high uptake in many different tumors, may 
help with this differentiation in the future. These 
techniques may also be useful in screening for 


metastatic disease.!32 


Recurrence 


Review of IRS I-III for group 1 patients found 
86/439 patients relapsed, with median follow-up of 
12.9 years for IRS I, 9.1 years for IRS II, and 4.6 
years for IRS III. Relapses in these patients occurred 
within 1 year in 48% and 3 years in 93% of patients, 
while two patients relapsed as late as 10 years after 
diagnosis.!© In IRS III, the estimated 5-year cumu- 
lative incidence of local failure was 19%, regional 
nodal was 2%, and distant recurrence was 11%. 
Lymph node involvement at diagnosis was the single 
factor most predictive of increased total local failure 
risk (5-year cumulative incidence of 32%), compared 
with children with negative nodes or unknown node 
status (16%). The 5-year FFS and overall survival 
rates were 70% and 78%, respectively.!5! 

IRS IV had a 3-year estimated cumulative incidence 
of local, regional, and distant failures of 10%, 4%, and 
7%, respectively.!4* Retrospective analysis of survival 
for 605 patients after relapse in IRS I and IV 
revealed that 5-year survival depended significantly on 
histology (64% of botryoid, 26% of embryonal, and 
5% of alveolar). Within the embryonal group, stage 
and group at presentation affected probability of 
relapse survival (52% stage 1/group I; 12% stage 
4/group IV), but the type of relapse was only influen- 
tial in initial stage 1/group 1 disease, with local relapse 
survival 72% and distant 30%. Relapse in alveolar 
RMS was associated with better survival after an initial 
group 1 tumor compared with other initial presenta- 
tions despite location of recurrence (40% vs 3%).188 


From the IRS trials MI, IV, pilot and IV, the 10-year 
late event (disease recurrence, second malignant neo- 
plasm, or death from other causes) rate was estimated 
at 9%. The estimated cumulative incidence of the spe- 
cific subtypes of failures at 5 and 10 years were 2.4% 
and 2.7% for recurrence, 1.9% and 2.4% for second 
malignant neoplasms, and 0.8% and 3.5% for death as 
a first event, respectively. Patients with both advanced 
disease (group IM/IV) and large primary tumors at 
diagnosis (>5 cm) were at the highest risk for late 
events. The probability of a late event in that high-risk 
group of patients was 19%.!8° Relapse in ARMS con- 
tinues to have a dismal clinical outcome, prompting 
ongoing evaluation of novel therapies. Dagher et al 
evaluated the effectiveness and toxicity of a peptide 
pulsed vaccination targeting the breakpoint region of 
fusion proteins administered concomitantly with con- 
tinuous IL-2 infusion. Treatment did not alter the poor 
outcome for all 16 translocation positive Ewing sar- 
coma and ARMS patients who continued to have pro- 
gressive disease after immunization. All patients in this 
trial were significantly immunocompromised and had 
large bulky tumors. 190 


Conclusion 


The advances in understanding the biologic and 
genetic features of RMS, as well as the development 
and scheduling of new drugs, have improved the sur- 
vival of these children. However, several challenges 
still remain. These include the refinement of risk- 
directed therapy based on the understanding of newly 
recognized biologic and clinical features. The use of 
newly developed hematopoietic growth factors will 
allow dose intensification, which may offer improve- 
ment in children with metastatic or recurrent disease. 
Finally, genetic abnormalities such as translocation 
(PAX3-FKHR and PAX7—FKHR) in alveolar tumors 
may provide molecular targets for future therapies. 


Other pelvic tumors 


Transitional cell carcinomas 


Bladder tumors rarely occur in the first two decades of 
life and are commonly of mesodermal origin. These 
are low-grade transitional cell carcinomas that seldom 
recur.!?!-197 Some of these tumors occur secondary to 
cyclophosphamide therapy.146-128-201 In more than 
90% the lesions are solitary. Pathologically, 80% of 
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these tumors are grade I or papilloma, 20% are grade 
I-II tumors, and only 3% are invasive through the 
lamina propria. The recurrence rate is low (2-5%). 

Presenting symptoms include gross hematuria in 
80% of the patients, irritative voiding symptoms or 
recurrent urinary tract infections in 15%, and micro- 
scopic hematuria in 8% of patients. 

The initial diagnosis can be made by ultrasound, 
which in some series was found to be 100% sensitive. 
Intravenous pyelography and CT scans may not be 
able to detect small tumors. Cytologic evaluation is of 
limited value, as most of these tumors are low-grade 
transitional cell carcinoma. 191-202 

Cystoscopy allows definitive diagnosis, staging, and 
treatment of these tumors. Its role in surveillance 
remains ill defined, particularly because it requires gen- 
eral anesthesia and because the risk of recurrence is low. 


Nephrogenic adenoma of the bladder 


This rare, benign lesion of the bladder occurs as an 
epithelial response to infection or trauma. It presents 
as a papillary lesion resembling a low-grade, low-stage 
transitional cell carcinoma.™®3-206 There is a signifi- 
cant predominance of girls to boys (5:1). The medical 
history in all cases is remarkable for previous bladder 
surgery or inflammation. This benign lesion is 
believed to represent urothelial transformation in 
response to trauma or inflammation.?° 

Most children present with unspecific symptoms of 
gross hematuria, dysuria, and bladder instability. 
Final diagnosis is established after cystoscopy and 
histopathologic review of a tumor biopsy specimen. 
Tumor recurrence develops in 80% of the children, 
with a latency period of 4 years. Therapy consists of 
transurethral resection, long-term antibiotic therapy, 
and periodic cystoscopy.??3-206 


Leiomyosarcoma 


These tumors are rare in the pediatric age group and 
account for <2% of all soft tissue sarcomas; their 
diagnostic features and biologic behavior appear sim- 
ilar to those in adults. The most important features in 
assessing malignant potential are tumor size and 
mitotic counts. Local excision usually provides ade- 
quate therapy.2°7-29 


Urachal adenocarcinoma 


This very rare tumor accounts for only 0.17-0.34% 
of all bladder neoplasms. It usually occurs in adults, 
but there are several reported cases in children. This 


mucin-producing or colloid adenocarcinoma arises 
from the juxtavesical segment of the urachus and 
invades the bladder. The presenting symptoms are 
hematuria and bladder irritative symptoms. The pri- 
mary treatment is surgical resection. The prognosis is 
poor because its location predisposes to extensive 
local spread before detection and diagnosis.?!1,212 


Adenocarcinoma of the extrophied bladder 


This tumor occurs more frequently in adults than in 
children. It occurs in patients who have not had blad- 
der reconstruction and is rarely found in a recon- 
structed bladder.?!3-223 

Pathologically, the epithelial lining of the bladder is 
replaced with colonic epithelium. The histochemistry 
comprises cells containing colon-specific mucin and 
carcinoembryonic antigen. In many of these tumors 
dysplasia of the colonic epithelium is found, with an 
area of colonic exophytic adenocarcinoma. 


Mesonephric adenocarcinoma of the 
female genital tract 


This rare and highly malignant tumor can occur at 
any age. Approximately 30% of such tumors occur in 
children. Evidence that these tumors originate from 
the mesonephric (wolffian) rests includes their tubu- 
lar structure and their occurrence along the tract of 
the mesonephric duct or its remnants (vagina, cervix, 
uterus, and salpinx). The clinical, gross pathologic, 
and radiographic presentations of vaginal meso- 
nephric carcinomas may be indistinguishable from 
those of ERMS. The presenting symptoms are vagi- 
nal bleeding or a vaginal mass. Radiographic features 
are similar to RMS and include grape-like clusters of 
tumor nodules within the vagina. Treatment includes 
radical excision, radiotherapy, or both.??+?° 


Clear cell adenocarcinoma of the vagina 
or cervix 


Maternal diethylstilbestrol (DES) prior to 18 weeks’ 
gestation has been strongly implicated in the etiology 
of this tumor. The age of the DES-exposed patients 
has varied from 7 to 34 years old, with the highest 
frequency from 14 to 22 years old. The risk among 
the exposed is in the order of 1 in 1000.227-229 

The rarity of this tumor among exposed women 
suggests that DES is not a complete carcinogen but 
that some other factors are also involved in the patho- 
genesis of clear cell adenocarcinoma of the vagina and 


cervix.229-236 
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Cavernous hemangiomas of the bladder 


This hamartoma is a rare benign tumor of the bladder 
that usually presents with macroscopic hematuria. In 
about 30% of cases, the bladder tumor is associated 
with angiomatous lesions in other parts of the body. 
The diagnosis may be suspected on ultrasound exam- 
ination but it is generally made at cystoscopy.?37-240 
Blood-pool scintigraphy using technetium 99m 
(°°™TC) human serum albumin combined with 
DTPA usually reveals an area of increased activity in 
the bladder.?4! Biopsy and transurethral resection 
must be avoided because of the risk of hemorrhage. 
Laser treatment of hemangiomas has been reported 
and should be the initial management.”#! Should laser 
coagulation fail, partial cystectomy appears to be the 
most effective method of treatment.23?:242 
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Exstrophy and epispadias 


Linda A Baker and Richard W Grady 


Introduction 


The exstrophic diseases, referred to collectively as the 
exstrophy-epispadias complex,! are considered a 
spectrum of embryologic malformations related by 
certain principal anatomic features. This complex 
includes: 


E Epispadias — the urethra is a partial or complete 
open plate on the dorsal surface of the phallus. 

E Classic bladder exstrophy — the bladder is an open 
plate on the low abdominal wall and the urethra is 
epispadic. 

E Cloacal exstrophy — the bladder and the ileocecal 
junction of the bowel are an open plate on the low 
abdominal wall associated with other malforma- 
tions. 

E Exstrophy variants — partial manifestations are seen 
of the above malformations. 


Formal historical descriptions of exstrophy date 
back to at least 1597 with Sherk Von Grafenberg’s 
description of this congenital defect; possible depic- 
tions of exstrophy also exist on Assyrian tablets from 
2000 Bc. Chaussier first coined the term ‘exstrophie’ 
to describe this defect in 1780 following detailed 
descriptions of it by Mowat in 1748. Because exstro- 
phy can be a non-lethal defect, its natural history is 
known and has been well described. Since the 19th 
century, various efforts to manage exstrophy have 
been described. Because exstrophic conditions are 
rare, these approaches were empiric and often unsuc- 
cessful. Until the 20th century, no effective surgical 
remedy was available to consistently ameliorate the 
morbidity associated with bladder exstrophy. 

As we enter a second century of surgical care of the 
child affected by bladder exstrophy, epispadias, or 
cloacal exstrophy, a review of this history is a tri- 
umphant story for pediatric urology and pediatric 
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surgery alike. These birth defects represent some of 
the most complex that pediatric urologists manage 
Although great strides in management have been 
made, many challenges still exist. 


Anatomic pathology 


Bladder exstrophy 


Brock and O’Neill described exstrophy as ‘if one blade 
of a pair of scissors were passed through the urethra 
of a normal person; the other blade were used to cut 
through the skin, abdominal wall, anterior wall of the 
bladder and urethra, and the symphysis pubis; and the 
cut edges were then folded laterally as if the pages of 
a book were being opened.” (Figure 61.1) 

Anatomic features of exstrophy include the pres- 
ence of a layer of urothelium on the anterior abdom- 
inal wall representing the bladder and urethra. At 
birth, the urothelium is usually normal in appearance. 
However, ectopic bowel mucosa or polypoid lesions 
consistent with cystitis cystica and/or glandularis may 
be present. If left untreated and without meticulous 
protection after birth, the exposed urothelium will 
undergo squamous metaplasia in response to acute 
and chronic inflammation. Other inflammatory 
changes such as cystitis cystica and/or glandularis will 
also be seen.? When left chronically exposed to the 
environment, the areas of squamous metaplasia often 
undergo malignant degeneration to adenocarcinoma 
or squamous cell carcinoma.*® 


Associated anomalies 


Classic exstrophy and epispadias have a relatively low 
incidence of associated anomalies. In contrast, 
patients with cloacal exstrophy have associated anom- 
alies more often than not.67 These anomalies can 
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Figure 61.1 Newborn boy with classic bladder exstro- 
phy. Note evidence of anterior placement of the blad- 
der and epispadic urethra. 


affect the upper urinary tract, intestines, skeletal 
system, and neurologic system. 


Kidneys and upper urinary tract 


Renal anomalies can occur with bladder exstrophy 
but they are not characteristic. Associated renal 
abnormalities include cystic dysplasia, ureteropelvic 
junction (UPJ) obstruction, pelvic kidney, mega- 
ureter, renal hypoplasia, and horseshoe kidney.’ In 
contrast, vesicoureteral reflux (VUR) occurs almost 
universally after exstrophy closure owing to the lateral 
placement of the ureters on the bladder plate in asso- 
ciation with the lateral and inferior approach of the 
ureters into the bladder. 


Genitalia 


In males the penis is broad and shortened because the 
corpora cavernosa are splayed laterally, attached to 
the separated pubic bones. The penis is deflected dor- 
sally and may have true intrinsic dorsal chordee 


Figure 61.2 Newborn boy with classic bladder exstro- 
phy. The phallus is pulled downward. The white arrow 
indicates the posterior urethra and location of veru- 
montanum. 


(Figure 61.2). Because of the varying degree of dias- 
tasis associated with exstrophy, the penis appears vari- 
ably foreshortened. Further, magnetic resonance 
imaging (MRI) evaluation of the penile length of 
adult male exstrophy and epispadias patients reveals 
that the total corporeal length is significantly shorter 
than in a control population. This corporeal shorten- 
ing apparently results from a foreshortened anterior 
segment (distal to the pelvic attachment); the poste- 
rior corporeal segment is unaffected in exstrophy 
patients (Figure 61.3).° It seems that in most cases, 
the length of the penis and the size of the exstrophic 
bladder plate are inversely related. 

The short urethral plate also creates the appearance 
of the glans penis lying in close approximation to the 
prostatic utricle. The ejaculatory ducts empty at the 
prostatic utricle exposed on the urethral plate. The vas 
and ejaculatory ducts are probably unaffected in clas- 
sic exstrophy unless iatrogenically damaged.!° Inner- 
vation to the penis is also preserved. The cavernosal 
nerves are located on the lateral aspects of the corpo- 
real bodies. In the normal situation, these nerves can 
be found on the dorsal aspect of the penis after they 
traverse the posterolateral aspects of the prostate and 
the membranous urethra.!? The prostate is also 
incompletely formed in exstrophy.!”!% The scrotum is 
usually not affected, although most exstrophy patients 
have an increased distance between the base of the 
penile shaft and the scrotum and a broadening of the 
scrotum dependent on the degree of diastasis. The 
testes may be undescended. Because of the underlying 
bladder neck anomalies, exstrophic males may have 
impaired fertility. A particular problem is retrograde 
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Figure 61.3 Penile and pelvic measurements in normal men and patients with exstrophy. ISD, intersymphyseal dis- 
tance; aCC, corpora cavernosa subtended angle; Cdiam, corpus cavernosum diameter; PCL, posterior corporeal 
length; ICD, intercorporeal distance; ACL, anterior corporeal length; TCL, total corporeal length.’ 


ejaculation if the bladder neck cannot close com- 
pletely following bladder reconstruction.!+!¢ 

In the female with bladder exstrophy or female 
epispadias (Figure 61.4), the mons pubis is absent. In 
association with a bifid clitoris, the anterior labia are 
laterally displaced although they fuse in the midline 
posteriorly. The vagina and introitus are also dis- 
placed anteriorly from their usual position. The vagi- 
nal opening may be stenotic in these patients but we 
have not found this to be a characteristic feature. 
Stenosis can result from improper primary closure. 
Internal female genital structures (uterus, cervix, fal- 
lopian tubes, and ovaries) are unaffected in classic 
exstrophy. Uterine prolapse as a result of deficient 
pelvic floor support can occur in the older exstrophy 
patient and poses particular problems with preg- 
nancy.!” Early primary bladder reconstruction with 
pelvic closure may decrease this risk. Uterine suspen- 
sion procedures such as sacrocolpopexy can be 
employed in these situations as well. 


Anorectal and intestinal abnormalities 


The anus is often located anteriorly in the exstrophy 
complex. Surgical procedures involving these patients 
should preserve the anal sphincter mechanism. How- 
ever, a few exstrophic patients will have insufficient 
anal continence due to the underlying abnormalities 
of the pelvic floor support structures including the 
levator ani and puborectalis muscles. Anal sphincter 


Figure 61.4 Female epispadias in a 5-year-old. Chronic 
perineal skin changes are due to lifelong frank urinary 
incontinence. Note the depressed mons pubis, bifid 
clitoris, outwardly rotated labia minora, and open 
gaping urethral meatus just above the vaginal introitus. 


weakness impacts not only fecal continence but also 
limits the use of ureterosigmoidostomy and its vari- 
ants; i.e. rectal bladder, ileocecal ureterosigmoidos- 
tomy, etc. In untreated patients rectal prolapse can 
also occur owing to insufficient pelvic floor support. 
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Figure 61.5 Plain abdominal radiograph demonstrat- 
ing pubic diastasis in a patient with bladder exstrophy. 


This is usually definitively treated with formal exstro- 
phy repair that corrects the lack of anterior pelvic sup- 
port. In the interim, most rectal prolapse is 
intermittent and reducible.! 


Skeletal abnormalities 


Diastasis of the pubic symphysis occurs as part of the 
exstrophy complex (Figure 61.5). This results from 
outward rotation of the innominate bones along both 
sacroiliac joints. Outward rotation of the pubic rami 
at the iliac and ischial junctions is also seen. Sponseller 
et al have quantified the differences in the pelvic 
anatomy of patients with exstrophy, noting (1) a 12° 


external rotation of the innominate bones on the 
sagittal axis, (2) retroversion of the acetabula, (3) 
increased distance between the triradiate cartilage, (4) 
18° external rotation and shortening (by 30%) of the 
anterior segment of the iliac bone, and (5) external 
rotation of the posterior segment of ileum (Figure 
61.6).!8 These pelvic bone abnormalities contribute 
to splaying of the penis noted with exstrophy and 
epispadias and cause the penis to appear foreshort- 
ened. Gait abnormalities in these children arise as a 
consequence of these bone abnormalities. Many of 
these children learn to ambulate with a wide waddling 
gait. This gait abnormality resolves as the children 
grow. Orthopedic procedures to reapproximate the 
pubis symphysis do not appear to offer any long-term 
benefits to these patients from an orthopedic view- 
point. Osteotomies to reapproximate the pubis sym- 
physis do, however, increase the chance of successful 
primary bladder closure in selected patients and may 
have a significant role in securing continence and sup- 
port of the pelvic diaphragm. 1°20 


Fascial abnormalities 


Fascial abnormalities include the rectus fascial defect 
associated with the exposed bladder. Inferiorly, the 
pelvic floor support structures are also compromised. 
At the inferior portion of the fascial defect, these 
patients possess an anteriorly located intersymphyseal 
ligament or band representing the attenuated urogen- 
ital diaphragm. The rectus muscles diverge laterally 
with the widened pubis symphysis. This abdominal 


defect is most severe in cloacal exstrophy. 


Anterior segment 


Posterior segment 


Intertriradiate 
distance (131%) 


Figure 61.6 The anatomy of the normal bony pelvis is seen in transverse view. Superimposed are the deviations 
observed in the pelvis of classic bladder exstrophy patients. In the posterior segment, each half is externally rotated 
12°. The acetabulae are retroverted, yielding an increased intertriradiate distance. In the anterior segment, each half 


is externally rotated 18° and is on average 30% shorter."8 
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Figure 61.7 Evidence of an inguinal hernia in this new- 
born male with bladder exstrophy, as demonstrated by 
the inguinal bulge. 


Inguinal hernias are commonly associated with 
exstrophy in both male and female patients?! (Figure 
61.7). The majority of these hernias occur indirectly. 
They probably occur as a consequence of the enlarged 
internal and external inguinal rings noted in these 
patients in conjunction with compromised fascial sup- 
port and lack of obliquity of the inguinal canal.? In a 
review of patients from Toronto Sick Children’s Hos- 
pital, 56% of classic male exstrophy patients and 15% 
of classic female exstrophy patients developed inguinal 
hernias over a 10-year period. The authors recom- 
mended these hernias be repaired at the time of pri- 
mary bladder closure to prevent incarcerated hernias, 
which could affect up to 50% of these patients in the 
first 2 years of life.” Reinforcement of the transversalis 
and internal oblique fascia during hernia repair 
decreases the incidence of later direct inguinal hernias. 
Umbilical hernias also uniformly occur with exstrophy 
and are repaired at the time of the primary repair. 

An omphalocele can also be found in association 
with classic bladder exstrophy, although this is rare.?5 


Neurologic system 


Spinal cord abnormalities are the exception rather 
than the rule in bladder exstrophy. Occult spina bifida 
and even myelomeningocele can be seen in combina- 
tion with bladder exstrophy, but this is a rare occur- 


rence.?° 


Cloacal exstrophy 


The bladder plate associated with cloacal exstrophy is 
divided in half by the hindgut plate; the hindgut plate 


Figure 61.8 Newborn male with cloacal exstrophy. The 
omphalocele is small. The terminal ileum is intus- 
susepted and is the long ‘trunk’ to the patient's left. 
Each hemipenis is small, the left being smaller than the 
right. 


represents the deformation in the development of the 
colon that occurs with cloacal exstrophy. Ileum enters 
and intussuscepts into the middle of the hindgut, cre- 
ating the ‘trunk of an elephant’s face’ appearance with 
appendiceal appendages located laterally to give the 
impression of ‘tusks on the face of the elephant?” 
(Figure 61.8). 

With cloacal exstrophy, the bladder neck (internal 
urethral sphincter) and external urethral sphincter are 
not fully developed owing to the failed development 
of the bladder and urethral remnant located on the 
anterior and dorsal surfaces of the body wall and 
penis, respectively. However, because the innervation 
to these structures is usually intact, anatomic closure 
theoretically offers the possibility of achieving urinary 
continence. 17:2829 The urethral plate is characteristi- 
cally short as well. 


Associated anomalies 


Kidneys and upper urinary tract 


Renal anomalies are much more common with cloa- 
cal exstrophy. They include anomalies of location 
such as pelvic kidneys or crossed fused ectopia. 
Horseshoe kidneys, renal agenesis, and UPJ obstruc- 
tion may also occur.!7 


Genitalia 


In cloacal exstrophy the penis is often separated into 
two hemiphalluses owing to the wide pubic diastasis 
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(see Figure 61.8). This can make subsequent recon- 
structive efforts technically more challenging if a male 
phenotype is preserved. Cryptorchidism is the rule 
with cloacal exstrophy. 

For girls, in addition to the genital pathology 
described above with bladder exstrophy, uterus didel- 
phys and other fusion anomalies of the miillerian duct 
structures are seen in up to two-thirds of cloacal 
exstrophy patients. Vaginal agenesis occurs in one- 
third of girls with cloacal exstrophy. 


Anorectal and intestinal abnormalities 


Associated intestinal abnormalities specific to cloacal 
exstrophy include imperforate anus, foreshortening of 
the midgut, bowel duplication, malrotation, intestinal 
atresia, and Meckel’s diverticulum.!” These are in 
addition to the exstrophy of hindgut, ileal intussus- 
ception, and exposed appendices that are considered 
part of the primary pathology of cloacal exstrophy. 


Skeletal abnormalities 


In addition to the features seen with bladder exstro- 
phy, patients with cloacal exstrophy can have other 
skeletal abnormalities. Skeletal anomalies are seen in 
as many as 50% of patients with cloacal exstrophy. 
Anomalies include congenital hip dislocation, talipes 
equinovarus, and a variety of limb deficiencies. !8 


Fascial abnormalities 


The fascial anomalies associated with cloacal exstro- 
phy include those described above for bladder exstro- 
phy. Further, omphaloceles often occur in association 
with cloacal exstrophy.3%3! These can be closed 
during the initial bladder closure if they are small. If 
the omphalocele is large, it may require closure as a 
primary procedure with the reapproximated bladder 
halves acting as a silo to decompress intra-abdominal 
pressure. Alternatively, omphaloceles may be treated 
with antiseptic paint to promote skin overgrowth. 
Our preference is to proceed with a staged surgical 
omphalocele correction, with primary reconstruction 
of the bladder at a later date if the infant is a surgical 
candidate. In our experience, intra-abdominal pres- 
sure following omphalocele closure determines 
whether we may proceed with primary bladder clo- 
sure at the same time as the omphalocele repair or 
whether these operations must be staged. Aggressive 
one-stage closure of a cloacal exstrophy can lead to 
organ ischemia from increased intra-abdominal pres- 
sure. Rupture of an omphalocele clearly requires 
immediate attention in these patients and would take 


precedence over other considerations. Fortunately, 
this occurs rarely. 


Neurologic abnormalities 


Neurologic involvement of the lower spinal cord in 
the cloacal exstrophy population is reported to occur 
in 50-100% of patients.?!-33 Most patients have 
lumbar or sacral cord involvement, but thoracic-level 
myelodysplasia has been reported.3! Management of 
cloacal exstrophy in these situations must be coordi- 
nated with neurosurgical plans to close the neural 
tube defect. 


Epispadias 


Epispadias can be considered the least severe form of 
exstrophy. It does not involve the body of the blad- 
der. However, the urethra is represented as a plate of 
tissue located dorsally on the penis (Figure 61.9). The 
genital anomalies described above are noted with 
epispadias. These include lateral splaying of the penis 
and dorsal chordee in boys. In affected girls, the cli- 
toris is bifid, the perineal body is broadened, and the 
vagina is anterior to its orthotopic or typical position 
(see Figure 61.4). Widening of the pubic diastasis 
occurs as well. Importantly, the bladder neck is also 
frequently involved — it is often wide and incompe- 
tent. This directly affects the continence mechanism 
of these children and impacts the ability to achieve 
urinary continence. In boys with epispadias, primary 
continence is possible if the epispadias is located dis- 
tally and the bladder neck is normally formed. In girls, 
however, continence is invariably affected to some 
degree because of the associated urethral and bladder 


Figure 61.9 Penopubic epispadias in a 3-month-old 
male. Skin demarcation is due to chronic urine contact 
dermatitis in this patient. 
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neck ectasia. Because the features of epispadias are 
shared with bladder exstrophy, clinicians consider 
these anomalies as part of a spectrum of the exstro- 


phy-epispadias complex. 


Exstrophy variants 


In the exstrophy-epispadias complex, variations in 
bladder plate size and compliance are commonplace 
but no system to quantify these differences is cur- 
rently in use. Phallic size and degree of phallic separa- 
tion also vary from patient to patient. However, 
despite these variations the underlying features of this 
disease are consistent for classic forms of the exstro- 
phy complex. 

Variants from these findings have also been recog- 
nized. Patients with atypical physical findings are 
referred to as exstrophy variant patients. These 
patients have some but not all of the typical features 
of bladder or cloacal exstrophy as well as other fea- 
tures not typically associated with bladder exstrophy. 
These include covered exstrophy and superior vesical 
fissure. Patients with exstrophy variants may have 
anatomically normal genitalia despite their bladder 
and colon anomalies. 

Bladder exstrophy variants include patients whose 
anatomic features resemble classic exstrophy in regard 
to the fascial and/or symphyseal defects but who do 
not have any significant anomaly associated with the 
urinary tract. These patients are considered to have 
pseudoexstrophy.*#%> If these patients also have an 
isolated ectopic bowel segment in association with 
these findings they are referred to as covered exstrophy 
variants. Patients with superior vesical fissure also 
have the muscular and skeletal defects associated with 
bladder exstrophy, but only the upper portion of the 
bladder is affected, so that the urethra is intact and the 
genitalia are less significantly affected than with classic 
exstrophy.?” Duplicate exstrophy may occur. Patients 
with this variation have a superior vesical fissure asso- 
ciated with normal fascial abdominal wall develop- 
ment, so that components of the bladder remain 
ectopic such as urothelial elements. These patients can 
have genital anomalies consistent with classic exstro- 
phy as well, but this association is variable.?8+! 

Cloacal exstrophy variants also exist. These patients 
possess some of the features of cloacal exstophy such 
as an exposed hindgut plate and bladder plate but may 
not have the typical genital involvement. 4-44 
Hypospadias has been described in association with 
cloacal exstrophy as well as normal genitalia in both 
male and female patients. Some have been reported 


Figure 61.10 Conjoined twins connected by a mem- 
branous omphalocele sac containing a shared seg- 
ment of distal ileum, cecum, and colon draining to a 
common exstrophic cloaca; an example of an exstro- 
phy variant. 


with intact anal innervation, permitting a Peña proce- 
dure.*° These patients may also have other atypical 
features such as accessory appendages or limb malfor- 
mation. These findings, in association with prenatal 
ultrasound examinations that document twin gesta- 
tions early in some pregnancies, suggest that aborted 
conjoined twinning may be the underlying cause of 
cloacal exstrophy variation in some case#*+® (Figure 
61.10). 


Embryology 


Normal bladder development 


Normal bladder development results in an organ that 
functions to store and evacuate urine. This process, 
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known as bladder cycling, requires the bladder to 
store urine at low intravesical pressures during filling 
while maintaining continence at the level of the blad- 
der neck. Subsequent evacuation of urine from the 
bladder requires a coordinated contraction of the 
detrusor in conjunction with relaxation of the bladder 
outlet. Both normal storage and emptying require 
intact innervation of the bladder, sphincter mecha- 
nisms, and urethra.*? 

During embryogenesis, components of the urinary 
system such as the ureteral buds first appear during 
the 4th week of gestation. At this time the bladder has 
not completely formed from the anterior urogenital 
sinus. Before the bladder is completely formed, mes- 
enchyme grows inward toward the midline between 
the bilaminar (ectoderm and endoderm) layers of the 
cloacal membrane. This mesenchyme later differenti- 
ates into the abdominal wall musculature and fascia. 
Subsequent to this, the urorectal septum separates the 
bladder from rectum by growing downward between 
them. Abnormalities in the appearance, timing, and 
function of the cloacal membrane are implicated in 
the creation of exstrophy. In this fashion, the urinary 
bladder arises during the 8th week of fetal develop- 
ment when the ventral portion of the urogenital sinus 
begins to expand.?? With bladder filling, the mes- 
enchymal tissue surrounding this structure differenti- 
ates into smooth muscle, which will eventually 
become the detrusor muscle. Ingrowth of neuronal 
tissue into this smooth muscle to form motor units is 
critical to the development of a functional bladder.*° 
Embryogenesis of the pelvic floor is also important in 
normal fetal bladder development and function; the 
pelvic floor acts as a dynamic support for the bladder, 
which aids in both continence and volitional void- 
ing.>! 


Theories of pathogenesis of exstrophy 


Improvements in our understanding of embryogene- 
sis have led to some insight into the cause of exstro- 
phy. In the premodern era, trauma to the unborn 
child or ulceration of the abdominal wall and bladder 
between the 2nd and 3rd months of life was felt to be 
the underlying cause of exstrophy. Current theories 
implicate an error in embryogenesis rather than an 
event of arrested development, since the developing 
human embryo does not normally pass through a 
stage that corresponds to exstrophy.°? Animal models 
suggest that exstrophy results from pathophysiologic 
events involving the cloacal membrane. This mem- 
brane serves to separate the coelomic cavity from the 


amniotic space in early development. The cloacal 
membrane can first be identified during development 
at 2-3 weeks of gestation. By the 4th week of devel- 
opment, it forms the ventral wall of the urogenital 
sinus, with the unfused primordia of the genital 
tubercles sitting cephalad and lateral to it. With fur- 
ther development, the primordia grow and fuse in the 
midline, and mesoderm grows toward the midline, 
creating an infraumbilical abdominal wall. Simultane- 
ous to this process, the urorectal septum develops 
medially and caudally to separate the cloaca into the 
urogenital sinus and rectum.*? 

In 1962, Marshall proposed that exstrophy was 
caused by persistence of this cloacal membrane during 
fetal development based on autopsy studies of fetuses 
with bladder exstrophy done earlier in the century.” 
Persistence of the membrane would create a wedge 
effect that would keep the medially encroaching 
mesoderm from fusing in the midline.5? To further 
study this hypothesis, Muecke subsequently created 
an animal model of cloacal exstrophy using the devel- 
oping chick embryo. By placing a plastic graft in the 
region of the tail bud, he created cloacal exstrophy in 
these animals and concluded that exstrophy was due 
to persistence of the cloacal membrane, as Marshall 
had originally postulated.5? 

Other experimental models implicate the cloacal 
membrane in the pathophysiology of exstrophy as 
well. Thomalla and co-workers developed a model of 
cloacal exstrophy in the developing chick embryo by 
using a CO, laser to create an early dehiscence in the 
tail bud caudal to the omphalomesenteric vessels. 
Their results suggest that exstrophy may be caused by 
failure of the mesodermal ingrowth between the ecto- 
derm and endoderm of the cloacal membrane, which 
later ruptures to produce exstrophy. They hypothe- 
size that such an event could be caused by early 
hypoxemic infarction in the region of the tail bud, 
with subsequent cellular loss of the mesoderm, and 
herniation of the developing bladder or cloaca.>+ This 
type of ischemic injury has been implicated as the 
cause of gastroschisis and could explain the spectrum 
of exstrophy—epispadias complex.*> 

Other proposed theories for exstrophy include 
caudal displacement of the paired primordia of the 
genital tubercles. Exstrophy occurs by this mechanism 
when the primordia of the genital tubercles fuse 
caudal to their usual location relative to where the 
urorectal fold divides the cloaca into the urogenital 
sinus and rectum.*° This theory readily explains the 
spectrum of variation seen in the exstrophy—epispa- 
dias complex. However, it fails to explain the higher 
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incidence of exstrophy compared with epispadias; one 
would anticipate a higher incidence of epispadias if 
caudal displacement were the underlying cause of 
exstrophy-epispadias because it would represent the 
most minimal example of this phenomenon.” 

In 2005, a new maldevelopment theory was put 
forth for cloacal exstrophy based on a suramin- 
exposed chick model.57 When these chick embryos 
were examined at 1 or 2 days after pericardial injec- 
tion of suramin, ~8% were noted to have a midline 
infraumbilical opening into the cloaca and allantois, 
abnormal leg bud abduction, hypoplastic tail and 
allantois, broad infraumbilical pelvic region, and large 
aneurysmal dilation of the paired dorsal aortae at the 
level of the leg buds. The aortic dilation is transient, 
resolving on the 2nd and 3rd days after drug expo- 
sure, but leaving maldevelopment. These authors 
implicate the aneurysmal paired dorsal aorta as the 
primary defects leading to cloacal exstrophy in this 
animal model. 

The chick model to study bladder exstrophy has 
inherent limitations. Chicks normally possess a cloaca, 
which precludes the creation of a bladder exstrophy vs 
a cloacal exstrophy. Other animal models to study 
bladder exstrophy have been difficult to create. 
Slaughenhoupt and colleagues created an exstrophy 
model using fetal sheep. A significant increase in the 
ratio of collagen-to-smooth muscle was noted in 
exstrophic vs normal control bladders (p <0.05). 
There was no significant difference in the ratios of 
types I and III collagen in the two groups of sheep 
bladders. These histologic changes are similar in part 
to changes seen in human bladder exstrophy 
tissue.585° The underlying cause of human exstrophy 
remains in question. 


Incidence and genetics 


Bladder exstrophy occurs at a rate of 1 in 10000 live 
births to 1 in 50 000 live births.°-°! This anomaly has 
long been recognized to occur more commonly in 
males than females, with a ratio of 3—-6:1 reported in 
the literature.°?-°? Cloacal exstrophy occurs even more 
rarely, with an incidence of 1 in 200000 to 1 in 
400 000 live births,“ but is higher in stillborns, at 1 
in 10000 to 1 in 50000. 

Genetic factors involved in exstrophy remain 
incompletely defined. Because of the associated phys- 
ical anomalies with this condition, patients with blad- 
der exstrophy often have to overcome significant 
obstacles to reproduce. Men may need to resort to 


assisted reproductive techniques (such as intracyto- 
plasmic sperm injection®) because their seminal 
emissions drain from their ejaculatory ducts located at 
the base of their bladder plate, if at all. Further, sexual 
intercourse due to the accompanying deformity of the 
phallus can be difficult for some of these patients, 
although the majority have the capacity for satisfac- 
tory sexual relations. In the 1800s the prevailing 
thought declared males with bladder exstrophy as 
completely impotent because of the associated defor- 
mities of the penis.°? Women with exstrophy were 
(and still are) prone to uterine prolapse and miscar- 
riage. In the mid-19th century, few reported cases of 
women with bladder exstrophy successfully conceiv- 
ing are documented. Difficulty with conception and 
pregnancy are still a problem today despite in vitro 
fertilization and careful obstetric care.68-69 

These issues combined may explain, in part, why 
familial patterns of inheritance of exstrophy—epispa- 
dias complex are noted infrequently. To date, 37 
familial cases of bladder exstrophy have been 
reported.7° Five cases of an affected parent-child pair 
have been reported.”°”? Another 18 cases with blad- 
der exstrophy have been reported in twin pairs.”° In 
1984, a survey of pediatric urologists and surgeons 
reported nine cases related to 2500 index cases of 
bladder exstrophy; this same series also reported on 
cases of twins, and noted discordance in both frater- 
nal as well as identical twinships.7! In a study popula- 
tion of greater than 6 million births with 208 
reported cases of exstrophy, no case had a family his- 
tory for this anomaly.7* Current recommendations on 
counseling about risk of recurrence in a sibling of a 
patient with exstrophy cite an estimate of about 1%”4 
and a 1:70 chance of transmission to the progeny of 
an affected parent.7? A Florida population-based 
study found multiple births had a 46% increased risk 
of birth defects, with bladder exstrophy being the fifth 
highest adjusted relative risk. 

A genetic basis is further supported by several 
reports of karyotypic anomalies. Of 39 cases kary- 
otyped at Johns Hopkins, two patients with exstro- 
phy-epispadias complex had anomalies, including 
47XYY and a balanced translocation 46XY,t(8;9) 
(p11.2;q13).”4 A candidate gene on 9q13, contactin 
associated protein-like 3 (CNTNAP3), was evaluated, 
but a causal relationship could not be proven in blad- 
der exstrophy.”° A recent report of cloacal exstrophy 
with a de-novo unbalanced translocation yielding 
monosomy from 9q34.1-qter’” may indicate this as a 
potential genetic locus. Given the multi-organ malde- 
velopment in cloacal exstrophy, it is not surprising 
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that aneuploidies such as 47XXX,”8 45XO/46XxX, or 
47XX,+21 have been found.7?®° Based on these find- 
ings, the exstrophy—epispadias complex appears to be 
multifactorial, with a strong genetic predisposition 
for susceptibility. Collaborative efforts are underway 
to further investigate the causes of exstrophy—epispa- 
dias complex. If environmental factors play a role, 
they have not yet been identified. 


Antenatal diagnosis 


Prenatal detection of bladder exstrophy is possible. 
Ultrasonography can reliably detect exstrophy before 
the 20th week of gestation®!®? (Figure 61.11). 
Absence of bladder filling in the presence of normal 
kidneys and in association with a low-set umbilical 
cord suggests the diagnosis. Sonographic examination 
may also reveal a semisolid mass protruding from the 
abdominal wall in association with the findings 
above.2?! Gearhart and co-workers reviewed the 
antenatal ultrasonographic studies of 25 women who 
delivered live infants with exstrophy and found: 


E an absent bladder in 71% of the studies 


E a lower abdominal protrusion in 47% of the studies 

E an anteriorly displaced scrotum with a small phal- 
lus in 57% of the male fetuses 

E a low-set umbilical cord in 29% of the studies 

H an abnormal iliac crest widening in 18%.85 


Amniotic fluid levels are normal since urine pro- 
duction is normal for these fetuses. Prenatal diagnosis 
is valuable in the management of bladder exstrophy 
because it allows optimal perinatal management of 
these infants at a center equipped to treat this unusual 
anomaly. Unfortunately, many affected fetuses are 
not detected antenatally.°? 

Antenatal diagnosis also allows the parents the 
opportunity to discuss termination of the pregnancy. 
It is our opinion that such a discussion should include 
a pediatric urologist experienced in the treatment of 
bladder exstrophy. The overall prognosis of these chil- 
dren is excellent if they are treated at medical centers 
with physicians experienced in the treatment of this 
disorder. Unfortunately, because of the rarity of blad- 
der exstrophy, healthcare providers who lack insight 
and knowledge of this disorder often counsel prospec- 
tive parents of these patients. For example, in one arti- 
cle, the authors state ‘... the point of termination (of 


Figure 61.11 (a) Antenatal sonogram of a fetus with 
exstrophy. (b) Photograph of a fetus with confirmed 
exstrophy at autopsy. (Adapted from Mirk et al,®9 with 
permission.) Sp = spine; O = omphalocele. 
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the pregnancy) may be underlined by the poor long 
term results in boys, who mostly end up with severe 
sexual dysfunction.” Such recommendations are 
based on an outdated understanding of bladder exstro- 
phy. We believe that recommending abortion for 
exstrophy would be akin to recommending therapeu- 
tic termination in a child diagnosed antenatally with a 
cleft lip/palate or ventricular septal defect. Unfortu- 
nately, the counseling of these families by healthcare 
providers who are unaware of the true prognosis of 
patients with bladder exstrophy has led to an increase 
in the abortion rate of these fetuses, who have a treat- 
able condition with a satisfactory long-term outcome 
and life expectancy when appropriately managed.54 


Treatment philosophies 


Goals of reconstruction of 
exstrophy—epispadias 


In the treatment of exstrophy, objectives for recon- 
struction can be placed broadly in the following cate- 
gories: 


Principal objectives: 

E urinary continence 

E volitional voiding 

E low-pressure urine storage 

E preservation of kidney function 

E functionally and cosmetically acceptable external 
genitalia. 


Secondary objectives: 

E avoid urinary tract infections (UTIs) 

E reduce risk of urinary calculi 

E minimize the risk for malignancy associated with 
the urinary tract 

E integrity of the abdominal wall fascia 

E integrity of the pelvic floor. 


Successful achievement of these goals remains chal- 
lenging. Numerous operations have been devised for 
the treatment of bladder exstrophy, testing the inge- 
nuity of the physicians and the resilience of the 
patients themselves. The objectives have expanded 
since the first operations were proposed and 
attempted in the 1800s. These objectives address the 
primary pathology and problems associated with 
exstrophy and its management. These problems 
include: 


Primary pathophysiology (untreated): 
E urinary incontinence 


E UTI/renal scarring 

E urinary calculi 

E bladder malignancy 

E pelvic floor prolapse 

E inguinal herniation 

E inadequate phallus and ejaculatory dysfunction in 
males, with subsequent sexual, social, and psycho- 
logical sequelae. 


Potential complications (associated with management 

of exstrophy): 

E malignancy (related to the use of intestine in blad- 
der reconstruction) 

E UTI 

E urinary tract obstruction 

E inadequate bladder emptying 

E urinary incontinence 

E uterine prolapse 

E severe penile shortening with dorsal chordee 

E ejaculatory dysfunction 

E urinary calculi 

E renal scarring 

E abdominal wall hernia 

E epididymo-orchitis. 


Natural history of exstrophy 


Bladder exstrophy—epispadias complex is not a lethal 
anomaly; reports exist of untreated patients with clas- 
sic bladder exstrophy living into their eighth decade.’ 
Far from debilitated, these children are often quite 
intelligent, with many achieving postgraduate educa- 
tion degrees. In contrast, until recently, patients born 
with cloacal exstrophy died shortly after birth from 
electrolyte abnormalities and malnutrition. Because 
bladder exstrophy is a serious anomaly, the morbidity 
these patients experienced was often severe and 
included the problems noted above. Patients left 
untreated covered the exposed bladder with a variety 
of undergarments, including linament-soaked rags, 
cotton, and wool bolsters, etc. The surrounding skin 
around the exstrophic bladder was often inflamed and 
broken down from urine contact dermatitis and sec- 
ondary infection. These patients were often social 
pariahs because of the odor and hygiene problems. 
Up to the 20th century, many considered bladder 
exstrophy irreparable, as evidenced by these com- 
ments by Gross in 1876:°7 


Exstrophy of the bladder, unless the patient is 
willing to assume the (often mortal) risk of an 
autoplastic operation, is utterly irremediable; all 
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that can be done is to palliate the patient’s 
suffering by attention to cleanliness, and by the 
use of a closely-fitting flexible gutta-percha shield, 
furnished with a gum-elastic bottle for receiving 
urine... When this cannot be obtained, the part 
must be kept constantly covered with a thick, soft 
compress, renewed as often as it becomes wet and 
disagreeable. The skin around may be protected, 
if necessary, with pomatum, simple cerate, or zinc 
treatment. 


Early attempts at surgical 
reconstruction 


The morbidity of exstrophy led surgeons to begin 
empiric approaches to the operative correction of this 
anomaly. Surgeons in the 19th century attempted uri- 
nary reconstructive or diversion procedures to treat 
these patients. Initial efforts were directed at partial 
reconstruction of the abdominal wall to allow the 
application of a urinary receptacle to collect urine. 
The first successful record of this form of repair is 
attributed to Dr Pancoast in 1859. He used skin flaps 
from the abdominal wall: 


In the treatment of exstrophy of the bladder the 
principal objects aimed at are either to establish a 
channel for the conveyance of the urine to the 
rectum or perineum, or to cover its exposed and 
sensitive mucus membrane with flaps of skin, 
thereby protecting it from contact of the clothing, 
and preventing excoriation of the surrounding 
parts, as well as facilitating the adjustment of an 
apparatus for receiving the urine.®” 

A flap is taken from one side of the abdomen 
or groin, dissected up, and turned over like the 
leaf of a book so that the epidermis comes into 
contact with the mucous membrane. A second 
flap is then taken from the groin on the opposite 
side and its raw surface applied to the raw surface 
of the former flap ... thus a thick bridge is formed 
over the cleft.’ 


Dr John Wood and Maury also described variations 
on the use of skin flaps to reconstruct the abdominal 
wall.°”°+ Wood used a full-thickness skin graft from 
the abdominal wall followed by a lateral, pyriform 
flap from each groin held in place with hare-lip pins, 
wire sutures, and broad straps of adhesive plaster 
which were removed 6-8 days after surgery (Figure 
61.12). In contrast, Maury created perineal and scro- 
tal skin flaps to repair bladder exstrophy. These pro- 


Figure 61.12 Early operation for bladder exstrophy, as 
proposed by Maury in the mid-19th century. 


cedures represented early attempts at anatomic clo- 
sure but did not address the functional reconstruction 
of these bladders — namely to achieve satisfactory stor- 
age and emptying of urine. Van Buren and Keyes 
aptly stated the common sentiment of the time: 


The most that can be promised by operative 
interference is to leave behind a fistula, more or 
less large, over which a urinal must be constantly 
worn. The patient’s virility is not returned to him, 
nor is his condition very materially bettered. A 
less dangerous and equally efficacious mode of 
treatment seems to be to adapt a suitable urinal to 
the parts as they are left by Nature, such a one as 
shall shield them from injury, and keep the patient 
dry and clean.?° 


Others, such as Simon, approached the surgical 
treatment by attempting urinary diversion in these 
patients through the creation of a ureteral sigmoid fis- 
tula. Results were poor; one patient died of peritoni- 
tis in the immediate postoperative period and the 
other died of renal failure secondary to chronic 
pyelonephritis.°” 

These early efforts suffered from lack of under- 
standing of the physiology of the urinary tract and 
bladder and subsequently how these operations would 
affect urine storage and emptying, kidney function, 
electrolyte homeostasis, the propensity for UTI or cal- 
culus formation, fertility, and sexual function. Com- 
plications from these operations as noted above were 
often life threatening. The fact that patients were will- 
ing to assume the risk of surgical death demonstrates 
the impact this anomaly had on their lives. 
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The modern era — operative procedures 
in the management of exstrophy 


A host of operations for exstrophy have been pro- 
posed and attempted, which may be broadly charac- 
terized into two approaches: 


E in the first approach, operations are designed to 
remove the exstrophic bladder and replace it with 
a form of urinary diversion. 

E in the second approach, the operations are anatom- 
ically oriented and designed to reconstruct the 
bladder either in multiple stages or in a single 
stage. 


Surgeon preference, patient anatomy, previous surgi- 
cal procedures, availability of tertiary care facilities, 
and access to medical care all play a role in which 
operative procedure is chosen for a particular patient. 
Even in the 21st century, no standard of care exists for 
this patient population. However, because of the 
complexity of care involved and the rarity of this con- 
genital defect, specialists with an interest in the 
exstrophy-epispadias complex usually manage these 
patients most effectively.”° 


Perioperative care of the patient with 
exstrophy 


Preoperative care 


With rapid referrals and, in some cases, prenatal diag- 
noses, neonates with bladder exstrophy should be 
evaluated for surgical reconstruction promptly. To 
prevent trauma to the exposed bladder plate after 
delivery, the umbilical cord should be ligated with silk 
suture rather than a plastic or metal clamp. An ideal 
protective covering for the exstrophic bladder is a 
hydrated gel dressing such as Vigilon, if available. Ifa 
hydrated dressing is unavailable, covering the exposed 
bladder with plastic wrap (Saran Wrap), especially for 
transportation, is an acceptable alternative. These pro- 
tect the bladder plate effectively and allow handling of 
the infant with minimal risk of trauma to the bladder. 
In some circumstances, Vigilon has been used for 
over 2 months with minimal inflammation of the 
bladder noted at the time of repair. The dressing 
should be replaced daily and the bladder irrigated 
with normal saline with each diaper change. Others 
advocate the use of a humidified air incubator with no 
dressing at all to minimize bladder trauma.?* Often, 
the keratinized skin around the bladder plate becomes 


inflamed from the chronic urine exposure; barrier 
creams (zinc oxide) help prevent this. 

Some exstrophic bladders are extremely small, 
acontractile, and non-distensibile.?” Although bladder 
cycling is known to stimulate bladder growth, in 
some cases an early attempt at closure will only result 
in upper tract deterioration. Although this is a sub- 
jective decision, delay of closure may give more time 
for bladder plate growth. Two reports have also indi- 
cated that exstrophy closure in the premature infant 
should be discouraged owing to higher complication 
rates.98.99 

Routine use of intravenous antibiotic therapy in the 
pre- and postoperative period decreases the chance for 
bacterial infection; however, candidal infection may 
supersede. A baseline sonogram should be obtained 
to assess the kidneys preoperatively for later compar- 
isons. A preoperative KUB (kidney, ureter, and blad- 
der) X-ray can delineate the extent of pubic symphysis 
diastasis. A spinal sonographic examination should 
also be obtained if sacral dimpling or other signs of 
spina bifida occulta are noted on physical examination 
in the child under the age of 6 months. After this age, 
MRI will be necessary to image the spinal cord. 
Orthopedic to plan 
osteotomies if needed and neurosurgical consultation 
is required for children with spinal anomalies. 


consultation is advisable 


Operative considerations 


Most children with epispadias and bladder exstrophy 
have no additional anesthetic risk factors, but cloacal 
exstrophy patients often have comorbidities. Cloacal 
exstrophy patients with short gut will probably 
require long-term central venous access at the time of 
surgery. Exstrophy closure is performed using general 
inhalation anesthesia, avoiding nitrous oxide to mini- 
mize bowel and peritoneal distention and maximize 
surgical exposure. The use of a nasogastric tube to 
minimize abdominal distention is controversial. 100-101 
Regional anesthesia can be achieved by a one-time 
caudal block to reduce the inhaled anaesthetic require- 
ment during the operation or, in the older child, via a 
continuous infusion epidural. 


General comments on osteotomies 


Trendelenberg first recognized the importance of 
osteotomies in exstrophy closure at the start of the 
20th century. Osteotomies optimize pubic symphysis 
apposition, diminish tension on the closure, and opti- 
mize anatomic placement of the bladder, bladder 
neck, and urethra in the pelvis. They also improve the 
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Figure 61.13 Osteotomy sites for combined vertical iliac and transverse innominate osteotomies showing the place- 


ment of intrafragmentary pins. 103 


reapproximation of the corporeal and clitoral bodies. 
Finally, osteotomies may decrease the chance for later 
uterine prolapse because the anterior closure brings 
the pelvic diaphragm into a more normal anatomic 
position to offer more support. 

The need for osteotomy is best determined under 
general anesthesia. Candidates for osteotomy include 
infants more than 72 hours old, newborns with a 
wide pubic diastasis, newborns with cloacal exstro- 
phy, and patients who have had a previously failed 
closure. Osteotomies are usually performed at the 
same setting as bladder closure to help secure the clo- 
sure. 

Osteotomies may be performed by an anterior or 
posterior approach or a combination of approaches. 
Posterior iliac osteotomies are performed with the 
patient in a prone position, after which the patient is 
then repositioned for the bladder closure. However, 
increased blood loss and occasional malunion of the 
ileum has caused this approach to fall out of favor. 
Anterior iliac osteotomies offer the advantage of a 
single position and sterile field preparation (see Fig- 
ures 61.37 and 61.38). Anterior diagonal iliac 
osteotomies have been preferred by the Seattle group. 
Compared with posterior iliac osteotomies, an ante- 
rior approach has also been shown to result in less 
blood loss and better apposition and mobility of the 
pubic rami. The group at Johns Hopkins uses bilat- 
eral combined anterior innominate and vertical iliac 
osteotomies (Figure 61.13) because of superior initial 
and long-term results compared with anterior iliac 
osteotomies alone.!°:!03 Both osteotomies may be 
performed through the same anterior skin incision on 
each side, and with minimal blood loss, and 4% com- 
plication rate!?.!04 (Figure 61.14). McKenna et al 
have also described the use of a diagonal mid-iliac 
osteotomy performed through the same incision as 


Figure 61.14 Single postoperative incision for com- 
bined vertical iliac and transverse innominate 


osteotomies with interfragmentary pins. (Photo cour- 
tesy of John Gearhart MD.) 


the exstrophy closure.!° Division of the superior 


pubic ramus has also been described; it is not as effec- 
tive as the other methods described but may be used 
in the newborn period. 106-107 


Postoperative considerations 


Several methods have been used to maintain pelvic 
ring closure and prevent external hip rotation follow- 
ing bladder closure without osteotomies. Although 
most agree that mummy wrapping is unreliable and 
should not be used,!°! high-volume exstrophy centers 
debate over the best method. The two most com- 
monly employed methods in the newborn period are 
modified Bryant’s traction for 4 weeks! (Figure 61.15) 
and spica casting for 3 weeks!° (Figure 61.16). If 
osteotomies are performed, they are secured with 
interfragmentary pins and external fixation with light 
Buck’s traction for 2—4 weeks (Figure 61.15). Some 
fit the newborn with a ‘sled’ to be used when the child 
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Figure 61.15 Patient seen in Bryant's traction after 
exstrophy closure without osteotomies. (Photo cour- 
tesy of John Gearhart.) 


Figure 61.16 Use of a spica cast following complete 
primary repair for exstrophy to reduce tension on the 
closure by preventing hip abduction in the postopera- 
tive period. 


Figure 61.17 Patient seen with an external fixator and 
in modified Buck’s traction. (Photo courtesy of John 
Gearhart.) 


is out of traction for feeding and bathing in these sit- 
uations. Traction does make performing daily activi- 
ties and routine care difficult, but spica casting can 
permit more mobility of the infant pelvis. 

Low-dose antibiotic prophylaxis should be pre- 
scribed, since VUR is nearly universal. This is contin- 
ued until VUR is corrected or resolves spontaneously. 

Postoperative factors recognized to increase the 
success of the initial reconstruction!8 include: 


E use of osteotomies (in selected cases) or newborn 
closure (<24—48 hours) 

E postoperative immobilization 

E use of postoperative antibiotics 

E ureteral stenting catheters 

E adequate postoperative pain management 

E avoidance of abdominal distention 

E adequate nutritional support 

E secure fixation of urinary drainage catheters. 


Exstrophy closure: anatomic 
reconstruction 


The first efforts at anatomic reconstruction of the 
exstrophic bladder are usually attributed to Trende- 
lenberg.! In 1881, he described an exstrophy clo- 
sure that emphasized the importance of pubic 
reapproximation in front of the reconstructed bladder 
to achieve continence and prevent dehiscence. This 
effort ultimately proved unsuccessful. Because of dis- 
couraging results such as this, bladder reconstruction 
in exstrophy was largely abandoned and replaced by 
urinary diversion, most notably ureterosigmoidos- 
tomy, in the early part of the 20th century. 

Not all attempts at bladder reconstruction for 
exstrophy were abandoned. Various surgeons 
reported occasional successful attempts at bladder 
reconstruction during this time. However, these 
results were uncommon and difficult to reproduce. 
For example, Young reported the first successful pri- 
mary bladder closure in 1942. He achieved urinary 
continence after reconstruction in a young girl.!!° Pri- 
mary reconstructive efforts by others remained incon- 
sistent and largely unsuccessful during this period. 
Since Young’s successful report in 1942, other inves- 
tigators have intermittently achieved a satisfactory 
result with a one-stage reconstructive effort to repair 
the exstrophied bladder. Ansell reported on a one- 
stage closure in 1971 with a successful outcome in a 
newborn female.!!! Ansell was also one of the early 
advocates for primary closure of bladder exstrophy in 
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the newborn period, and reported 28 cases closed in 
this fashion. Montagnani described a one-stage 
functional bladder reconstruction in two female 
babies aged 8 and 13 months. His bladder recon- 
struction procedure included innominate osteotomy, 
bladder closure, an antireflux procedure, and narrow- 
ing of the bladder outlet followed by pubic reapprox- 
imation. Continence was achieved in one of the two 
patients. The second patient required further bladder 
neck reconstruction (BNR) to achieve continence.!!4 
Fuchs et al also achieved urinary continence in 8 of 15 
patients who were also repaired in a single-stage 
effort.1'* However, several large series of patients 
who underwent single-stage reconstruction in the 
1960s and 1970s reported continence rates of only 
10-30%.115-120 Renal damage was as high as 90% in 
these series, generally because of bladder outlet 
obstruction. 115 

Because of these complications and the low rate of 
urinary continence, reconstructive surgical efforts were 
subsequently directed toward planned staged bladder 
reconstruction, an approach pioneered and advocated 
by Jeffs, Chisholm, and Ansell in the 1970s and fur- 
ther refined by Gearhart and others as the modern 
staged repair of exstrophy (MSRE).!%12,121122 
Recent advances in single-stage reconstruction for 
neonatal and older exstrophy have been advocated by 
Fuchs et al,!!* Kelly,!?% and others; as such, the com- 
plete primary repair for exstrophy (CPRE) by Mitchell 
has gained favor.!14123,124 

All approaches aim to reconstruct and achieve 
anatomic and functional normalcy with minimal sur- 
gical morbidity. In the subsequent section, the two 
currently favored surgical techniques, the CPRE and 
the MSRE, are detailed. In reality, closure of the 
female with bladder exstrophy is not significantly dif- 
ferent in the CPRE and MSRE methods; the end 
result is closure of the bladder, urethra, and abdomi- 
nal wall. In contrast, closure of the male with bladder 
exstrophy is quite different in the CPRE and MSRE. 
The CPRE closes and repositions the bladder and 
entire urethra at one stage. In contrast, the MSRE 
closes and repositions the bladder and posterior ure- 
thra at the first stage, with the remainder of the ure- 
thra closed at a later stage. 


Complete primary repair for exstrophy 


In the late 1980s, an anatomic approach to exstrophy 
repair that combined simultaneous bladder closure, 
bladder neck remodeling, and epispadias repair was 
initiated by Mitchell. 1?4 This operation evolved out of 


a technique developed for the treatment of epispadias 
— the complete penile disassembly technique. 15 

Complete primary reconstruction of the exstro- 
phied bladder is best done in the newborn period. Pri- 
mary reconstruction in the newborn period is 
technically easier than when done in an older child. It 
also offers theoretical advantages, as it may maximize 
the opportunity for ‘normal? bladder development 
and the potential for urinary continence. The bony 
pelvis remains pliable in the newborn period, so that 
osteotomies may be avoided in some cases — usually if 
closure can be performed within the first 72 hours of 
life. 

Clinical experience with patients with posterior 
urethral valves (PUV) suggests that early restoration 
of non-obstructive emptying and filling of the bladder 
allows the bladder to regain some or all of its normal 
physiologic and developmental potential.!?° This, in 
turn, implies that the bladder progresses through 
developmental milestones that occur in the first few 
months of life and which may be irreversibly lost if 
missed. Precedence for this form of organ develop- 
ment is noted in the brain with the acquisition of lan- 
guage and visual perception. Finally, early primary 
bladder reconstruction creates a more normal-appear- 
ing baby that fosters improved bonding between the 
parents and infant. 

In the complete primary repair or Mitchell tech- 
nique,!** the bladder, bladder neck, and urethra are 
moved posteriorly within the pelvis. This movement 
positions the proximal urethra within the pelvic 
diaphragm in an anatomically more normal position 
to maximize the effect of the pelvic muscles and sup- 
port structures in the achievement of urinary conti- 
nence. Posterior movement of the bladder neck and 
urethra also facilitates reapproximation of the pubic 
symphysis, which in turn helps prevent anterior 
migration of the urethra and bladder neck and pro- 
vides a more anatomically normal muscular pelvic 
diaphragm. 

Total penile disassembly reduces anterior tension 
on the urethra because it is separated from its attach- 
ments to the underlying corporeal bodies. These 
attachments otherwise pull the urethral plate anteri- 
orly, preventing posterior placement of the proximal 
urethra and bladder neck in the pelvis. Tension reduc- 
tion theoretically decreases the risk of bladder dehis- 
cence and also temporarily reduces the dorsal tension 
on the corporeal bodies that may contribute to dorsal 
chordee in males. Combining the epispadias repair 
with primary closure allows for the most important 
aspect of primary closure — division of the intersym- 
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Figure 61.18 Initial lines of dissection for male com- 
plete primary exstrophy repair technique — ventral per- 
spective. 


physeal ligament or band located posterior to the ure- 
thra in these patients. Advocates of CPRE feel that 
division of this ligament and deep dissection is opti- 
mized when the urethra is separated from the corpora 
cavernosa. 

Neonatal closure employing this technique opti- 
mizes the chance for early bladder cycling and conse- 
quent normal bladder development. It may also 
obviate the need for a multistaged repair of the exstro- 
phied bladder, including further BNR, bladder aug- 


mentation, and penile reconstructive surgery. 


Male CPRE technique 


The surgical technique of CPRE and the Mitchell 
complete penile disassembly technique for epispadias 
follow the same principles and thus are discussed 
simultaneously. After standard preparation of the sur- 
gical field, 3.5 Fr umbilical artery catheters are placed 
into both ureters and secured with 5.0 chromic 
sutures. A marking pen outlines the planned lines of 
dissection (Figures 61.18 and 61.19). Initial dissec- 
tion begins superiorly and proceeds inferiorly to sep- 
arate the bladder plate from the adjacent skin and 
fascia using fine-tip electrocautery (Colorado tip). 
The umbilical cord usually needs to be mobilized on 
its vessels in a cephalad direction such that the result- 
ing umbilicus will be at the level of a line drawn 
between the two iliac crests. The relocated umbilicus 
will also be the cutaneous site for bringing out the 
suprapubic tube. The dissection in classic exstrophy 
patients is extraperitoneally. 


Figure 61.19 Initial lines of dissection for male com- 
plete primary exstrophy repair — dorsal perspective. 
Lines at the bladder neck indicate approximate tailor- 
ing that may be needed to exclude dysplastic tissue in 
this area. 


To aid in dissection, traction sutures are placed into 
each hemiglans of the penis. These sutures are placed 
at the beginning of the operation and are initially ori- 
ented transversely in the hemiglans. The sutures will 
rotate to a parallel vertical orientation as the corporeal 
bodies rotate medially following dissection of the cor- 
poreal bodies and the urethral wedge (urethral plate 
+ underlying corpora spongiosa) from each other. 

To begin the penile dissection, a circumcising inci- 
sion is made along the ventral aspect of the penis. 
This should precede dissection of the urethral wedge 
from the corporeal bodies because it is easier to iden- 
tify Buck’s fascia ventrally. The initial plane of dissec- 
tion is developed just above Buck’s fascia. Buck’s 
fascia stops at the corpora spongiosum during the dis- 
section. So, as the dissection progresses medially, the 
plane shifts subtly from above Buck’s fascia to just 
above the tunica albuginea. Dorsally, methylene blue 
or brilliant green helps differentiate urothelium from 
squamous epithelium. Injection of the surrounding 
tissues with 0.25% lidocaine and 1:200 000 U/ml 
epinephrine also improves hemostasis, which assists 
the dissection. The margins of the dorsal urethra are 
usually obvious. The surgeon must take care not to 
narrow the urethral wedge as this will be tubularized 
later. Urethral wedge dissection is carried proximally 
to the bladder neck. Careful lateral dissection of the 
penile shaft skin and dartos fascia from the corporeal 
bodies is paramount; the lateral dissection of the 
penis is always superficial to Buck’s fascia because the 
neurovascular bundles are located laterally in the epis- 
padic penis. Medially, under the urethral wedge, the 
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Figure 61.20 Disassembly of the urethral wedge (ure- 
thral plate with underlying corpora spongiosa) from 
corporeal bodies. The plane of dissection should 
remain on the corporeal bodies to allow the corpora 
spongiosa to remain with the urethra. 


dissection plane is on the tunica albuginea of the cor- 
pora cavernosa. 

The penis is surgically disassembled into three com- 
ponents — the right and left corporeal bodies, with 
their respective hemiglans, and the urethral wedge 
(urothelium with underlying corpora spongiosa) .!?5 
This is done primarily to provide exposure to the 
intersymphyseal band and to allow adequate proximal 
dissection. It is easiest to initiate the dissection proxi- 
mally and ventrally, on the underside of the corpora 
cavernosa (Figure 61.20). The plane of dissection 
should be carried out at the level of the tunica albu- 
ginea on the corpora. After a plane is established 
between the urethral wedge and the corporeal bodies, 
this dissection is carried distally to separate the three 
components from each other (Figure 61.21). This 
maximizes the degree of freedom for the best repair. 
The corporeal bodies may be completely separated 
from each other, since they exist on a separate blood 
supply. It is important to keep the underlying corpora 
spongiosa with the urethral plate; the blood supply to 
the urethral plate is based on this corporeal tissue, 
which should appear wedge-shaped after its dissection 
from the adjacent corpora cavernosa. The urethral— 
corporal spongiosal component will later be tubular- 
ized and placed ventral to the corporeal bodies. 
Paraexstrophy skin flaps should not be used for ure- 
thral lengthening, because this maneuver may devas- 
cularize the distal urethra. Because the bladder and 
urethra are moved posteriorly into the pelvis as a unit, 
division of the urethral wedge should never be neces- 


Figure 61.21 Distal separation of the corporeal bodies 
and urethral wedge. This maneuver may not always be 
required. Complete separation allows maximal expo- 
sure to the pelvis and optimizes the dissection and 
posterior positioning of the bladder, bladder neck, and 
urethra in the pelvis. 


sary. However, in some cases, a male patient will be 
left with a hypospadias that will require later surgical 
reconstruction (short distal urethra). 

Proximal dissection of the urethral wedge from the 
corporeal cavernosa bodies facilitates exposure of the 
intersymphyseal ligament, which must be incised. The 
dissection may be carried into the pelvis following the 
planes along the medial aspects of the corporeal 
bodies (Figure 61.22). Deep incision of the intersym- 
physeal ligaments posterior and lateral to each side of 
the urethral wedge is absolutely necessary to allow the 
bladder to achieve a posterior position in the pelvis 


Figure 61.22 Division of the intersymphyseal band 
(condensation of anterior pelvic fascia) and deep pelvic 
dissection. The inset demonstrates division of the 
intersymphyseal band. Division of this band allows 
posterior placement of the bladder without tension. 
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Figure 61.23 This cross section represents an idealized positioning of the urethra and bladder neck in the pelvis. 


(Figure 61.23). This dissection should be carried 
until the pelvic floor musculature becomes visible (i.e. 
the intersymphyseal ligament is completely incised). 
Computed tomography (CT) of the pelvis demon- 
strates that these ligaments lie posterior to the bladder 
neck and urethra. Failure to adequately dissect the 
bladder and urethral wedge from surrounding struc- 
tures will create anterior tension along the urethral 
plate and prevent posterior movement of the bladder 
in the pelvis. 

Once the bladder and urethral wedge are ade- 
quately dissected from the surrounding tissues, the 
majority of the procedure is done and the closure is 
straightforward and anatomic. The importance of rec- 
ognizing the proper location of the bladder neck is 
key: in boys, proximal to the verumontanum; in girls, 
just distal to the trigone. Prior to reapproximating the 
bladder, a suprapubic tube is placed and brought out 
through the umbilicus. The primary closure of the 
bladder is achieved using a three-layer closure with 
monofilament absorbable suture (i.e. Monocryl and 
Vicryl). The urethra is tubularized using a two-layer 
running closure with monofilament and Vicryl suture 
as well (Figure 61.24). The tubularized urethra is 


Figure 61.24 The bladder and urethra are closed in 
two layers using absorbable suture. The ureteral 
catheters are brought out throught the urethral closure. 
The suprapubic tube may be brought out through the 
umbilicus. 


then placed ventral to the corpora in an anatomically 
normal position. 

Then the pubic symphysis is reapproximated using 
0-0 polydiaxonone interrupted figure-of-eight 
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Figure 61.25 Reapproximation of pubis symphysis 
using absorbable suture. Note medial rotation of glans 
that occurs after dissection. 


sutures. Knots are anterior to prevent suture erosion 
into the bladder neck (Figure 61.25). Rectus fascia is 
reapproximated using a running 2-0 polydiaxonone 
suture. Penile shaft skin is reconfigured using either a 
primary dorsal closure or reversed Byars flaps if 
needed to provide dorsal skin coverage. Skin covering 
the abdominal wall is reapproximated using a two- 
layer running closure of absorbable monofilament 
suture. 

The corporeal bodies will tend to rotate medially 
with closure when the lateral margins of Buck’s fascia 
of each corpora cavernosa are approximated. This 
rotation will assist in correcting the dorsal deflection 
and can be readily appreciated by observing the verti- 
cal lie of the previously horizontally placed glans trac- 
tion sutures. Occasionally, significant discrepancies in 
the dorsal and ventral lengths of the corpora will 
require dermal graft insertion. However, this is rarely 
needed in the newborn closure. The corpora are reap- 
proximated with fine interrupted suture along their 
dorsal aspect. 

The urethra can then be brought up to each 
hemiglans ventrally to create an orthotopic meatus 
(Figure 61.26). The glans is reconfigured using inter- 
rupted mattress sutures of polydiaxonone suture (Le. 
PDS) followed by horizontal mattress sutures of 7—0 
monofilament suture (i.e. Maxon) to reapproximate 
the glans epithelium. The neourethra is matured with 
7-0 braided polyglactin suture (i.e. Vicryl) similar to 
a standard hypospadias repair. In some cases, the 
glans tissue is reduced to create a conical-appearing 
glans. In roughly half of cases, the urethra lacks 
enough length to reach the glans. In this situation, the 
urethra may be matured along the ventral aspect of 
the penis to create a hypospadias (Figure 61.27). This 


Figure 61.26 Skin reapproximation can be challenging. 
Tacking sutures placed between the dermal tissue and 
the corporeal bodies can assist in anchoring the penile 
shaft skin to the base of the penis. Z-plasty incisions 
can also be useful to approximate the shaft skin ven- 
trally. 


Figure 61.27 Hypospadias occurs in this situation 
because the urethra is too short after the bladder has 
been positioned posteriorly in the pelvis. 


can be corrected at a later date as a second-stage pro- 
cedure and options for hypospadias repair are detailed 
in other chapters. The redundant shaft skin is main- 
tained ventrally in these patients to assist in later 
penile reconstructive procedures. 


Female CPRE technique 


The principles and timing of repair are analogous for 
boys and girls (Figure 61.28). To perform this tech- 
nique, the lines of initial dissection are depicted in 
Figure 61.29. In an effort to clearly define the bladder 
neck, the bladder neck dissection is tailored. The blad- 
der neck, urethra, and vagina are mobilized as a unit. 
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Figure 61.28 Cross section of (a) normal female anatomy compared with (b) exstrophic female anatomy. 
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Figure 61.29 Initial lines of dissection for female com- 
plete primary exstrophy repair technique. Of note, the 
dissection is carried around the vaginal vault inferiorly 
to mobilize the vagina and urethra together. 


The dissection is achieved with a tungsten-tip electro- 
cautery (Colorado tip) to minimize tissue damage 
while achieving hemostasis. The appropriate plane of 
dissection is found anteriorly along the medial aspect 
of the bifid clitoris and proceeds posteriorly along the 
lateral aspect of the vaginal vault (Figure 61.30). The 
vagina is mobilized with the urethral plate and blad- 
der neck. The urethra and bladder neck should not be 
dissected from the anterior vaginal wall, as this will 
compromise the blood supply to the urethra. 

During the posterior lateral dissection, the inter- 
symphyseal band will be encountered and should be 
deeply incised to allow the vagina, urethra, and blad- 
der neck to move posteriorly. The posterior limit of 
the dissection is reached when the pelvic floor muscu- 
lature is exposed. The proximal urethra can be length- 


Figure 61.30 The lines of dissection are marked in this 
drawing of a newborn girl with classic bladder exstro- 
phy. Please note stay sutures placed in clitoral bodies 
to assist with exposure. 


ened to some degree with parallel incisions in the 
bladder plate toward the trigone. As importantly, lat- 
eral dysplastic tissue should be excluded from this area 
when the bladder neck is created. 

Following adequate dissection, the vagina and ure- 
thra are moved posteriorly in the perineum with a 
Y-V plasty. The urethra is then tubularized using a 
two-layer closure of absorbable suture (Figure 
61.31). Prior to the urethral closure, a suprapubic 
tube is routinely placed to provide postoperative 
urine drainage (Figure 61.32). The bladder, bladder 
neck, and urethra should be positioned deeply in the 
pelvis and traverse the pelvic diaphragm (Figure 
61.33). The symphysis pubis is then reapproximated 
using two 0-0 PDS figure-of-eight sutures (Figure 
61.34). 

As in the repair in the boy, osteotomies may be 
necessary when a wide pubic diastasis prevents a low- 
tension reapproximation of the pubic symphysis. 
Mitchell and Grady use anterior iliac osteotomies in 
these situations. The rectus fascia can then be closed 


Figure 61.31 The appropriate plane of dissection is 
found anteriorly along the medial aspect of the bifid cli- 
toris and proceeds posteriorly along the lateral aspect 
of the vaginal vault. This allows for deep pelvic dissec- 
tion to place the bladder, bladder neck, and urethra 
into the pelvis without tension. 
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Figure 61.32 Prior to the urethral closure, we routinely 
place a suprapubic tube to provide postoperative urine 
drainage. The suprapubic tube is brought out through 
the umbilicus. Ureteral catheters are left in place and 
brought out through the urethra. All tubes are left to 
gravity drainage. 


Figure 61.33 The bladder, bladder neck, and urethra 
should be positioned deeply in the pelvis if an ade- 
quate dissection has been performed. 


Figure 61.34 Reapproximation of symphysis pubis 
using interrupted sutures. Lateral dissection may be 
required to reapproximate the rectus fascia in the mid- 
line. 


in the midline. The neourethra is matured with 5-0 
Vicryl sutures and the medial sides of the bifid clitoris 
are united with 7-0 Maxon suture. The labia majora 
is advanced posteriorly to the perineum at this time to 
improve cosmesis of the external genitalia (Figure 
61.35). A Z-plasty skin closure can be employed as 
well. 


Figure 61.35 Skin closure. Denuding the skin medial to 
the clitoral bodies minimizes the bifid appearance of 
these structures postoperatively. The labia majora may 
also be advanced inferiorly to create a more normal 
cosmetic appearance. 
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Modifications of the CPRE technique 


In an effort to improve the results of the CPRE tech- 
nique, several authors have reported modifications. 
Caione and colleagues described the use of an electri- 
cal muscle stimulator during deep pelvic dissection to 
preserve and reconfigure the periurethral muscle com- 
plex. Long-term results of this patient series have not 
yet been reported but preliminary results are promis- 
tei, 7 

El-Sherbiny and Hafez have described a modifica- 
tion of the penile disassembly technique preserving 
the connection between the distal urethral wedge and 
the corporeal bodies to decrease the incidence of 
hypospadias.!?8 Proposed by Emir and colleagues, 
one solution for intraoperatively anticipated hypospa- 
dias is to generate parameatal-based inner preputial 
skin flaps which do not require anastomosis to the 
urethral plate.!?? 


Outcomes of CPRE 


The longest series reporting outcomes of CPRE is 
from Children’s Hospital & Regional Medical Center 
in Seattle, Washington, spanning 13 years: of 29 
patients, 17 are >5 years of age and have 76% conti- 
nence (defined as a dry interval >2 hours and sponta- 
neous voiding without catheterization); only 3% (1 
of 29) required augmentation, which compared 
favorably with 27% of 77 staged exstrophy closures at 
this institution requiring augmentation, although 
admittedly the latter group has been followed longer. 
However, this report does not mention the number 
of patients requiring BNR to achieve this continence 
rate. In 2003, preliminary outcomes from the Seattle 
group were presented in abstract form. In this series, 
bladder neck modification was performed in 72% of 
females and 86% of males prior to achieving conti- 
nence; overall, 86% of children achieved daytime con- 
tinence with volitional voiding. The majority of these 
bladder neck modifications were perfomed at the 
same time as ureteral reimplantation procedures and 
were performed using a Mitchell bladder neck tech- 
nique.!3° A 14% complication rate and 16% moder- 
ate or severe hydronephrosis rate was also noted. Of 
note, in the majority of these patients the 
hydronephrosis remains a transient phenomenon that 
the authors believe represents a reaction to bladder 
cycling.!3° One other report from the Boston group 
provides an 8-year follow-up of CPRE outcomes. 
Borer and colleagues noted that 5 of 8 patients (63%) 
24 years old had grossly inadequate bladder outlet 
resistance and either had or would require BNR. This 


same group also reported on urodynamic findings 
between patients who had undergone exstrophy 
repair using a complete primary repair technique 
compared with a modern stage repair technique. They 
found that patients undergoing a complete primary 
repair universally had better bladder stability and 
bladder compliance than those who had been repaired 
with a staged technique. Bladder capacity was equiv- 
alent between the two groups. Interestingly, patients 
repaired with a complete repair technique also had 
normal electromyelography (EMG) results during 
this study.?8 

After CPRE, hypospadias rates have ranged from 
50 to 82%.?8-124131 Borer and colleagues have 
decreased this rate by using interrupted urethral 
sutures instead of running sutures.°8 Reconstruction 
of the hypospadic defect can be challenging?®.!92 
owing to paucity of skin. Hafez and El-Sherbiny have 
found tubularized penile flap urethroplasty to be 
superior to Thiersch-Duplay urethroplasty.!%? Blad- 
der neck fistula have been observed in as many as 41% 
of CPRE repairs,!** 78% of which required fistulec- 
tomy. Partial or complete hemiglans and corporeal 
loss have been reported by several authors,!33-134 
which is probably the most feared complication. 
However, this complication may not be unique to 
CPRE, and can be seen in any bladder exstrophy clo- 
sure method.!#5 Borer and colleagues reported 75% 
of 16 males and 29% of seven females undergoing 
newborn CPRE required blood transfusion. 

Some surgeons have criticized the staged approach 
as requiring a greater number of surgical procedures 
than the CPRE. 135 Given the ‘relative newness’ of the 
CPRE technique, long-term studies will further delin- 
eate the number of patients who require hypospadias 
reconstruction and BNR to achieve urinary conti- 
nence. As the male children progress through 
puberty, phallic growth, presence of chordee, erectile 
function, and ejaculatory function will be outcomes to 
closely monitor. Given exstrophy is a complex birth 
defect to reconstruct, no matter which method is 
chosen, complications will occur,!#4!36 most of which 
require further surgical interventions.°8 


Complete penile disassembly for the 
treatment of isolated male epispadias 


Mitchell performed his first complete penile disassem- 
bly or Mitchell technique for epispadias repair in 
1989. Mitchell and Bagli first reported their results in 
1996.125 Complete penile disassembly offers several 
advantages over the modified Cantwell-Ransley tech- 
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(a) (b) 


Figure 61.36 Complete penile disassembly technique. (a) Lines of initial dissection circumscribing the urethral plate 
and bladder neck. (b) Careful dissection of the urethra from the underlying corporeal bodies. Dotted line indicates 
the site of distal incision to free the urethra entirely from the glans. (Adapted from Mitchell and Bagli,12° with 
permission.) 


nique. The planes of dissection extend anatomically to normal appearance of the penis by allowing ventral 
the bladder neck. This facilitates its use with BNR. placement of the urethra (Figures 61.36-61.38). A 
Complete mobilization of the urethral wedge from the detailed description of the surgical technique is 
corporeal bodies by disassembly also creates a more included in the section on complete primary repair of 


(a) (b) 


Figure 61.37 Complete penile disassembly technique. (a) Corporeal bodies and two hemiglans are separated by a 
longitudinal midline incision. (b) The urethra is tubularized and brought to the ventrum. The corpora are reapproxi- 
mated dorsally. They will rotate medially when adequately dissected from each other. (Adapted from Mitchell and 
Bagli, 125 with permission.) 
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(a) 


(b) 


Figure 61.38 Complete penile disassembly technique. (a) Completion of urethral meatus; (b) completion of shaft 
skin coverage. (Adapted from Mitchell and Bagli,'2° with permission.) 


exstrophy above. Zaontz and colleagues reported on a 
multicenter experience using this technique and found 
that 16/17 boys had straight erections following 
repair. Three patients developed pinpoint fistulas, of 
which two closed spontaneously.!37 Hammouda 
reported on 42 repairs!#8 — glans ischemia occurred in 
five cases, with resolution in three and loss of 
hemiglans in two cases. A straight phallus was 
achieved in 81% and one pinhole coronal urethrocu- 
taneous fistula (2.4% of patients) was successfully 
closed. He suggested maintaining ventral vascular 
attachment of the shaft skin to the urethral wedge, the 
urethral mesentery, which some have suggested may 
decrease urethral complications. Perovic et al have 
described variants of this technique for epispadias that 
may be used in selected circumstances as well. 13? Mod- 
ifications of the complete penile disassembly technique 
include the use of cavernotomies to assist in the cor- 
rection of chordee and incomplete separation of the 
urethral wedge and the corporeal bodies to avoid the 
creation of hypospadias. 


Modern staged repair of exstrophy 


The staged reconstruction for exstrophy developed in 
response to high reported rates of renal damage from 
single-stage approaches in the 1970s. The initial out- 
line for staged reconstruction as conceived by Jeffs 
consisted of bladder and posterior urethral closure at 
birth, BNR at 2-3 years of life, and epispadias repair 


later.!40 This paradigm was altered when bladder 
capacity was noted to increase with the added resis- 
tance from early epispadias repair.!4! Thus, the cur- 
rent MSRE, as described by the Johns Hopkins 
group, consists of bladder and posterior urethral clo- 
sure at birth or soon thereafter (stage 1), epispadias 
repair at 6-12 months of life (stage 2), and BNR 
when the bladder capacity is adequate and the child is 
mentally prepared for toilet training (usually at 4-5 
years of age) (stage 3).!4? In some cases, epispadias 
repair and BNR + ureteral reimplantation can be 


combined. !435144 


MSRE stage 1: initial early bladder 
exstrophy closure 


At stage 1 of exstrophy reconstruction, the surgical 
objectives include: 


E closure and repositioning of the bladder and ure- 
thra (posterior urethra in males and entire urethra 
in females) inside the pelvic ring 

E approximation of the pelvic ring with closure of 
the abdominal wall. 


In male patients, at the end of stage 1, this closure 
technique converts the classic bladder exstrophy into 
a male with complete epispadias, with incontinence 
and balanced posterior outlet resistance. This func- 
tional state stimulates bladder growth while preserv- 
ing renal function. 
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Exstrophy closure 


The initial decision as to whether a bladder template 
is amenable to closure is currently based on subjective 
data. Even a small bladder template, if distensible and 
contractile, can enlarge to a useful size once closed. 
However, if an examination under anesthesia reveals 
a small (<5 ml) acontractile, non-distensible bladder 
patch, an attempt should not be made to close this 
bladder.” Although ureterosigmoidostomy has 
proven useful in this group of patients,! it is pre- 
ferred to wait and re-examine the child at 4-6 months 
of age under anesthesia. If at later evaluation the blad- 
der remains inadequate, a non-refluxing colon con- 
duit is used to divert the urine along with the 
abdominal wall closure and epispadias repair. This 
can be converted at a later age to a continent diversion 
or anastomosed to the rectosigmoid. 

If the bladder template is amenable, early exstrophy 
closure is advantageous for multiple reasons. Socially, 
for the family, a prompt closure begins the road 
toward normalcy. In addition, early closure saves the 
bladder from prolonged exposure, which can lead to 
such histologic changes as acute and chronic inflam- 
mation, squamous metaplasia, cystitis glandularis and 
cystitis cystica, and muscular fibrosis. Functionally, it 
is likely that this results in a bladder with low capac- 
ity and poor compliance.!*! Electron microscopy has 
shown that the newborn exstrophy bladder is ‘imma- 
ture’ when compared with control newborns,!*6 
having fewer small nerve fibers,!®! less smooth 
muscle, and a threefold increase in type II collagen 
content.!47 While it is unclear whether these changes 
are a part of the primary pathology or secondary to 
the lack of bladder cycling in utero, it is conceivable 
that prompt closure could also ‘mature’ the bladder by 
restoring bladder cycling. Similarly, clinical data from 
the Mayo Clinic have verified the importance of 
immediate postnatal exstrophy closure; infants closed 
before 7 days of age required fewer bladder augmen- 


tations to achieve eventual continence. 148 


Appproximation of the pelvic ring 


It has become clear that approximation of the open 
pelvic ring eases abdominal wall closure and dimin- 
ishes the rate of bladder dehiscence and abdominal 
wall dehiscence. !4%!59 This therefore allows the con- 
struction of an intrapelvic urethra and reapproximates 
the pelvic floor musculature, probably contributing to 
long-term continence.!%5° Additionally, in females, 
osteotomy may reduce the likelihood of uterine pro- 
lapse.'5° Therefore, pelvic ring reapproximation is 


useful at initial bladder closure as well as at later stages 
of reconstruction if satisfactory reapproximation was 
not achieved initially. Pelvic closure in the neonate 
younger than 48-72 hours old can be achieved with- 
out osteotomies owing to the effects of maternal 
relaxin; immobilization is achieved by modified 
Bryant’s traction for 3—4 weeks (see Figure 61.15). 
However, beyond this age or at this time if the pelvis 
is not sufficiently malleable, osteotomies are per- 
formed at the time of initial closure. An interesting 
predicament for the surgeon is the situation of the 
newborn with a large bladder template. In this case 
with a bladder having great potential for later conti- 
nence, the pubic diastasis will be wider and require 
osteotomy, regardless of when closure is attempted. 
In the MSRE with osteotomy, a combined approach 
of posterior vertical iliac osteotomy with anterior hor- 
izontal innominate osteotomy (see Figure 61.13) is 
primarily used, with good results.102-104 Femoral 
nerve palsy is a possible complication that must be 
monitored and can be reduced with gradual tighten- 
ing of the fixator. These osteotomies are secured by 
intrafragmentary pins, external fixation (4 weeks for 
newborns; 6-8 weeks for older patients), and light 
Buck’s traction for 2—4 weeks (see Figure 61.17) 


Male MSRE bladder and posterior urethral 
closure technique 


In stage 1 of the MSRE of the male child (Figure 
61.39), the bladder and posterior urethral closure 
technique!-!5! begins as ureteral catheters are placed 
and secured with 5-0 or 6-0 chromic suture. These 
catheters aid ureteral visualization prior to making the 
initial incision. A traction suture is placed in the glans 
penis. The posterior urethra is generated by incising a 
2 cm wide strip of mucosa from the distal trigone to 
below the distal verumontanum. Initial dissection 
begins at the umbilicus and is continued circumferen- 
tially, incising around the bladder plate. The entire 
dissection remains extraperitoneal and is performed 
with a Colorado tip electrocautery. The two umbilical 
arteries are ligated and divided. The underlying detru- 
sor muscle is mobilized from the rectus sheath to 
expose but not enter the peritoneum. The peritoneum 
is dissected off of the dome of the bladder plate as 
needed to allow movement deep into the pelvis. 
Extraperitoneal dissection lateral to the bladder 
exposes the retroperitoneal space and caudally leads 
the dissection in the correct plane at the level of the 
bladder neck. At this level, the rectus fascia meets the 
pubis and the urogenital diaphragm fibers meet the 
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Figure 61.39 Primary bladder closure. These diagrams demonstrate the sequence of initial bladder closure in a 
staged repair for bladder exstrophy in the male patient. From left to right: (1) completion of dissection around the 
bladder and urethral plate; (2) placement of a suprapubic drainage tube after corporeal reapproximation; (3) tubu- 
larization of the urethral plate over the catheter; (4) following two-layer closure of the bladder and urethral plate, the 
bladder is reduced in the pelvis and fixed with sutures; (5) drainage tubes are brought out superiorly and the fascia, 


subcutaneous tissue, and skin are reapproximated. (Adapted from Brock and O’Neill,2 with permission.) 


posterior urethra—bladder neck. The urogenital 
diaphragm fibers and the intersymphyseal band must 
be completely taken down from the pubic subperios- 
teum bilaterally to the pelvic floor, or the posterior 
urethra and bladder will not be recessed within the 
deep pelvis. 

At this point the posterior urethra must be 
assessed. If the urethral groove is adequate in length, 
no transverse incision is made to transect the urethral 
plate. If the child has severe chordee and a short ure- 
thra that inhibits attempts at penile lengthening, an 
incision of the urethral plate may be necessary. Man- 
agement of this is best assessed after extensive mobi- 
lization of the bladder and prostatic plate from the 
rectus fascia, the pubic bones, and the inferior ramus 
of the pubis. Once radical division of the urogenital 
diaphragm fibers from the posterior urethra—bladder 
neck area is accomplished, the prostatic urethra can be 
displaced posteriorly into the pelvis. In some cases, 
division of the anterior attachments of the crura and 
the suspensory tissue of the penis is needed and dis- 
plays the gap to be bridged between the prostatic 
plate and the penile plate. This lack of urethral plate 
length can be managed by dividing the prostatic plate 
distal to the verumontanum in a V-shaped fashion. 
After corporeal mobilization and midline reapproxi- 
mation, the penile urethral plate is fashioned from a 
lateral rotational flap generated after a single lateral 
incision into the paraexstrophy skin; therefore, less 
tissue redundancy and dissection are necessary. 


Whereas this has been reconstructed after the manner 
of Johnston??? or Duckett,!5? paraexstrophy skin flaps 
should be used with great caution. The authors have 
noted a 40% complication rate associated with their 
use and significant comorbidity.!54 

The corporeal bodies are not sewn together at this 
time, since this will be achieved after the urethra has 
been transposed beneath the corpora at the time of 
epispadias closure. Once the dissection appears com- 
plete, a sound on the posterior urethra can be com- 
pressed and the pelvis manually approximated to 
roughly assess completeness of mobilization of the 
posterior urethra and urogenital diaphragm. 

After a silicone Malecot suprapubic tube has been 
placed, the umbilicus is excised and the bladder is 
closed in the midline in multiple layers with a running 
3-0 Vicryl suture. The posterior urethra is also closed 
onto the base of the penis, sizing it to accept a 
12-14 Fr sound. The intersymphyseal stitch is then 
placed but initially is not tied. A No. 2 nylon suture is 
recommended. It is key to perform a horizontal mat- 
tress closure, planning for the knot to be placed on 
the anterior surface of the pubis. This technique pre- 
vents the suture or knot from eroding into the urethra 
or bladder neck. Once the suture is in but not tied, 
three surgical personnel are needed to reapproximate 
the pubis symphysis. One individual applies pressure 
over each greater trochanter to push the pubic rami to 
the midline. A second individual depresses the poste- 
rior urethra and bladder neck. The third individual 
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ties the nylon suture. If the rectus fascia is strong, a 
second No. 2 nylon suture is placed just above the 
symphysis. The abdominal wall, subcutaneous tissues, 
and skin are then closed in multiple layers. A V- 
shaped flap of skin is fashioned in the midline for the 
neoumbilicus at the level of the iliac crests. The 
neoumbilicus is used as the site to bring the three uri- 
nary drainage catheters out to the skin. Inguinal her- 
nias, seen in up to 82% of males, may be surgically 
repaired at the time of initial exstrophy closure.”! This 
can be done through separate incisions or via the mid- 
line exstrophy closure incision. 


Female MSRE bladder and posterior urethral 
closure technique 


In stage 1 of the MSRE of the female child, the sur- 
gical techniques of bladder, pelvic ring, and abdomi- 
nal wall closure are identical to those described for the 
male. However, the closure of the female differs from 
the male closure in that the female urethra is com- 
pletely reconstructed at stage 1.!-151 The urethral plate 
mucosal incision is 2 cm wide, traversing from the 
distal trigone to the vaginal orifice in the female. 
Paraexstrophy skin flaps are unnecessary in female 
exstrophy closures.!55 The medial aspect of each 
hemiclitoris is de-epithelialized to permit approxima- 
tion of the two glans clitori and reconstruction of the 
mons. The bladder and female urethra are closed in a 
two-layer Vicryl closure and the pubic bones, abdom- 
inal wall, subcutaneous tissue, and skin are closed as 
outlined in the male. The monsplasty and genito- 


plasty are then performed. 


Postoperative care of stage 1 MSRE 


In male and female cases of initial closure, a suprapu- 
bic tube and ureteral stents are placed via the neoum- 
bilicus, since intubation of the urethra is discouraged. 
Additional factors that are important to the success of 
the initial closure include pelvic immobilization and 
fixation, adequate pain control, prevention of abdom- 
inal distention, and postoperative antibiotics.!49.15° 
The ureteral stents are maintained for 2-3 weeks. 
Adequate urethral caliber and minimal postvoid resid- 
uals are assured prior to removal of the suprapubic 
tube at 4 weeks. The status of the upper tracts is doc- 
umented by ultrasound prior to discharge and is fol- 
lowed by ultrasound at 3 months and every 6 months 
to l year. The successfully closed child is continued 
on prophylactic antibiotics, for essentially all have 
VUR. Increasing hydronephrosis, worsening VUR, 
retained urine in the bladder, and recurrent UTIs 


should prompt further evaluation for suture erosion 
or outlet obstruction. Between the ages of 1 and 3 
years old, yearly cystograms under anesthesia are per- 
formed to assess the degree of reflux and, more 
importantly, to assess the growth of the bladder. By 
this age, it is hoped that the capacity will achieve 
60-85 ml. 


MSRE stage 2: epispadias repair 


Since the initial description by Jeffs of the staged 
reconstructive approach to exstrophy, the timing of 
the epispadias repair has changed. Originally, Jeffs 
advocated epispadias repair as the last stage of recon- 
struction. However, he later recognized that earlier 
epispadias repair increased the success of later conti- 
nence procedures by stimulating bladder growth and 
increasing bladder capacity.!4! In the MSRE, epispa- 
dias repair (stage 2) is now typically performed at 
12-18 months of age via the modified 
Cantwell-Ransley technique (Figure 61.40). Epispa- 
dias repair can prove challenging. The goals of epis- 
padias repair include a straight penis and urethra, easy 
urethral catheterization, normal erectile function, and 
a cosmetically satisfactory phallus. These goals allow 
the patient to stand while voiding and to have intro- 
mission during intercourse. 


Preoperative considerations 


In preparation for this repair, the following questions 
must be addressed: 


1 Would preoperative stimulation of penile growth 
with testosterone benefit the repair? 

2 Is penile straightening and lengthening required at 
this time? 

3 Is the current posterior urethral meatus ideal, Le. 
without and/or not prone to stricture? 


Prior to performing the epispadias repair, several sur- 
geons use topical or intramuscular testosterone to 
increase the size of the phallus and the phallic 
skin. 139,157,158 Intramuscular testosterone enanthate 
in oil (2 mg/kg) can be administered at 5 and 2 weeks 
prior to epispadias closure. The decision as to the 
need for penile lengthening can then be made after 
the response to testosterone has been observed. Penile 
lengthening can be achieved almost always at this 
time by division of all remnants of the suspensory lig- 
ament and scar tissue as well as further release of the 
crura from the inferior pubic rami. It is surprising 
how much of this tissue is intact at the onset of the 
epispadias repair. In some situations, further urethral 
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Figure 61.40 The steps for the Cantwell-Ransley repair for epispadias. (a) The tubularized urethral plate is placed in 
a dorsal groove incision in the glans penis. The dotted lines indicate the site of incision for the cavernosa — caver- 
nosotomies; (6) approximation of the corpora cavernosa and performance of cavernosal anastomosis; (c) glans 
closure over urethra and skin closure. (Adapted from Brock and O’Neill,2 with permission.) 


lengthening may require free skin grafts, buccal 
mucosal grafts, ureteral grafts, or pedicle skin flaps. 
These same maneuvers can be used to repair the 
scarred or stenosed posterior urethra. 


The modified Cantwell-Ransley technique 


Cantwell first described mobilization of the urethra 
and moving it ventrally for epispadias repair.!5? Rans- 
ley and Woppin subsequently modified this technique 
and reported on their results in 1988.160 To begin this 
procedure, a stay suture is placed into the glans penis 
(see Figure 61.40). A reverse MAGPI (meatal 
advancement-glanuloplasty) or IPGAM procedure at 
the distal urethral plate allows advancement of the 
urethral meatus onto the glans. Following this, skin 
incisions are made on the lateral edges of the urethral 
plate and around the epispadic meatus. This plate is 
dissected from the corporeal bodies up to the level of 
the glans distally and to the prostatic urethra proxi- 
mally. Glandular wings should be developed distally 
as well. The corporeal bodies are then separated from 
each other. This allows them to be rotated medially. 
The urethra is then tubularized over a 6 or 8 Fr ure- 
thral catheter, using running 6-0 absorbable suture. 
The corporeal bodies are rotated over the urethra and 
reapproximated using 5-0 absorbable suture in an 
interrupted fashion. 

Cavernocavernosotomies may be performed prior 
to reapproximating the corporeal bodies to help cor- 


rect persistent chordee. These are performed at the 
point of maximal angulation. The neurovascular bun- 
dles may require mobilization to avoid injuring them 
if cavernosotomies are performed. The glans wings 
are then closed over the urethra using interrupted 5-0 
absorbable suture. Penile shaft skin can be trimmed 
and tailored to cover the penis using interrupted 5-0 
or 6-0 absorbable sutures. Z-plasties at the level of 
the pubis may decrease the chance of a dorsal retrac- 
tile scar at the base of the penis. Postoperative care 
includes bladder antispasmodics, broad-spectrum 
antibiotics, and removal of the urethral catheter at 2 
weeks. 

Outcomes of this technique have revealed urethro- 
cutaneous fistula rates ranging from 5.5 to 42%. In 
Lottmann and colleagues series of 40 patients, a suc- 
cessful anatomic and functional result was seen in 
90% of the patients at a mean follow-up period of 3 
years. These authors also reported complications 
requiring further procedures in 45%. Complications 
were more common in those patients who underwent 
this procedure as part of an exstrophy closure vs iso- 
lated epispadias.161 A recent review of the 10-year 
Johns Hopkins experience with the modified 
Cantwell-Ransley procedure!6? found 79 patients 
with classic bladder exstrophy and 14 with complete 
epispadias; 23% developed early urethrocutaneous 
fistulae, with a 19% fistula rate at 3 months postoper- 
atively; 7.5% developed urethral stricture proximally 
and 83% had a straight urethra by cystoscopy or 
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catheterization; 93.5% had a horizontal or down- 
ward-angled penis when standing. Long-term experi- 
ence with 93 patients with the modified 
Cantwell-Ransley repair finds a conical glans, a 
straight penis, and urethra below the corporeal bodies 
with an acceptable complication rate. 16? 


MSRE stage 1+ 2: combined exstrophy 
and epispadias closures 


In the event of a significantly delayed primary closure 
or an initial bladder closure failure, a simultaneous 
closure of the exstrophy bladder and the epispadias 
can be performed. The advantages to this approach 
include one less anesthetic exposure and increasing 
outlet resistance to stimulate bladder growth. Again, 
in this scenario, the combined horizontal innominate 
and the posterior vertical osteotomies are necessary 
for a secure bladder, abdominal wall, and posterior 
urethral closure and can allow transposition of the 
urethra to beneath the corpora with some dissection. 
This combined approach of simultaneous exstrophy 
and epispadias closures has been performed in 38 
patients at Johns Hopkins Hospital with comparable 
results (i.e. fistula rate, BNR rate, augmentation rate, 
and continence rate) to age-matched patients who 
underwent the classic staged approach after failed ini- 


tial closure. 143 


Bladder neck reconstruction 


Preoperative assessment 


In incontinent children after CPRE or MSRE, a con- 
tinence procedure is indicated when (1) the urethra is 
stricture-free and capable of catheterization if neces- 
sary, (2) under anesthesia, the bladder capacity has 
achieved a minimum volume of 60-85 ml, and (3) 
the child is mature enough to participate in the post- 
operative voiding program.!°? This is typically 
around age 4—5 years. Following a careful history and 
physical examination, cystourethroscopy and gravity 
cystogram under anesthesia is performed for all 
patients before proceeding to open BNR. Cystoscopy 
and gravity cystogram provide information regarding 
bladder capacity and the status of any previous 
repairs, including correction of epispadias. Advocates 
of staged reconstruction emphasize the importance of 
achieving adequate bladder capacity prior to perform- 
ing BNR. A bladder capacity of <60 ml under anes- 
thesia or during urodynamic evaluation decreases the 
success of BNR.103.135 BNR requires adequate blad- 


der capacity because some volume is lost during con- 
struction of the bladder neck. Factors that increase the 
potential for the bladder to achieve adequate capacity 
prior to BNR include: 


E avoidance of UTIs 

E complete bladder emptying with institution of 
clean intermittent catheterization if bladder empty- 
ing is incomplete. 

E epispadias repair 

® avoidance of bladder prolapse.*4 


Preoperative urodynamic evaluation should be con- 
sidered because it allows detection of detrusor hyper- 
activity or atony as well as assessment of functional 
bladder capacity and leak point pressures. However, 
the urethra of these patients may be difficult to 
catheterize. In these situations, a urodynamic catheter 
can be placed suprapubically at the time of the cys- 
tourethroscopic examination to be used later that day 
for the urodynamic evaluation. 

Ureteroneocystostomy may be required at the time 
of BNR to correct VUR and to move the ureters 
from the lower bladder where BNR will occur. The 
Cohen technique is often employed. However, others 
have described a cephalotrigonal technique that is 
particularly applicable to exstrophy patients because 
of the angle of ureteral entry into the bladder.!* The 
Marshall—Marchetti-Krantz bladder neck suspension 
or a bladder neck wrap using rectus muscle or fascia 
or gracilis may be combined with BNR as well. It is 
also necessary to reassess whether osteotomy might 
stabilize the intersymphyseal bar and improve conti- 
nence at the time of BNR. 

The following section describes the most com- 
monly employed BNR techniques, including the 
modified Young-Dees—Leadbetter (Figures 61.41 
and 61.42) and the Mitchell repairs (Figure 61.43). 


MSRE stage 3: modified 
Young—Dees-Leadbetter bladder neck 
reconstruction 


The modified Young—Dees—Leadbetter (YDL) blad- 
der neck plasty?" and the transtrigonal/cephalotrigo- 
nal bilateral ureteral reimplantation! are the surgical 
techniques employed in the MSRE stage 3. As evi- 
denced by the name, the combined thoughts of sev- 
eral surgeons spanning over an 82-year period has led 
to the modern YDL BNR.!°? To perform a modified 
YDL procedure (see Figures 61.41 and 61.42),! the 
bladder neck is extensively dissected and a vertical cys- 
totomy is made. Occasionally, a portion of the inter- 
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(b) 


Figure 61.41 Principles of the Young-Dees-Leadbetter procedure. This is performed as the third stage of a staged 
reconstructive approach to exstrophy. The ureters are reimplanted as shown here to prevent vesicoureteral reflux 
and move them out of the area of the bladder neck reconstruction. The base of the bladder is reconstructed to 
lengthen the urethra and reinforce the bladder neck. (Adapted from Brock and O’Neill,2 with permission.) 


Figure 61.42 Principles of the Young-Dees-Leadbetter procedure. The bladder neck closure is reinforced with a 
pants-over-vest closure. Drainage catheters are brought out superiorly. (Adapted from Brock and O’Neill,2 with per- 
mission.) 


Figure 61.43 Mitchell bladder neck reconstruction. (a) Dotted lines represent incisions that will construct posterior 
bladder strip that will become urethra. (6) Retractor pulling inferior-most portion of the bladder superiorly, effec- 
tively enlarging bladder dome. Posterior strip (arrows) is 1.5 cm in width. Ureters detached from bladder. (c) Strip 
and bladder closed, ureters reimplanted into bladder at high level. 
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symphyseal bar must be resected or the pubic bar 
divided completely for visual access. After transtrigo- 
nal/cephalotrigonal bilateral ureteral reimplanta- 
tion,!©* a strip of bladder mucosa approximately 
1.5-1.8 cm wide and 3-4 cm long is generated and 
the lateral bladder triangles are demucosalized. Use of 
an epinephrine-soaked sponge during this dissection 
aids in hemostasis and visualization. The bladder neck 
may be funneled further with small vertical incisions 
along the cut edge of the lateral bladder walls. The 
neourethra is tubularized over an 8 Fr Firlit stent 
using interrupted or running polyglycolic acid sutures 
(4-0 or 5-0). The first of these sutures is a 3-0 PDS, 
demarcating the bladder neck. The two triangular 
regions of demucosalized detrusor muscle are then 
closed over the mucosal tube in a two-layer ‘vest-over- 
pants’ double-breasted technique using 3-0 polygly- 
colic acid sutures.2* This reinforces the neobladder 
neck, decreases the risk of fistula, and augments the 
outlet resistance. 166 The sutures in the third layer are 
not cut, since they are used in the Marshall—Marche- 
tti-Krantz bladder neck suspension. 164 

In the past, Gearhart et al have advocated the use of 
intraoperative urodynamic studies!®7, but now do not 
routinely perform this. Retrospective studies have 
shown that intraoperative closure pressures of 
70-100 cmH,O will prevent urinary leakage at 
50 cmH,O intraoperatively.!©4 Postoperative man- 
agement is similar to that following the Mitchell 
repair. Some surgeons recommend avoidance of a 
urethral catheter in the postoperative period because 
of concerns that it may adversely affect later urinary 
continence. Urinary drainage is achieved by the use of 
bilateral ureteral catheters and suprapubic tube 
drainage. 166 Ureteral stents are removed around 2-3 
weeks and voiding trials begin in the 3rd week. The 
urethra is calibrated with a soft 8 Fr catheter and 
voiding trials are begun with the suprapubic tube in 
place after the urine has been sterilized. If no urine is 
passed, cystoscopy and urethral stenting may be 
required for a short period of time. A bladder read- 
justment period may span several months before day 
and subsequently night continence is achieved. 


Bladder neck reconstruction after CPRE — 
the Mitchell repair 


This repair employs a modification of the Leadbetter 
procedure described above (see Figure 61.43).16 In 
this modification, the anterior urethra is incised trans- 
versely and the incision is extended cephalad. The 
incision is made full thickness. After cross-trigonal 


ureteral reimplantation, the urethral strip is tubular- 
ized in two layers using Vicryl or Monocryl suture 
(4-0 or 5-0) over an 8-10 Fr urethral catheter, 
depending on the size of the patient. The bladder may 
be closed in continuity with the urethral closure. This 
procedure effectively narrows and lengthens the ure- 
thra. It also moves fibrotic tissue at the level of the 
original bladder neck away from the new bladder 
neck. Following the closure, dissection around the 
new bladder neck may be performed if a combined 
bladder neck wrap or sling is placed simultaneously. 

Postoperatively, urine is drained through a combi- 
nation of ureteral stents, a suprapubic tube, and a 6 Fr 
(Kendall) urethral catheter. The urethral catheter is 
removed 7-10 days after the operation. Ureteral 
stents are removed at 10-14 days after surgery. The 
suprapubic tube remains for 3 weeks. Voiding trials 
are performed with measurement of postvoid residual 
urine volumes to assess for urinary retention before 
removing the suprapubic tube. As with any BNR pro- 
cedure (without augmentation), several months of 
adjustment will be required before the patient devel- 
ops adequate bladder awareness, capacity, and control 
to achieve prolonged intervals of urinary continence. 

Occasionally, trigonal tubularization must be com- 
bined with bladder augmentation because of small 
bladder capacity; most bladder neck repairs decrease 
bladder capacity, since bladder is used to create the 
continence mechanism.!68 Stomach offers the best 
potential to preserve spontaneous volitional voiding 
in this group, but places these children at risk of 
hematuria-dysuria syndrome which can be especially 
troubling in the face of persistent urinary inconti- 
nence and normal sensory innervation.!©? Other 
intestinal segments may also be used, according to 
surgeon preference. If augmentation is required, 
appendicovesicostomy or another form of the Mitro- 
fanoff operation can be simultaneously performed if 
the urethra is difficult to negotiate because of the like- 
lihood that patients will require intermittent catheter- 
ization to empty the bladder after BNR. 


BNR results 


After BNR, surgical success is defined as a dry inter- 
val >2-3 hours and spontaneous voiding without 
catheterization. YDL BNR and its variants have 
yielded surgical success, with urinary continence rates 
of 30-80+% for patients with bladder exstro- 
phy.165.!70-173 Many factors influence the outcome of 
surgery. For instance, an initial failed bladder closure 
or prior failed BNR reduces the chance of achieving 


1032 Clinical pediatric urology 


subsequent urinary continence in these patients. 19% A 
preoperative bladder capacity of >85 ml portends a 
greater continence rate after YDL BNR.!”* Use of 
osteotomies to provide a tension-free anastomosis 
and patient immobilization through the use of spica 
casting or Bryant’s traction in the postoperative 
period increase the success of bladder closure and sub- 
sequent continence.!4*!44 Delayed bladder closure 
increases the likelihood of eventual need for bladder 
augmentation due to inadequate bladder capacity 
that, in turn, reduces the chance for volitional void- 
ing. 

Woodhouse and Redgrave have also reported that 
8 of 13 patients with initially successful bladder clo- 
sures and BNR required further surgery in their 
second decade of life because of poorly compliant, 
low-capacity bladders that caused urinary inconti- 
nence.!”> Surgeons who care for these patients must 
be committed to the long-term follow-up of this com- 
plex group of patients, as late complications may 


develop. 


Outcomes of MSRE 


In contrast to the high rate of renal damage reported 
by multiple centers employing a single-stage recon- 
structive effort to bladder exstrophy in the 1970s, 
results from a staged reconstruction approach 
appeared significantly better at that time. Jeffs and 
colleagues reviewed their results with staged recon- 
struction and noted normal upper urinary tracts in 
87%.176 Later series from Johns Hopkins Hospital 
also achieved low rates of renal damage (12% and 
17%, respectively). 150-177 

Urinary continence rates with single-stage efforts in 
the 1960s and 1970s were also not consistently suc- 
cessful. Continence rates ranged from 0 to 45%, with 
an average of 17%. In contrast, staged efforts by Jeffs 
and others demonstrated continence rates of 
60-88%.122-149,171,178-182 (see Figure 61.22). These 
results prompted a shift from single-stage reconstruc- 
tion to planned multiple-stage reconstruction for 
bladder exstrophy. Accumulation of the data from 
several series of staged reconstructions reveals that 
early exstrophy closure, only if in conjunction with 
pelvic ring approximation, results in a higher rate of 
continence achieved without augmentation; delayed 
closure, especially if without osteotomies, resulted in 
more bladder augmentations. 148-14 Bladder capacity 
under anesthesia, prior to bladder neck plasty, is the 
most important single predictor of eventual urinary 


continence. !2 


Others using the staged approach to exstrophy 
reconstruction have generally noted lower rates of uri- 
nary continence — as low as 9% — with the need for 
clean intermittent catheterization to achieve urinary 
continence in as many as 60% of these 
patients, +69:179:183 These series reflect the variable suc- 
cess of staged reconstruction. Conversion rates in 
these patients from reconstructive efforts to urinary 
diversion range from 7.4% to 59.4%, 175.178,184 


Exstrophy reconstructive failures 


Failed initial closure 


At the primary closure, failures can manifest as com- 
plete bladder dehiscence, bladder prolapse with 
obstruction, and stricture of the posterior urethra. 
Failure of the initial closure significantly decreases the 
chance for eventual continence with volitional void- 
ing.15°.166,185 Gearhart and colleagues reported that 
only 40% of patients after a failed primary closure 
attempt will ultimately achieve a bladder capacity ade- 
quate for BNR.!6 If more than two closure attempts 
are required, chances for continence decrease to 
20%.186 

Dehiscence may be largely prevented by approxi- 
mation of the pelvic ring, adequate pelvic immobi- 
lization, prevention of wound infection, abdominal 
distention, or urinary tube malfunction.!4%!5° The 
child should be given a 6-month recovery period 
prior to a second attempt at closure. A tension-free 
closure, with osteotomy and immobilization, are 
important factors for both initial and secondary clo- 
sures.!87 As noted above, the likelihood of obtaining 
an adequate bladder capacity for bladder neck plasty 
and eventual continence is markedly diminished fol- 
lowing multiple reclosures.!87-189 

Bladder prolapse is considered a failure essentially 
similar to dehiscence and will require bladder reclo- 
sure/revision. Prolapse represents dehiscence of the 
lower end of the closure. It is a consequence of 
incomplete pelvic ring closure, which is why simple 
reclosure without osteotomy and pelvic closure is 
likely to be ineffective. 

Bladder outlet obstruction is characterized by 
postvoid residuals greater than the expected bladder 
capacity. Outlet obstruction increases the risk of renal 
damage by raising storage pressures to dangerous 
levels; this is especially dangerous if unrecognized for 
several months or more.!9° Outlet obstruction also 
increases the risk of UTI. The bladder outlet follow- 
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ing initial bladder closure may be assessed with 
sounds or bougies 4—6 weeks after closure to detect 
stenosis. Ultrasonography of the bladder and upper 
tracts should be performed 3 months after closure to 
detect hydronephrosis or bladder distention that 
might indicate outlet obstruction. Hydronephrosis 
and high bladder volumes require evaluation with 
cystoscopy followed by urethral dilatation or the insti- 
tution of intermittent catheterization as indicated. In 
a review of 68 patients at Toronto Sick Children’s 
Hospital, 23% developed hydroureteronephrosis fol- 
lowing the initial closure and all were successfully 
treated with dilatation of the bladder outlet or insti- 
tution of clean intermittent catheterization. 190 

Neourethral stricture is often associated with the 
use of paraexstrophy skin flaps in the posterior ure- 
thra;!8° pubic suture reaction and erosion or urethral 
stents have been felt to contribute to this problem. 
This diagnosis may be somewhat subtle; UTIs, 
detectable bladder volumes on ultrasound, bladder 
stones, and prolonged dry periods may be indicators. 
Whereas nearly all closed exstrophy bladders have 
VUR, upper tract deterioration is always due to 
outlet obstruction. Management options include 
upper tract diversion (usually diversion into a colon 
conduit, which might be incorporated into augmen- 
tation or continent diversion at a later date), urethral 
dilatation/incision, or open urethroplasty with or 
without osteotomies as indicated.!?! Clearly, if renal 
function is compromised, the therapy must achieve 
reliable free drainage to allow the upper tracts and the 
kidneys to fully recover. No additional bladder neck 
or urethral reconstruction should be performed in the 
face of an active posterior urethral stricture. 


Failed genital-urethral reconstruction 


Urethrocutaneous fistula is the most common com- 
plication of Cantwell—Ransley epispadias closure, and 
is seen in 19% of patients at 3 months postopera- 
tively. 162 Urethral tortuosity with difficult catheteriza- 
tion and strictures is uncommon with this or the 
Mitchell repair. 

At an older age, unsightly penile scars and a short 
phallus may prompt further surgical intervention. Scar 
excision can be closed in a plastic fashion if penile skin 
is available; otherwise, flaps or full-thickness skin 
grafts can be used. Freeing all scar tissue and suspen- 
sory ligament tissue can maximize penile length. A 
dorsal dermal corporal graft!” or ventral corporeal 
plication and rotation (Cantwell-Ransley type)!?#-1% 
may additionally help lengthen as well as correct any 


chordee. However, it must be recognized that the 
exstrophy penis, when compared with age- and race- 
matched controls, is congenitally deficient in anterior 
corporeal tissue as assessed by MRI (see Figure 61.3). 
The posterior corporeal segments, attached to the infe- 
rior pubic ramus, are the same length as controls. 
Therefore, overly aggressive attempts at lengthening 
the penis may only result in corporeal denervation and 
devascularization without additional lengthening.’ 


Failure to gain bladder capacity 


Despite a satisfactory initial closure, some bladders 
never attain sufficient capacity for normal function. It 
has become clear that multiple bladder closures, blad- 
der prolapse, dehiscence, bladder calculi, recurrent 
infections, and vesicostomy have a negative impact 
upon the potential of the exstrophy bladder.!*° Blad- 
der augmentation is recommended in this situation. If 
the bladder neck and/or urethra is problematic, a 
catheterizable abdominal stoma with or without blad- 
der neck plasty or transection is performed with the 
augmentation. !?! 


Failed bladder neck reconstruction 


If urinary continence, defined as a >2-3 hour dry 
interval, is not achieved within 2 years of BNR, this is 
considered a failure. Patients who fail to achieve con- 
tinence after BNR should undergo urodynamic evalu- 
ation. Some patients will demonstrate uninhibited 
bladder contractions resulting from increased resis- 
tance at the bladder neck after reconstruction. Treat- 
ment with anticholinergic agents such as oxybutynin 
can significantly improve the continence of these 
patients. If urodynamic evaluation reveals a bladder 
with adequate capacity but low leak point pressures, 
the YDL procedure can be performed again. 

Some success has been seen in repeating a YDL 
repair if the bladder neck is patulous and the bladder 
capacity is adequate.!°° However, this is an unusual 
occurrence. The majority of bladder neck failures have 
inadequate bladder capacity and require eventual aug- 
mentation or a continent diversion.!!54 Either the 
bladder neck is transected proximal to the prostate 
with a Mitrofanoff substitution or a continence pro- 
cedure is performed, such as artificial sphincter!?7-1°8 
or collagen injection. 155 

Delayed urinary continence has been reported by 
Kramer and Kelalis at the onset of puberty in some 
males and has been attributed to prostatic growth. 1°4 
By MRI, the prostate of exstrophy patients is clover- 
shaped and absent anteriorly, while its mean weight, 
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maximal cross-sectional area, and volume are 
normal.!? Therefore, it is doubtful that growth of this 
abnormally configured prostate can impact upon uri- 
nary continence, although the experience of improved 
continence at puberty is not uncommon. 


Management alternatives after failed 
bladder neck reconstruction 


After failed BNR, several other options are available. 


Artificial urinary sphincter 


An artificial urinary sphincter may be used to achieve 
urinary continence in patients who have adequate 
bladder capacity and compliance but an incompetent 
bladder neck after BNR.!9” This device preserves the 
ability to volitionally void, but because of the require- 
ments for later revision and the dexterity required to 
use it, it is not our first choice for younger patients. 
Others have described its use in combination with 
bladder augmentation. In one series of 11 patients 
who underwent sigmoid augmentation with artificial 
urinary sphincter placement, nine are continent. 
However, these patients required multiple operative 
revisions to achieve this degree of continence.2 
Sphincter erosion into the bladder neck or bowel seg- 
ment can also occur, possibly due to prior surgeries of 
the urethra and bladder neck.2! 


Bladder neck wrap/sling 


Bladder neck wraps and slings may also be used. 
However, other series reporting on the use of bladder 
neck wraps suggest that this procedure does not con- 
sistently maintain long-term urinary continence, espe- 
cially in male patients who constitute the gender 
majority in exstrophy. 149-150 


Bladder neck bulking agents 


Several authors have used 
155,202,203 


collagen injec- 
tions and more recently dextranomer 
(Deflux)?°40° at the bladder neck to treat patients 
with stress incontinence after BNR or primarily in 
mildly affected epispadiac patients. Ben-Chaim et al 
reported an improvement in continence in 53% of 
patients after collagen therapy, although most 
required multiple injections.!°> Since this injection is 
placed into a previously operated field, overall success 
rates for bladder neck bulking agents are significantly 
less than success rates achieved for VUR (in children 
without exstrophy).?°” Bulking agents can be used as 
an adjunctive procedure for those patients who 


demonstrate slight leakage due to stress incontinence 
after BNR. 


Bladder neck closure 


Bladder neck closure in conjunction with appendi- 
covesicostomy is also an option in those patients who 
have failed multiple attempts at BNR. This is a last 
resort because it eliminates the chance to void per ure- 
thra and commits the patient to intermittent catheter- 
ization. 


Urinary diversion 


Proponents of urinary diversion for the treatment of 
exstrophy argue that the varying continence rates 
achieved with functional reconstruction demonstrate 
the unreliability of this approach, The use of the 
native bladder will often require later bladder aug- 
mentation with intestinal segments to achieve a func- 
tional bladder storage capacity. Certainly some 
centers report poor rates of continence after primary 
reconstruction and some urodynamic studies do 
demonstrate low urine flow rates and poor contractil- 
ity in patients following primary bladder reconstruc- 
tion 209.210 

Primary urinary diversion avoids the complications 
associated with functional reconstruction, including 
urinary retention and subsequent kidney damage, a 
predisposition to UTI, and later dependence on clean 
intermittent catheterization to empty the bladder 
with its own possible complications of urethral stric- 
ture formation, epididymitis, and UTI.7!! Advocates 
of early urinary diversion also cite a decreased risk of 
epididymitis and obstruction of the vas deferens by 
the creation of a seminal receptacle with a suprapubic 
window at the level of the prostatic urethra.2!! Diver- 
sion can be combined with cosmetic operative proce- 
dures for the external genitalia. 

Urinary diversion is used to provide urinary conti- 
nence in patients who have failed multiple attempts at 
functional reconstruction.2!2 Some also advocate pri- 
mary urinary diversion for patients with bladder 
plates deemed too small to close. However, because it 
is impossible to accurately predict which bladder 
plates will increase significantly in size after primary 
closure, we do not divert the urine primarily in exstro- 
phy patients. Arap has described preserving the very 
small bladder by using it as the continence mechanism 
rather than a storage vessel after anastomosing the 
ureters to a sigmoid conduit in an antireflux manner. 
Final reconstruction involves attachment of the sig- 
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moid conduit to the neourethra and reconstruction of 
the abdominal wall. 

Advocates of early urinary diversion argue that it 
achieves the primary goals of surgical intervention for 
bladder exstrophy with fewer operations and higher 
success rates than are achieved with bladder closure 
and urethral reconstruction. Prior to the populariza- 
tion of staged reconstruction, ureterosigmoidostomy 
was the treatment of choice for exstrophy reconstruc- 
tion. The long-term complications of ureterosigmoi- 
dostomy, including hyperchloremic metabolic 
acidosis, chronic pyelonephritis, and a 250-500-fold 
increased risk of colonic adenocarcinoma formation at 
the site of anastomosis, dampened enthusiasm for this 
procedure despite improvements in ureteroenteral 
anastomoses. 13°-156.157 Ureterosigmoidostomy was 
subsequently replaced by incontinent urinary diver- 
sions such as the colonic and ileal conduits, which 
have the disadvantage of an external appliance. The 
introduction of clean intermittent catheterization 
allowed the development of continent urinary diver- 
sions, which are now the preferred method of urinary 
diversion to the abdomen in this population. 


Rectal reservoirs 


Various investigators have made significant improve- 
ments on the use of the rectum as a urinary reservoir, 
including the Mainz II pouch and the Sigma 
pouch. 416% Use of a rectal reservoir permits urinary 
continence without reliance on clean intermittent 
catheterization. Hohenfellner and Stein report a 92% 
rate of renal preservation in their series of children 
treated primarily with a urinary rectal reservoir 
(Mainz II pouch since 1991). Continence rates of 
97% in school-age children are reported using this 
technique.?!! The Heitz Boyer-Hovelacque proce- 
dure involves isolation of a rectal segment for ureteral 
implantation followed by posterior sagittal pull- 
through of the sigmoid colon through the anal 
sphincter to achieve both urinary and fecal continence 
with separate anal openings for each. A small series 
using this procedure reported continence rates of 
95% with acceptable complication rates.?!4 
Complications of rectal diversion include fecal—uri- 
nary incontinence in patients with impaired anorectal 
sphincter control.!6° Metabolic electrolyte imbalances 
can be treated with complete frequent emptying of 
the rectal reservoir, reducing the contact time 
between urine and the absorptive mucosa, along with 
oral bicarbonate replacement. Oral bicarbonate 
replacement is recommended for all patients who 


have a base deficit of 22.5 mmol/L.?!! The risk of 
malignant degeneration still remains with use of a 
rectal urinary reservoir. If the increased risk of adeno- 
carcinoma is due to conversion of urinary nitrates into 
carcinogenic nitrites by fecal bacteria, modifications 
of the rectal reservoir to prevent admixture of feces 
and urine may theoretically decrease the incidence, 163 
Long-term results are not yet available. 


Approaches to urinary diversion 
Methods to construct urinary diversions include: 


1 Continent diversions: 

(a) External diversions (continent urinary reser- 
voir) 
E Indiana pouch 
E Mainz pouch 
E Penn pouch 
E Kock pouch 
® others 

(b) Internal diversions (rectal sphincter-based con- 
tinence): 
E ureterosigmoidostomy 
E Sigma pouch 
E Ghoneim reservoir 
E Gersuny 
E Heitz Boyer-Hovelacque 
E rectal bladder with proximal colostomy 
H ileocecal ureterosigmoidostomy. 

2. Incontinent diversions: 

E ileal conduit 

E colon conduit 

E ileocecal conduit. 


Management of cloacal exstrophy 


Introduction 


Although cloacal exstrophy has been recognized for at 
least several hundred years, Spencer was the first sur- 
geon to report the successful repair and survival of an 
infant with this anomaly in 1965.164 Mortality rates 
of infants with cloacal exstrophy remained high for 
years following this initial success. In 1979, the mor- 
tality rate of a contemporary series stood at 50%, 165 
Affected infants routinely died of malnutrition and 
sepsis. With continuing improvement in total par- 
enteral nutrition and neonatal management, mortality 
rates are currently less than 10%.?!4 Issues of quality 
of life are now paramount in this patient group. 
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Perioperative management 


Cloacal exstrophy patients are best cared for by a team 
of experienced physicians, including a pediatric urol- 
ogist, surgeon, orthopedist, gastroenterologist, 
endocrinologist, and neurosurgeon. Given many are 
diagnosed prenatally by ultrasound, this multiorgan 
system of care can often be coordinated prior to the 
infant’s birth. Advances in neonatal care, intravenous 
nutrition, and the surgical management of these chil- 
dren have markedly reduced the mortality and mor- 
bidity of this disease. Nonetheless, the management 
of these children remains challenging. 

In the neonatal period, the bladder and hindgut 
plate should be covered (Saran Wrap or Vigilon) to 
protect these structures. The umbilical cord should be 
ligated with a silk suture to prevent an umbilical 
clamp from abrading the bladder or hindgut plate. 
Antibiotic prophylaxis should be given to these 
patients because of the high incidence of renal abnor- 
malities. 

Preoperative studies include ultrasonography, 
abdominal X-ray, and karyotyping. Sonographic 
examination allows the evaluation of the upper uri- 
nary tracts, internal genital structures, and spinal 
cord. Because the genital anomalies associated with 
cloacal exstrophy may make it difficult to accurately 


Figure 61.44 Female cloacal exstrophy. When com- 
pared with male cloacal exstrophy in Figure 61.8, each 
hemiclitoris is not much smaller than each hemipenis. 
However, closer inspection reveals labia majora 
instead of bilateral rugated hemiscrotum. The vaginal 
orifices cannot be seen in this view, but are present. 


identify the sex of the baby (see Figures 61.8 and 
61.44), karyotyping is indicated to define the chro- 
mosomal sex in situations where the gender of the 
infant is unclear. 


Cloacal exstrophy closure techniques 


Each cloacal exstrophy patient is unique, requiring an 
individualized surgical plan. As indicated above, clo- 
sure of a cloacal exstrophy should involve a team of 
pediatric specialists experienced in the care of these 
children. If the baby is medically stable, the initial 
reconstructive procedures should be performed 
within the first 48 hours of life, thus taking advantage 
of the pliable bony pelvis if closure of the entire defect 
is possible. However, in 29-75% of these children, 
spina bifida is present and may need surgical inter- 
vention, delaying the ventral abdominal wall closure. 
In addition, the omphalocele, seen in 88% of cloacal 
exstrophy patients,?!5 may require immediate care to 
prevent rupture. The size of the omphalocele, the size 
of the hindgut plate and bladder plates, the extent of 
the pubic diastasis, and the extent of comorbidities 
largely dictate the timing and staging of the initial clo- 
sure. A large omphalocele containing liver may pre- 
clude any attempt at complete closure.!7 If the large 
omphalocele is not closed because of increased 
abdominal pressure or tension, a silastic silo closure 
may be used, as a delayed closure of the abdominal 
hernia or an alloderm graft can be used to complete 
the closure. 

Gastrointestinal issues are paramount. Although in 
the past a terminal ileostomy was routinely per- 
formed, the metabolic consequences can be signifi- 
cant. Currently, management decisions focus around 
the use of the exstrophic cecal plate and the terminal 
blind-ending hindgut. Options for the cecal plate 
include retaining it in the bladder closure as a bladder 
augmentation vs separating it and reconstructing it 
for the fecal stream. To improve bowel length and 
water resorption, most recommend that the cecal 
plate be tubularized, making the terminal ileum, 
cecum, and the blind-ending hindgut segment all in 
line for the fecal stream. The hindgut segment can be 
anastomosed either in an isoperistaltic or antiperi- 
staltic fashion and brought out as the terminal 
colostomy. In some cases, there are hindgut duplica- 
tions. No segment of bowel should be discarded 
unless absolutely unusable, since it could be used in 
reconstruction of the bowel, bladder, or vagina. Sim- 
ilarly, appendiceal segments should be preserved in 
these patients for possible use in later reconstruction 
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of the urinary tract. Few patients with cloacal exstro- 
phy are candidates for an anal pull-through proce- 
dure. The best candidates are children with anal fistula 
and preserved innervation. 

Before the dissection begins for bladder closure, 
ureteral catheters are placed in the ureteral orifices and 
secured in place with 5-0 chromic sutures. The 
omphalocele repair is begun, with the initial dissec- 
tion beginning superiorly. The umbilical vessels are 
ligated and the bladder plates separated from the adja- 
cent skin as described in the CPRE and MSRE tech- 
niques. The medial cecal hindgut plate is separated 
from the paired, separated bladder plates and tubular- 
ized. After the hindgut has been reconstructed, the 
bladder halves are reapproximated in the midline. 
Inguinal hernias should be repaired if detected. Pri- 
mary bladder closure may be performed at this time if 
the intra-abdominal pressure remains low after 
omphalocele closure. This can be determined clini- 
cally by assessing ventilatory effort. A one-stage clo- 
sure of cloacal exstrophy, including closure of the 
omphalocele, cecal plate tubularization and hindgut 
terminal colostomy, bladder and urethral closure, 
reconstruction of the external genitalia and 
osteotomies, should be performed only under optimal 
anatomic conditions. The decision to proceed with 
one-stage closure vs staged reconstruction spanning a 
period of months must be weighed carefully. Follow- 
ing forced closure, increased abdominal pressure may 
result in organ ischemia, excessive tension to the mid- 
line closure, or compromised lower extremity blood 
flow. The importance of including surgeons experi- 
enced in the care of these patients cannot be overem- 
phasized. Thus, the reconstruction can be staged at 
this point by converting the cloacal exstrophy (Fig- 
ures 61.8 and 61.44) into a classic bladder exstrophy 
(Figure 61.45). A colostomy is created with the pre- 
viously described caveats in mind. 

If staging was required, once the baby has recov- 
ered sufficiently to tolerate another surgical proce- 
dure, the remaining steps of reconstruction of the 
bladder, bladder neck, and genitalia using the CPRE 
technique”!®?!7 or MSRE technique?!® are per- 
formed as previously described. Deep pelvic 
diaphragm dissection with division of the intersym- 
physeal band is crucial to allow for appropriate poste- 
rior positioning of the bladder and urethra. After the 
bladder and urethra are positioned within the pelvis, 
reconstruction of the bladder, genitalia, abdomen, 
and pelvis is anatomic. 

Osteotomies are almost always necessary to assist in 
closure and posterior positioning of the urinary tract, 


Figure 61.45 Staged closure of male cloacal exstro- 
phy. The omphalocele has been reduced. The cecal 
plate had been tubularized and the terminal hindgut 
has been brought out as an end colostomy. The hemi- 
bladders have been united in the midline but remain 
exstrophic. 


given the pubic diastasis is usually more severe than in 
classic bladder exstrophy. Prior to incision, the need 
for osteotomies is assessed under anesthesia by watch- 
ing for ischemia of the lower extremities and external 
genitalia during pubic reapproximation. The Johns 
Hopkins group recommends bilateral combined ante- 
rior innominate and vertical iliac osteotomy with 
gradual approximation of the bones over 1-2 weeks 
via the external fixture and interfragmentary 
pins.7°1° The Seattle group prefers iliac osteotomies. 
Other authors prefer to avoid the use of osteotomies 
because they believe that osteotomies make the 
abdominal closure more difficult.” This has not been 
our experience. Fewer wound dehiscences and ventral 
abdominal wall hernias have been noted with 
osteotomies.?° 

Late procedures may be required on the urinary 
tract to achieve continence, including bladder neck 
reconstruction, bladder neck closure, bladder aug- 
mentation with stomach, ileum or hindgut, and cre- 
ation of a continent catheterizable stoma.3!?2!-?23 
Given nearly all of these children will be dependent 
upon clean intermittent catheterization to achieve 
dryness, surgical reconstruction must be individual- 
ized to meet the needs of their limitations. 


Genital reconstruction and sex of rearing 


Sex assignment for patients with cloacal exstrophy is 
currently under scrutiny both by the medical profes- 
sion and by the lay public. Traditionally, male 


patients underwent sex conversion in infancy because 
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of concerns that the small, paired male hemiphalluses 
in these patients were inadequate for reconstruction. 
This approach was supported by anecdotal data of 
unsatisfied patients following reconstruction of the 
male phallus.3! These observations, in conjunction 
with the prevailing notion that humans were gender 
neutral at birth and could undergo sex conversion 
safely in infancy, have recently come into ques- 
tion. !74,168,224 Recent evidence suggests that gender 
imprinting may occur during fetal development. 16° 
Gender identity now appears to be a much more 
complex issue than previously thought. 

Currently males with cloacal exstrophy are rou- 
tinely reconstructed as males whenever technically 
possible. Many gender reassigned individuals will 
later identify themselves in a male gender role in ado- 
lescence and adulthood.!?4+ Technically, however, 
reconstruction of external male genitalia in the cloacal 
exstrophy population can be quite difficult. The wide 
pubic diastasis and small phallic size add to the tech- 
nical complexity because these findings make it more 
difficult to bring the two phallic halves together in the 
midline. In some cases, if one phallic half is diminu- 
tive, the small one can be removed and the recon- 
struction performed using only the larger phallic half. 

Female genital reconstruction is complex as well. In 
genetic females, complete miillerian and vaginal 
duplication often leads to attempted midline reap- 
proximation. However, if one system appears more 
substantial, excision of the lesser unit may be prudent. 
In genetic males raised female, neovaginal reconstruc- 
tion is typically delayed and may require use of 
hindgut segment or perineal skin. 


Gastrointestinal reconstruction 


Short-gut syndrome is usually present in patients with 
cloacal exstrophy at birth, even in those with normal 
length of bowel. The effects of malabsorption and 
fluid loss from this entity appear to be clinically most 
significant early in life.225 Many such children require 
parenteral nutritional support in early infancy.226:227 
Because of this, we share the belief that the hindgut 
should be constructed and placed in continuity with 
the intestine during initial reconstruction. This will 
perhaps improve nutrition and also preserve intestinal 
tissue that may be used in later reconstruction of the 
urinary tract or to form a vagina, if this is eventually 
needed. It is interesting that Rickham noted the 
importance of preservation of the hindgut in the 
intestine in his report of the first surviving neonate 
with cloacal exstrophy.!74 


Long-term concerns in exstrophy 


Psychosocial concerns 


Children with exstrophy face significant challenges in 
the development of their psychosocial identity. 
Reiner and co-workers have noted that ‘in children 
with exstrophy, psychosocial and psychosexual hur- 
dles are the rule’ rather than the exception. Unfortu- 
nately, this area of development has been poorly 
studied but is drawing attention.228 A preliminary 
study of 135 children and adolescents with bladder 
exstrophy revealed that a detailed sexual and social 
history was rarely part of the routine evaluation of 
these children. Other studies have shown that adoles- 
cent males with exstrophy were psychosexually 
delayed 2—4 years compared with their peers and 
delayed 4-6 years in their activity. Data on teenage 
girls with exstrophy are incomplete but Reiner has 
noted that these girls struggle with sexual self-esteem 
issues such as body image, genital perception, and 
genital Current 
include regular assessment of social development. 
These may include child psychiatric evaluation at 
birth with parental education about concerns. Child 
assessment can begin as early as 12-18 months of age 
and then periodically after that. Evaluation and inter- 
vention are also useful prior to operative procedures. 
Reiner has found that anxiety and psychosexual dis- 
orders are universal in the patients he has evaluated to 
date. Routine patient and parental education should 
be considered.??? A recent German study found 
affected females to have better psychosocial and devel- 
opmental outcomes than affected males.228 


appearance. recommendations 


Sexual function 


As exstrophy patients age, sexual function becomes a 
major concern, along with urinary continence and 
physical appearance. Libido for patients with exstro- 
phy is characteristically present with or without surgi- 
cal correction. Woodhouse noted in his series of 
patients with exstrophy, that many of them do 
develop stable partnerships. He found 33 of 43 
patients married or living with a partner. However, 
sexual counseling in these patients is paramount 
because of the difficulties they face. For male patients, 
erectile function is usually intact.?3%231 Variable 
degrees of chordee can create difficulty in achieving 
intercourse for some patients.?*! In these situations, a 
female superior position provides closer apposition of 
the genitalia for intercourse. For female patients, 
sexual function is often intact.239 In Woodhouse’s 
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series, 14 of 23 patients had normal intercourse.?? 


Ejaculation is often present as well, despite the 
extensive reconstructive procedures that are done for 
these patients. The seminal emission may be slow and 
continue several hours after orgasm. Further, sperm 
quality and quantity are often impaired. This may be 
due to partial obstruction from surgery or epididymi- 
tis or recurrent UTIs. In the Johns Hopkins series, 
only 63% had antegrade ejaculation.!* However, suc- 
cessful pregnancies have been recorded.!”8 Fertility is 
unimpaired in female patients with exstrophy 
although prolapse occurs more commonly because of 
the lack of pelvic floor support structures. This can 
make bedrest necessary in the later stages of preg- 


nancy.?33 


Conclusions 


Whereas it was once deemed ‘impossible to restore 
the bladder (HJ Jewett, patient communication, 
1957) in patients with exstrophy, modern manage- 
ment can successfully preserve renal function, provide 
urinary continence, and maintain the health of chil- 
dren and adults with bladder and cloacal exstrophy. 
The progress made over the past few decades makes 
us optimistic in anticipating the future of therapy for 
these interesting and vital patients. 


This chapter is dedicated to the memory of Robert D 
Jeffs MD. 
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Unusual conditions of the bladder, 


62 


including bladder trauma, urachal 
anomalies, and bladder diverticula 


Marc Cendron 


Introduction 


Aside from the notable embryologic abnormalities of 
the bladder, which include bladder exstrophy and 
cloacal anomalies, anomalies of the bladder in chil- 
dren are relatively rare. In this chapter, a brief review 
of the embryology and function of the bladder is pre- 
sented followed by a review of bladder trauma, blad- 
der diverticula, urachal anomalies, and other bladder 
anomalies, including bladder agenesis and hypoplasia, 
bladder duplication and septation, megacystis, as well 
as tumors and inflammatory conditions of the bladder 
seen in children. 

The embryology of the bladder is a complex, three- 
dimensional process that lasts during fetal develop- 
ment from the formation of the cloaca (or primitive 
hindgut) to the elaboration of an anteriorly located 
muscular reservoir connected to the ureters posteri- 
orly and to the urethra inferiorly.! At about 28 days 
of gestation, the cloaca undergoes partitioning by 
ingrowth of the mesoderm from the point of conflu- 
ence between the allantois and the hindgut to form 
the urorectal septum, which separates the genitouri- 
nary tract from the gastrointestinal tract. The urogen- 
ital sinus thus formed divides by further ingrowth of 
the mesoderm to form the bladder precursor anteri- 
orly and superiorly during the 5th and 7th weeks of 
gestation. The bladder is connected to the allantois 
and to the mesonephric ducts. Growth of the anterior 
abdominal wall allows expansion of the bladder. The 
allantois, which later becomes the urachus, remains 
attached to the bladder dome and extends to the base 
of the umbilical cord. The lumen of the urachus oblit- 
erates early in human fetal development.” 

Structural organization of the bladder occurs at 16 
weeks of gestation with histologic appearance of 


urothelium by 20 weeks of gestation concomitant 
with organization of smooth muscle cells into three 
layers. Organization of the bladder, therefore, 
depends on the carefully orchestrated differentiation 
and growth of the mesodermal mesenchyme. 
Whereas the exact molecular events involved have not 
been clearly and precisely elucidated, functional orga- 
nization of the bladder has been well identified on a 
histologic basis. The bladder begins to provide stor- 
age and expulsion functions as the kidneys start to 
produce urine at 9-10 weeks of gestation. The mus- 
cular and urothelial units are submitted to sequential 
stretching and contraction as documented by prenatal 
ultrasonography.* Developmental alterations in the 
structural organization of the bladder may allow for 
anomalies such as bladder diverticula to occur. In this 
case, normal muscular organization of the para- 
ureteral area is altered to the extent that a muscular 
defect will occur, allowing for the urothelium to her- 
niate into the perivesical space. 

Bladder agenesis is seen in viable newborns exceed- 
ingly rarely — most of these female.*> The exact cause 
of bladder agenesis has not been determined. In gen- 
eral the gastrointestinal tract is intact, so there is 
normal division of the cloaca but atrophy or failure of 
the bladder to develop, resulting in the incorporation 
of the distal ureter into the urethra, vestibule, or Gart- 
ner’s duct in the female and in the prostatic urethra in 
the male. The ureters may display distal obstruction 
due to their ectopic location, causing upper urinary 
tract dilatation, and may be associated with poorly 
functioning, dysplastic kidneys. Outcome for these 
patients depends on their renal function. Most infants 
born with bladder agenesis are stillborn, but survivors 
are usually females.” Initial urinary diversion fol- 
lowed by major reconstruction of the lower urinary 
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tract may be required should renal and pulmonary 
function be sufficient for survival. Other congenital 
anomalies are frequently seen in association with 
bladder agenesis.” 

Under- or overfilling of the bladder with urine early 
in development may cause either underdevelopment 
of the bladder (hypoplasia), or overstretching (mega- 
cystis). Bladder hypoplasia occurs in disorders in 
which either low urine output causes the bladder not 
to cycle (for instance bilateral renal agenesis or severe 
bilateral renal dysplasia), low outlet resistance as in 
epispadias with incontinence, or if the bladder is 
bypassed altogether (bilateral ureteral ectopia). Chil- 
dren who have undergone bilateral nephrectomies 
may also experience acquired hypoplasia of the 
bladder, which is generally reversible with resumed 
bladder cycling. A pretransplant voiding cysto- 
urethrogram (VCUG) will show small bladder capac- 
ity and very often filling of the bladder will be 
associated with benign, self-limited extravasation of 
contrast!’ (Figure 62.1). 

Congenital megacystis, or enlarged bladder, can be 
seen in association with refluxing, massively dilated 
ureters, known as megacystitis-megaureter syn- 
drome" (Figure 62.2). The dynamics of the dilated 
bladder and refluxing urine cause a constant cycling 
or yo-yo effect between upper and lower urinary tract. 
Prenatal diagnosis of this rare condition has been 
reported.!? Congenital enlargement of the bladder is 


Figure 62.1 Bladder hypoplasia in patient with chronic 
renal failure. Urine extravasation is noted after partial 
bladder emptying. 


Figure 62.2 Voiding cystourethrogram of a patient 
with megacystis-megaureter syndrome. Note the mas- 
sive elongation and distention of the bladder with 
dilatation of the ureters associated with vesicoureteral 
reflux. 


reported in microcolon-intestinal hypoperistalsis syn- 
drome, Ehlers—Danlos syndrome, or secondary to 
bladder outlet obstruction.!#-!4 Initial management of 
patients diagnosed with megacystis is directed 
towards improving bladder emptying using clean 
intermittent catheterization and antibiotic prophy- 
laxis in order to prevent infections. Surgical treatment 
of the vesicoureteral reflux should, in general, be 
delayed until 6 months of life. Reimplantation of the 
ureters may be helpful in improving bladder dynam- 
ics and emptying of the upper urinary tract, but 
reduction cystoplasty is not recommended. 

Bladder duplication and septation are also rare. In 
complete duplication, two functional bladders are 
found and are felt to possibly be the result of partial 
twinning. !® Various types of bladder duplication and 
septation have been described (Figure 62.3).!6 In 
90% of bladder duplications, two separate urethras 
are found. In males, duplication of the penis and in 
female duplications of the vagina and uterus are usu- 
ally present. Management of this condition is aimed at 
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Figure 62.3 Various forms of bladder duplications and 
septations: (a) complete duplication; (b) incomplete 
duplication, (c) complete sagittal septum, (d) incom- 
plete sagittal septum, (e) complete frontal septum, (f) 
incomplete frontal septum, (g) hourglass bladder, and 
(h) multiseptated bladder. (Reproduced from Friedland 
et al,’© with permission.) 


maintaining normal lower urinary tract function and 
is tailored to the individual situation. 


Bladder trauma in children 


Given its location early in development, the bladder is 
an intra-abdominal organ until 4-5 years of age, at 
which point, with somatic growth, the bladder 
becomes a pelvic organ. Trauma to the bladder is a 
rare occurrence in children. It is usually associated 
with blunt trauma to a full bladder.!” As in adults, the 
most common causes of blunt trauma to the bladder 
are motor vehicle accidents, falls, and sport injuries.1® 
Unlike adults, however, bladder injuries in children 
are more likely to occur in the absence of pelvic frac- 


Table 62.1 Categories of bladder trauma in children 


Type 1 Bladder contusion 
Type 2 Intraperitoneal rupture 
Type 3 Interstitial bladder rupture 
Type 4 Extraperitoneal rupture: 
(a) simple 
(b) complex 
Type 5 Combined bladder injury 


ture, because the bladder extends above the pelvic 
ring in children.!? A classification of bladder injuries 
has been published by Sandler et al?° (Table 62.1). 

Bladder contusion involves damage to the bladder 
muscle and mucosa without disruption of the 
integrity of the bladder. In general, bladder contusion 
presents with gross hematuria. Imaging either by 
ultrasound or computed tomography (CT) scan will 
reveal a thickened, irregular bladder wall (Figure 
62.4). Bladder contusion is present in one-third of all 
bladder injuries. Treatment of bladder contusion is 
usually expectant or with catheter drainage. 

Rupture of the bladder can be classified as either 
intraperitoneal or extraperitoneal, depending on the 
site and mechanism of injury. Treatment is specific to 
the diagnosis and anatomy of the injury. 

Intraperitoneal rupture is seen more commonly in 
children because of the anatomic location of the blad- 
der. The mechanism of injury involves blunt trauma 
to the bladder, with an abrupt rise in intravesical 


Figure 62.4 CT scan of a patient showing contrast 
extravasation in the pelvis after extraperitoneal bladder 
rupture due to blunt trauma. 
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pressure causing disruption of the bladder wall at the 
level of the dome, the weakest portion of the bladder 
wall. In general, urine will extravasate into the peri- 
toneal cavity owing to disruption of the peritoneal 
lining of the bladder. Extravasation of the urine into 
the abdominal cavity causes urinary ascites, peritoneal 
signs and, in the majority of cases, abnormal serum 
chemistries.?! This helps to distinguish patients with 
extraperitoneal rupture, who, in general, display 
normal serum chemistries. Patients presenting early 
with intraperitoneal bladder rupture display increased 
serum creatinine and potassium, whereas those pre- 
senting later exhibit increased serum levels of blood 
urea nitrogen, creatinine, and potassium, and lower 
levels of serum sodium. Acidosis is also occasionally 
observed. 

Standard imaging techniques in patients suspected 
of having a bladder injury should include a CT scan of 
the abdomen and pelvis.?2 If this modality is not 
available, a VCUG should be obtained.”* The diag- 
nosis of a bladder rupture can be difficult and it must 
be accomplished with retrograde filling of the bladder 
through a urethral catheter. The contrast material 
should be instilled by gravity until the bladder is fully 
distended and postdrainage images must also be 
obtained. Retrograde bladder filling should be carried 
out during CT scan imaging because simple adminis- 
tration of intravenous contrast may not allow full 
bladder distention.2+ 

Imaging of intraperitoneal bladder rupture by 
either CT scan or cystography will demonstrate out- 
lining of the large and small bowel loops by contrast 
material and evidence of dilute contrast extending 
from the pelvis up into the abdominal cavity, usually 
along the paracolic gutter (Figure 62.5). Unless the 
bladder is well filled and then emptied completely, 
evidence of contrast material extravasation may be 
easily overlooked. Careful instillation (by gravity) of 
contrast material during the cystogram and then emp- 
tying will reveal diffuse extravasation of the contrast 
in the abdominal cavity with extension on the poste- 
rior aspect in the supine patient. Forceful injection of 
contrast into the bladder is contraindicated. 

Extraperitoneal bladder rupture occurs in cases of 
blunt pelvic trauma usually associated with a pelvic 
fracture. Various mechanisms of injury have been 
described, and the lower half of the bladder is usually 
involved.2° Sandler et al described four types of blad- 
der injury due to blunt trauma and divided extraperi- 
toneal rupture into simple and complex.?° This 
classification is based on the appearance of contrast 
extravasation during the cystogram. A simple 


Figure 62.5 CT scan of patient with extravesical blad- 
der rupture showing contrast extravasation extending 
into the abdomen along the paracolic gutters. 


extraperitoneal rupture will display contrast material 
extravasation limited to the pelvic extraperitoneal 
space. Complex extraperitoneal extravasation will 
show contrast material outlining the muscle groups in 
the thigh and diffusely throughout the pelvis. It may 
extend into the scrotum and into the perineum. Bony 
spicules, which can be the result of a fractured pelvis, 
may also contribute to the mechanism of injury. It is 
important to carefully assess the bladder and the sur- 
rounding structures for fragments of bone that may 
contribute to further laceration of the bladder if left in 
place. A CT scan is the best modality for picking up 
bone fragments. 

Management of bladder injuries is dependent on 
the type of injury diagnosed. In general, bladder con- 
tusion is treated with catheter drainage alone while 
gross hematuria is present. In general, the catheter 
can be removed once the urine has cleared and there 
is no evidence of passage of blood clots. Reimaging of 
the bladder is not necessary, although a pelvic ultra- 
sound can be used to ascertain resolution of the intra- 
mural hematoma, and rule out any extravesical 
collections. 

Standard management of intraperitoneal bladder 
rupture is open surgical exploration with repair of the 
bladder defect. This is usually carried out on an emer- 
gent or urgent basis, with concomitant exploration 
and irrigation of the peritoneal cavity. Once the blad- 
der injury has been repaired, bladder drainage is 
accomplished by either suprapubic tube or a urethral 
catheter.2° Urethral catheters appear to be as effective 
in draining the bladder as suprapubic catheters and 
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will usually ensure a shorter period of diversion.2” 


Prior to removal of the drainage catheter, a cystogram 
should be carried out to ensure that the integrity of 
the bladder has been restored. 

Simple extraperitoneal bladder ruptures can be 
treated non-operatively with urethral 
drainage for 7-10 days. However, if a patient has 
experienced more complicated injuries involving the 
pelvis, with presence of bony spicules or fragments 
within the bladder, then surgical exploration can be 
considered to remove the fragments of bone and carry 
out bladder repair and drainage. Again, a follow-up 
cystogram is warranted to ensure that bladder healing 
has occurred and that there is no evidence of persis- 
tent extravasation. There are, in general, no long-term 
consequences of bladder injury or rupture in simple 
case.28 However, in the more complicated cases 
involving pelvic fracture and multiorgan injuries, pos- 
sibly involving a urethral disruption, the complication 
rate rises significantly. 


catheter 


Bladder diverticula 


The first series of bladder diverticula in children was 
published by MacKellar and Stephens in 1960.?? The 
advent of cystography had allowed the evaluation of 
children who presented with urinary tract infections. 
A number of these patients were found to have 
smooth bladder and what was then described as sac- 
cules at the ureterovesical junction. Saccules had been 
previously reported in trabeculated bladders sec- 
ondary to bladder outlet obstruction in adults. Dou- 
glas Stephens, and subsequently John Hutch, 
proposed that there would be two possible etiologies 
to a bladder saccules or diverticula; (1) secondary to 
bladder outlet obstruction and (2) those that may be 
congenital and seen in association with a smooth 
bladder wall.2° Classification of bladder diverticula in 
children can therefore be based on their etiology: 


1 Bladder diverticula associated with bladder outlet 
obstruction, including posterior urethral valve, 
urethral strictures, large ureterocele, and neuro- 
genic dysfunction. 

2 Bladder diverticula occurring after bladder surgery, 
specifically after ureteral reimplantation when the 
hiatus is not reinforced, causing a weakening of the 
paraureteral detrusor layer. 

3 Bladder diverticula associated with specific syn- 
dromes, such as prune belly syndrome, Menkes 
syndrome, Williams syndrome, and Ehlers—Danlos 
syndrome. 


4 Bladder diverticula felt to be primary, congenital, 
or idiopathic diverticula with or without vesi- 
coureteral reflux.3132 


Bladder diverticula in children may be single or mul- 
tiple. They may be found in up to 1.7% of children 
evaluated by cystogram.#! 

A bladder diverticulum represents a herniation of the 
bladder mucosa between fibers of the detrusor muscle, 
resulting in an outpouching into the perivesical space. 
The exact etiology of congenital bladder diverticula is 
not known but is thought to represent an intrinsic 
weakness in the muscle wall of the bladder. They are 
most commonly seen adjacent to the ureteral orifice, as 
described by John Hutch in 1961.%° This chapter con- 
fines its discussion to congenital bladder diverticula and 
diverticula associated with various congenital syn- 
dromes, and not diverticula associated with bladder 
outlet obstruction and neurogenic bladder. Congenital 
syndromes in which bladder diverticula are seen 
include Menkes syndrome, or kinky hair syndrome, a 
connective tissue disorder characterized by increases in 
tissue levels of copper and metallothionine,** and 
Ehlers—Danlos syndrome, which is characterized by 
joint hypermobility, skin extensibility, and tissue 
fragility. Ehlers—Danlos syndrome is usually inherited 
as an autosomal dominant condition.** Another condi- 
tion associated with multiple bladder diverticula is cutis 
laxa, a syndrome characterized by decreased or absent 
elastic tissue. Finally, Williams syndrome is a disorder 
characterized by mental retardation, growth abnormal- 
ities, facial anomalies, and aortic stenosis.*> Williams 
syndrome is associated with a gene deletion, possibly 
on chromosome 7, a gene that has a role in elastin 
biosynthesis. Patients with Williams syndrome have 
also been found to have a higher rate of renal abnor- 
malities, suggesting the need for screening of the upper 
urinary tract by ultrasound.*° 

Bladder diverticula associated with chromosomal 
abnormalities are usually multiple and may cause 
bladder dysfunction. The patient has the ability to 
store urine but is unable to completely empty the 
bladder. Urinary stasis, with resultant urinary tract 
infections, may be the only manifestation of the blad- 
der diverticula (Figure 62.6). Frequent, complete 
bladder emptying, potentially using clean intermittent 
catheterization, will help prevent stasis and possibly 
infection. Surgical excision of bladder diverticula in 
patients with chromosomal abnormalities must be 
carried out with caution since the diverticula are mul- 
tiple and may recur once surgical excision of a small 
number of them has been carried out. 
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Figure 62.6 Cystogram of a 6-year-old patient who 
presents with recurrent urinary tract infection and 
incontinence. A large bladder diverticulum is seen on 
the right side of the bladder. 


Congenital bladder diverticula present, in general, 
in the course of the evaluation for urinary tract infec- 
tion when a cystogram is carried out. Equal male to 
female distribution is noted. Bladder diverticula are 
usually asymptomatic, but bladder obstruction or 
ureterovesical junction obstruction symptoms have 
been reported.3%38 Bladder outlet obstruction may be 
caused by an enlarging bladder diverticulum that 
extends inferiorly to compress the bladder neck or 
proximal urethra. Depending on the size and the 
extent of the diverticulum, the ureteral orifice may be 
incorporated in the diverticulum (Figure 62.7). This, 
in effect, will distort the normal ureterovesical junc- 
tion and will prevent the ureter from having a normal 
intramural tunnel, thus altering the normal antireflux 
mechanism; therefore, vesicoureteral reflux may 
occur, although this diagnosis is not always easy to 
make.*? Vesicoureteral reflux is associated with blad- 
der diverticula in 5-100% of cases.49 In addition to 
reflux, bladder diverticula may also be associated with 
distal ureteral obstruction in up to 5% of cases.*! 

More often than not, bladder diverticula are diag- 
nosed incidentally during radiologic evaluation for a 
urinary tract infection. The relationship between uri- 
nary tract infection and bladder diverticula is unclear. 


Figure 62.7 Cystogram of a bladder diverticulum asso- 
ciated with vesicoureteral reflux. Note, contrast in 
ureter, which inserts into the diverticulum. 


It has been postulated that large bladder diverticula 
may predispose to urinary stasis, which, in turn, will 
provide a nidus for bacterial growth.42-43 

Urinary tract infection in children with abnormal 
voiding patterns warrants close evaluation by ultra- 
sound of the bladder and kidneys and a VCUG. These 
children may be found to have detrusor—sphincter 
dyssynergia, hyperreflexia, or hypertonia. Specifically, 
patients with Hinman—Allen syndrome have been 
reported to have associated periureteral diverticula.4+ 
A VCUG is the usual diagnostic modality that allows 
bladder diverticula to be found; however, bladder 
diverticula can also be noted on bladder ultrasound 
and CT scan of the pelvis. An intravenous urogram 
(IVU) will usually not facilitate the detection of blad- 
der diverticula because the bladder will overlie the 
diverticulum and the diverticulum may be filled with 
urine, which will dilute the contrast material. Larger 
diverticula can also be confused with other bladder 
lesions such as urachal cysts, bladder ears seen in very 
young children, bladder herniation, ectopic ureteral 
insertion at the bladder neck, bladder duplication, 
everting ureteroceles, and ureteral stump resulting 
from excision of the upper part of the ureter and 
kidney (Table 62.2). 

The relationship between bladder diverticula and 
voiding dysfunction has not been thoroughly clari- 
fied. Very few studies have used urodynamic evalua- 
tion to assess bladder physiology in the face of 
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Table 62.2 Differential diagnosis of bladder 
outpouching in the pediatric age group 


Urachal cyst (dome of bladder) 

Bladder ears (seen in young babies) 

Bladder herniation (seen in large inguinal hernias) 
Ectopic ureteral insertion (usually at or around 
the bladder neck) 

Bladder duplication 

Everting ureterocele 

Refluxing ureteral stump 


bladder diverticulum. Interestingly enough, Douglas 
Stephens, as early as 1960, attempted to evaluate 
bladder pressures in four patients of his series of 23 
patients with bladder diverticula.2? The main issue 
shrouding the urodynamic assessment of bladders 
associated with bladder diverticula is the fact that 
pressure recordings are difficult to interpret given the 
compliant nature of the bladder diverticulum. Thus, a 
cystometrogram may be notoriously unreliable. 
However, detrusor-sphincter dyssynergia, if present, 
may be diagnosed by performing a videourodynamic 
study. 

The upper urinary tract may also be abnormal in 
the face of a bladder diverticulum. As noted, there is 
a variable rate of vesicoureteral reflux associated with 
bladder diverticulum. In addition to vesicoureteral 
reflux, 16-30% of patients with a bladder diverticula 
have renal abnormalities.4546 These range from focal 
dysplasia to multicystic dysplastic kidney. Renal 
lesions have also been reported in patients with vesi- 
coureteral reflux and a history of febrile urinary tract 
infection. Upper tract dilatation may also be observed 
in cases where the bladder diverticulum causes 
obstruction by extrinsic compression of the distal 
ureter.3” An early report from France documented 
seven of 43 cases of patients with bladder diverticula 
having evidence of renal dysplasia or multicystic dys- 
plastic findings.4° In a later study by Tokunaka et al 
out of Japan, 17 patients were evaluated, 13 of whom 
showed dilatation of the upper collecting system asso- 
ciated with renal scarring and four had small non- 
functioning kidneys.4¢ The authors correlated the 
severity of the renal abnormalities with the position of 
the ureteral orifice in relationship to the diverticulum, 
and postulated that abnormalities in ureteral bud for- 
mation may have impacted on normal nephrogenesis. 
When the ureter inserted directly into the diverticu- 
lum, the likelihood of cystic dysplastic changes in the 
kidney increased. In light of the fact that a significant 
number of patients with bladder diverticula have 


upper tract changes, further functional evaluation of 
the kidney may be warranted in the form of a dimer- 
captosuccinic acid (DMSA) renal scan. 

The management of patients with congenital blad- 
der diverticula depends on the presentation and 
symptoms. As noted, most patients present with uri- 
nary tract infection. Evaluation and treatment of any 
bladder dysfunction should be considered prior to any 
attempts to treat the diverticulum surgically. It should 
be noted that some children with small bladder diver- 
ticula and lower grades of reflux may outgrow the 
reflux and have the diverticulum disappear.*° Indica- 
tion for surgical treatment of bladder diverticulum is 
dictated by the presence of persistent high-grade vesi- 
coureteral reflux, and/or recurrent urinary tract infec- 
tions, or documented obstruction of either the distal 
ureter or the bladder neck. In cases of functional blad- 
der outlet obstruction due to a very large diverticulum 
extending underneath the bladder neck, excision of 
the diverticulum is recommended. For patients with 
recurrent urinary tract infection and persistent vesi- 
coureteral reflux, diverticulectomy is recommended 
and should be accompanied by reimplantation of the 
ureter. 

The surgical approach can be either intravesical or 
extravesical. The key surgical principle is to reinforce 
the muscular hiatus of the bladder to prevent refor- 
mation of the bladder diverticulum. Should the upper 
tract evaluation reveal a non-functioning kidney, con- 
sideration should be given to nephroureterectomy 
with diverticulectomy. Extravesical approaches and 
laparoscopic techniques can be used in these 
cases. 47:48 


Urachal anomalies 


The urachus is an embryologic remnant derived from 
both the allantois and a part of the bladder.?? Early in 
fetal development, the bladder descends toward the 
pelvis, retaining its attachment to the umbilicus 
through the urachus. The urachus has a lumen early 
in gestation that spontaneously closes, but may remain 
patent in cases of bladder outlet obstruction such as 
posterior urethral valves.°° However, in humans, the 
urachus appears to close very early in gestation and 
rarely remains patent. Closure of the urachus is thought 
to occur between the 4th and the 5th months of ges- 
tation by progressive accumulation of desquamated 
epithelium within the lumen. Anatomically, the ura- 
chus is identified between the umbilicus and the dome 
of the bladder. It is 3-10 cm in length and 8-10 mm 
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in diameter. It is surrounded by the umbilical sheath, 
which extends on either side to the umbilical arteries 
and down to the bladder dome. The urachus is com- 
posed of three histologic layers, and a central lumen is 
usually hard to identify. Congenital anomalies of the 
urachus result from abnormal involution of the ura- 
chus; they are rare and are usually asymptomatic until 
adulthood. Typical presenting symptoms in children 
are periumbilical discharge (42%), umbilical mass 
(30%), abdominal or periumbilical pain (22%), and 
rarely dysuria (2%).5! In another series of 26 patients, 
McCollum et al found that 11 patients (42%) pre- 


sented with infection, seven patients (21%) with clear 
drainage from the umbilicus and three patients (12%) 
with polypoid granulation of the umbilicus, three 
patients (12%) with pain, one patient (4%) with recur- 
rent urinary tract infections, and one patient (4%) with 
an asymptomatic sinus.5? 

Urachal anomalies can be divided into urachal sinus, 
urachal cyst, patent urachus, and vesicourachal diver- 
ticulum (Figure 62.8). They are isolated defects and 
are not associated with specific syndromes or condi- 
tions, with the exception of bladder outlet obstruction 
(rare) or prune belly syndrome.** Diagnosis of urachal 


Figure 62.8 Congenital urachal anomalies: (a) patent urachus, (b) urachal cyst, (c) urachal sinus, and (d) vesico- 
urachal diverticulum. (Reproduced from Schnyder and Candardjis,°? with permission.) 
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anomalies is made either by careful physical examina- 
tion or by radiographic evaluation. Children with a 
draining umbilicus should undergo an injection of the 
draining sinus with contrast.” Alternatively, a cys- 
togram may reveal a patent urachus. A child present- 
ing with a periumbilical mass should be evaluated with 
ultrasonography or alternatively with a CT scan.°° 

A urachal sinus occurs when the lumen of the ura- 
chus fails to completely obliterate. Children will pre- 
sent with intermittent or persistent drainage from the 
umbilicus. Occasionally, granulation tissue can be 
seen at the site of the lumen. A urachal sinus can 
become infected and inflamed, causing lower abdom- 
inal pain with fever. Very occasionally, patients will 
present with lower abdominal pain occurring at the 
end of voiding. This is due to tension on the inflamed 
urachal remnant. Dimpling of the umbilicus may also 
be reported. A sinogram is the diagnostic test of 
choice in this situation. Complete surgical excision of 
the sinus tract and resection of the omphalomesen- 
teric duct remnant should be carried out. If an inflam- 
matory process has been present, injury to the 
intraperitoneal structures is more likely as adhesions 
may have formed around the urachal remnant.°” 

Urachal cysts are quite rare clinically, but have been 
reported in up to 1 in 5000 in autopsy series.°* They 
are usually found in the distal third of the urachus. 
Urachal cysts will present during late childhood and 
early adulthood, either as an asymptomatic suprapu- 
bic mass or with suprapubic pain and/or irritative 
voiding symptoms. Bacterial colonization and infec- 
tion (usually caused by Staphylococcus aureus) can 
occur.5®60 The infection is usually confined to the 
space of Retzius, but rupture of the infected cyst may 
cause peritoneal contamination and bowel involve- 
ment.°!% Severe sepsis associated with a urachal 
abscess has also been reported.° 

The diagnosis of a urachal cyst is achieved either by 
ultrasound or CT scan. Ultrasonography allows for 
accurate delineation of the cystic structure and its 
position relative to the bladder and the peritoneum.*° 
A CT scan may be helpful in cases of infected urachal 
cyst to determine the extent of the cyst and inflam- 
matory process, which may be quite large and involve 
adjacent structures such as bowel® (Figure 62.9). 
Bladder involvement can also occur and be better 
defined by voiding cystourethrogram or cystoscopy. 

Treatment of urachal cysts is usually tailored to the 
presentation. Small asymptomatic cysts may be 
observed. Symptomatic cysts may be excised either by 
open or laparoscopic techniques.® Infected cysts 
should be treated with a staged approach: first, inci- 


Figure 62.9 A CT scan of a patient with a pyourachus. 
Note the large inhomogeneous area anterior to the 
bladder, corresponding to the abscessed urachal cyst. 
The patient underwent percutaneous drainage and 
subsequent excision of the urachal cyst. 


sion and drainage with antibiotic coverage, followed 
by surgical excision once the inflammatory process 
has subsided, as documented by follow-up imaging. 
Patent urachus is a rare anomaly due to failure of 
obliteration of the lumen of the urachus. Such a situ- 
ation may be seen in prune belly syndrome and rarely 
in posterior urethral valves. A patent urachus may be 
identified incidentally in the newborn when clear 
drainage is noted from the umbilicus. Symptoms can 
include intermittent drainage and periumbilical 
swelling in association with an umbilical hernia. 
Granulation tissue may be seen and can mimic other 
umbilical lesions such as healing umbilical stump, 
patent vitelline or omphalomesenteric duct, and 
infected umbilical vessel. Diagnosis of patent urachus 
can be made by collecting fluid and analyzing it for 
creatinine. Injection of the lumen with contrast or 
voiding cystogram will cement the diagnosis. The fis- 
tulous tract should be seen extending from the dome 
of the bladder to the umbilicus (Figure 62.10). 
Management of a patent urachus can be expectant 
as a number of children will experience spontaneous 
closure in the first month of life.67 In children with 
bladder outlet obstruction, treatment of the obstruc- 
tive process will, in general, allow for spontaneous 
closure. Excision of the urachal tract is reserved for 
those patients in whom drainage persists. Surgical 
removal of a bladder cuff is usually recommended to 
ensure that all remnants of the urachus are removed. 


1056 Clinical pediatric urology 


Figure 62.10 Patent urachus in a 3-month-old boy who 
presented with persistent clear drainage from his 
umbilicus. Note the small lead ball placed at the umbil- 
ical site of drainage to help with three-dimensional 
localization. Contrast extends from the dome of the 
bladder to the base of the umbilicus, with the feeding 
tube in the urachus. 


Vesicourachal diverticula are usually found inciden- 
tally on VCUG. Failure of closure of the lumen at the 
level of the bladder dome allows for the formation of 
a fusiform outpouching (see Figure 62.8). In general, 
these lesions are of little or no clinical significance. 
Surgical excision is required if the diverticulum does 
not drain well or is symptomatic. 

Urachal anomalies are known to be associated with 
malignant degeneration in the adult population usu- 
ally in the form of urachal carcinoma (adenocarci- 
noma). Other forms of malignancy have also been 
reported, such as transitional cell carcinoma, neurob- 
lastoma, rhabdomyosarcoma, teratoma, and yolk cell 
sarcoma.°8.6? Whereas malignant degeneration is rare 
and accounts for 0.34% of all bladder cancers, man- 
agement of urachal anomalies may be skewed toward 
surgical excision. Observation in children is certainly 
reasonable, using yearly ultrasound as a monitoring 
technique. However, parents and patients should be 
educated as to the malignant potential of these 
lesions. Yearly re-evaluation is recommended. 


Inflammatory conditions of the bladder 
in children 


Inflammatory conditions of the bladder include 
eosinophilic cystitis and interstitial cystitis (IC). 


Fewer than 25 cases of eosinophilic cystitis have been 
reported in children.”? Eosinophilic cystitis may be 
diffuse or localized and present as an intravesical 
mass. Symptomatology will usually be irritative void- 
ing symptoms with frequency/urgency, suprapubic 
pain, and hematuria. Ultrasound imaging of the blad- 
der may reveal diffuse thickening of the bladder, and 
the diagnosis will be made by cystoscopy and biopsy 
of the lesion. The disorder is felt to be caused by an 
antigenic stimulus (infection, foreign body) that trig- 
gers an immunoglobulin E  (IgE)-mediated 
eosinophilic invasion of the bladder wall. Degranula- 
tion of the eosinophils then promotes release of 
inflammatory mediators. The process is felt to be self- 
limited, with little or no consequences on the lower 
urinary tract.”! Various therapeutic modalities have 
been reported to alleviate symptoms. These modali- 
ties include antibiotics, antihistamines, corticos- 
teroids, cyclosporin A, surgical resection of the lesion, 
and even partial cystectomy.”? The condition is occa- 
sionally seen in association with chronic granuloma- 
tous disease.72 

Myofibroblastic tumor of the bladder is another 
rare inflammatory condition seen in children. Symp- 
toms are similar to that of eosinophilic cystitis. A dis- 
tinct mass is seen on ultrasound, and histologically 
these lesions are characterized by spindle cells with 
myofibroblastic and fibroblastic proliferation associ- 
ated with a prominent inflammatory process. ”2 Etiol- 
ogy of this condition has not been elucidated. The 
lesions may be fairly aggressive and may reoccur. 
Transurethral resection may be curative but large 
tumors may require more extensive open resection. 
These tumors are benign but should be differentiated 
from sarcomas or lymphomas. Immunohistochemical 
staining is the best way to evaluate these lesions.”2 As 
noted previously, eosinophilic cystitis may also pre- 
sent as a discreet mass, but histologically the lesion 
appears less invasive than myofibroblastic tumors. 

IC has been reported in children and in adoles- 
cents.”+7° However, its incidence is hard to ascertain, 
as it is a difficult diagnosis to make and thus may go 
under-reported. Held at al note that adult women 
with IC are 10-12 times more likely to report child- 
hood bladder problems than a group of matched con- 
trol individuals.” In the face of irritative voiding 
symptoms associated with painful bladder, cysto- 
scopic findings and histology are needed to make the 
diagnosis of IC in children and adolescents. In a rela- 
tively small cohort of patients, Close et al documented 
IC in 16 children under 16 years old.” All were 
treated by hydrodistention, and 50% of them 
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responded while the rest required further therapy. 
Bladder compliance was reduced in only three cases. 
IC should be considered as a possible diagnosis in 
children with severe irritative symptoms associated 
with painful bladder who do not respond to first-line 
therapy. However, the diagnosis of IC may be elu- 


sive.”° 
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Posterior urethral valves 


Stephen A Zderic and Douglas A Canning 


Background 


Hugh Hampton Young initially described posterior 
urethral valves and proposed the current classification 
scheme.! Dewan and colleagues argued for an alter- 
native to Young’s system and proposed the term con- 
genital posterior urethral membrane.” Regardless of 
the classification, it is clear that this anomaly presents 
with great variability.’ Posterior urethral valves occur 
in 1 in 5000 live births, which would mean that some 
400-500 new cases occur in the United States every 
year. Although this might seem to be a small number 
of cases, one must consider that within this cohort of 
patients, approximately 150 will develop end-stage 
renal disease (ESRD) and require either dialysis or 
transplantation within their first 18 years. Given 
today’s advances in dialysis and transplantation, and 
life expectancies that will approach 70-80 years, this 
small number of patients places a substantial financial 
burden upon the healthcare system. Clearly, anything 
that can be done to lower the incidence of ESRD in 
this population will have a substantial societal impact, 
in addition to a profound effect upon the lifestyle of 
the boy and his family. 


Embryology and classification 


In Young’s original classification, type 1 posterior 
urethral valves begin as leaflets that originate at the 
distal aspect of the verumontanum and then fan out 
to fuse in the midline just proximal to the external 
striated sphincter. Type 1 valves are a hypertrophied 
variant of the inferior urethral crest, which is formed 
by the insertion of the distal ends of the wolffian ducts 
into the anterolateral walls of the cloaca.* Stephens 
believes that the remnants of the normal urethral crest 
are visible as non-obstructing ridges that sweep 
inwards from the lateral walls of the prostatic urethra 
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and converge in the midline at the verumontanum 
(Figure 63.1). Cranial to this fusion at the verumon- 
tanum, the wolffian ducts and associated ureteral buds 
are absorbed into the bladder neck and trigone. How- 
ever, if the wolffian ducts should insert into the ante- 
rior wall of the cloaca, these folds would become 
more prominent with a propensity to fuse in the mid- 
line. Depending upon the degree to which this 
occurs, the valve leaflets will then become obstructive 
in nature. Type 1 valves account for 90-95% of all 
cases. Type 2 valves in Young’s original classification 
are not obstructing, and reflect mucosal folds extend- 
ing from the verumontanum superiorly to the bladder 
neck. 

Type 3 valves represent a circumferential annulus 
that resembles a stricture. These account for 5-10% 
of all cases of posterior urethral valves. Their embry- 
ologic origin is different and probably arises from a 
persisting urogenital membrane.* The urogenital 
membrane is the anterior portion of the cloacal mem- 
brane that the urorectal septum divides. 

The exact embryologic origins of posterior urethral 
valves remain unclear, and await further study with 
modern molecular techniques being applied to fetal 
and neonatal postmortem specimens." Although 
numerous knockout mice have been described with 
abnormalities of ureteral budding, none developed 
posterior urethral valves. Thus far, the only models of 
posterior urethral valves involve the surgical creation 
of partial or complete fetal bladder outlet obstruction 
in several species. 


The spectrum and consequences of 
posterior urethral valves 


Mild cases of posterior urethral valves may remain 
asymptomatic until adolescence or even adulthood. 
Severe cases usually present in utero with abnormal 
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Figure 63.1 The consequences of severe type 1 posterior urethral valves. (a) Severe bladder wall thickening was 
associated with bilateral reflux in this postmortem retrograde study performed ex vivo. (b) The hallmark of type 1 
valves is the origin of the cusps at the verumontanum, which fan out laterally and fuse in the midline. (c) Associated 
with this is severe cystic dysplasia. (d) Because of the oligohydramnios in utero, severe pulmonary hypoplasia 
developed in the neonatal period and was the cause of death. ((a-c) Courtesy of Dale Huff MD and Christopher 


Austin MD.) 


fetal sonography. Alternatively, they may present in 
the neonatal unit with a palpable bladder and urinary 
retention. In the most severe cases, as shown in 
Figure 63.1, the bladder outlet obstruction from the 
valve results in severe hydroureteronephrosis and 
cystic dysplasia within the kidney. In these boys, pul- 
monary hypoplasia may commonly lead to neonatal 
death. However, the primary pathophysiology begins 
with the onset of partial bladder outlet obstruction. 


Pathophysiology of bladder outlet 
obstruction 


The varied spectrum of outcomes noted in boys born 
with posterior urethral valves may represent differ- 
ences among patients in the degree of obstruction, the 
timing of the obstruction, and underlying genotypic 
risk factors. To better understand these diverse out- 
comes, a brief discussion of the pathophysiology of 
bladder outlet obstruction is important. In a simpli- 
fied scheme, partial bladder outlet obstruction begins 
with the onset of bladder wall hypertrophy that 
enables the bladder to adapt to its new workload. 
During this compensated phase, the bladder is capa- 
ble of generating a high voiding pressure, and may 
empty nearly completely. Over time, however, these 


compensatory mechanisms fail to keep pace with the 
demands, and the volume of the postvoid residuals 
begins to increase. The rising storage pressures within 
the bladder are transmitted to the renal pelvis, calices, 
and ultimately to the glomerulus, resulting in renal 
damage. The pathophysiology of this process is com- 
plex and incompletely understood. It is, however, 
clinically important, given that long-term bladder 
dysfunction may plague these patients in their daily 


lives despite successful valve ablation. 


Effects on bladder function 


The impact of partial outlet obstruction on subse- 
quent bladder function has been the subject of ample 
investigation. A review of the literature reveals a 
myriad of studies using human tissues taken at the 
time of surgery as well as a large number of fetal and 
adult animal models. In this brief overview, we hope 
to summarize the steps that lead to bladder dysfunc- 
tion in the face of partial outlet obstruction. There is 
evidence to support the following tenets: the presence 
of partial outlet obstruction leads to an increase in 
smooth muscle size (hypertrophy) and an increase in 
the deposition of extracellular matrix. The pathophys- 
iologic changes in the bladder wall lead to an alter- 
ation in blood flow to the detrusor that ultimately 
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Figure 63.2 Mitchell's schematic concept of how par- 
tial outlet obstruction affects the bladder cycle and, 
over time, alters the bladder. 


results in ischemia, a shift to anaerobic metabolism, 
and damage to the nerves within the bladder wall. 

If one characterizes disorders of voiding into fail- 
ures of bladder storage or bladder emptying, one can 
understand how partial bladder outlet obstruction 
interrupts this cycle. Mitchell summarized this con- 
cept nicely in a diagram (Figure 63.2) which illus- 
trates that mild hypertrophy follows outlet 
obstruction; this results in higher voiding pressures 
that initially preserve near-complete bladder empty- 
ing. However, as this filling and emptying cycle 
repeats, further remodeling of the bladder wall 
occurs, and gradually the postvoid residual begins to 
increase. In the developing fetus with posterior ure- 
thral valves, the rise in urine output that accompanies 
normal growth and development further stresses this 
system. Ultimately, the bladders ability to adapt 
cannot keep pace with the functional demands, and 
the detrusor decompensates. In this setting, the blad- 
der continues to produce elevated voiding pressures, 
but it does so inefficiently, at the expense of an ele- 
vated resting pressure before voiding, and a markedly 
increased postvoid residual. 

Researchers have wondered if the bladder has a 
functional reserve upon which additional demands 
may be imposed without penalty. Sullivan and Yalla 
offered evidence in favor of the detrusor functional 
reserve, which they defined as the peak isometric pres- 
sure (measured by balloon occlusion of the outlet) 
minus the peak voiding pressure. With mild obstruc- 
tion and a minimal postvoid residual, this number 
was always in excess of 40. However, as the detrusor 
reserve dropped, the postvoid residual began to rise. 
These studies were done in adults and for technical 


reasons have not been replicated in the fetus; but it is 
logical to assume that a similar concept would apply 
in the fetal setting. 

Experimental models of fetal partial bladder outlet 
obstruction have provided some insight into this 
pathophysiology.” Cystometry following partial 
outlet obstruction in the fetal sheep revealed a spec- 
trum of curves similar to that noted in other models. 
Kirsch et al noted a remarkable increase in bladder 
compliance (AV/AP) following partial outlet obstruc- 
tion. The more compliant bladders were associated 
with upper tract dilatation. Because Kirsch performed 
these cystometrograms in the operating room, he lig- 
ated the ureters, which means that these measures 
were a true reflection of bladder compliance. These 
data would suggest that as the bladder underwent 
decompensation, the upper urinary tract was placed at 
risk.? Using the fetal sheep model of partial outlet 
obstruction, several groups have described a large dis- 
tended bladder with poor contractile performance of 
selected muscle strips in vitro.101! Similar findings 
were noted in a rabbit model of fetal bladder outlet 
obstruction by Rohrmann et al,!?-!3 who performed 
in-vitro cystometry and noted an increased bladder 
capacity with low intravesical pressures. The common 
theme across all these models was the marked deposi- 
tion of extracellular matrix elements between the 
muscle bundles that is very similar to what is 
described in specimens from patients with posterior 
urethral valves.!4 

Researchers have tried to answer a list of funda- 
mental questions. First: What are the molecular path- 
ways that account for the less efficient bladder 
function seen following outlet obstruction? Under- 
standing these steps is critical if one tries to prevent 
damage to the bladder during the course of gestation 
using pharmacologic intervention. This approach is 
important in the fetus because surgical intervention 
for posterior urethral valves in the fetus has been 
shown to carry as high as a 50% fetal mortality rate.!5 
In order to realize this goal, we need to understand 
the molecular pathways that lead to the bladder dys- 
function in the face of partial outlet obstruction. A 
simplified scheme of this complex pathophysiology is 
suggested in Figure 63.3. 

Does the bladder respond to the rise in intralumi- 
nal pressure or to stretch? Numerous studies suggest 
that outlet obstruction and progressive stretch applied 
to the bladder wall are the key factors mediating these 
molecular changes. Park et al demonstrated this con- 
cept in a rat model of complete outlet obstruction in 


which the upper half of the bladder was constrained 
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Figure 63.3 A schematic representation of the pro- 
posed sequence of events that result in the bladder fol- 
lowing partial outlet obstruction. Initial changes take 
place that allow the bladder to compensate and gener- 
ate higher pressures with minimal increase in postvoid 
residual. However, over time, additional changes take 
place and the postvoid residual begins to rise, reaching 
the stage termed as decompensated. Although there is 
experimental evidence to support a role for each of 
these factors, the exact sequence of these events 
remains poorly understood. (Concept and figure devel- 
oped by DJ Bagli, DT Wilcoxon, B Kogan, and SA 
Zderic). 


within a tube that allowed it to ‘sense’ pressure, but 
prevented distention.!© Park et al noted changes in 
cyclooxygenase-2 (COX-2) expression only in those 
bladders that stretched and not in those segments in 
which the restricting collar inhibited stretch. Further- 
more, these changes in COX-2 expression were reca- 
pitulated in cultured cells subjected to mechanical 
deformation.!” With an in-vitro rat whole bladder 
model subjected to distention, Bagli and coworkers 
showed an increase in mRNA expression for collagen 
type I and II as well as an increase in integrin expres- 
sion.!8 Using human bladder smooth muscle cells 
subjected to mechanical stretch in vitro, Adam et al 
showed changes in expression of some 20 genes (out 
of almost 12 000 analyzed) using microarray technol- 
ogy.!9 

Is partial outlet obstruction associated with bladder 
wall hypoxia? There is increasing evidence to suggest 
that with overdistention, the perfusion of the detrusor 
is diminished. Using a porcine model of partial outlet 
obstruction, Greenland and Brading demonstrated a 
marked drop in wall oxygen tension that was more 
pronounced with voiding.?? Similar findings have 
been noted by other groups.”! Levin and coworkers 
have observed increases in the expression of hypoxia 
inducible factor (HIF), a transcription factor acti- 
vated in the presence of lowered oxygen tension.?? 


Azadzoi et al documented alterations in bladder wall 
perfusion in atherosclerotic rabbits and, even in the 
absence of outlet obstruction, bladder wall hypoxia 
was associated with a marked deposition of extracel- 
lular matrix.” There is growing evidence to suggest 
that many of the changes induced by hypoxia in this 
setting are the result of free radical-mediated 
damage.** Some authors suggest that the reperfusion 
phase is even more damaging than the hypoxic 
phase,”° especially to the neural structures within the 
bladder wall. These in-vitro findings are supported by 
the diminished response to neural stimulation 
observed in muscle strips taken from bladder sub- 
jected to partial outlet obstruction using the fetal 
sheep model. 10-11 

Following outlet obstruction, several changes in 
bladder morphology have been documented. There is 
an increase in smooth muscle size?” (i.e. hypertrophy) 
and there is a prominent deposition of extracellular 
matrix components within the bladder wall. This has 
been shown in human fetal specimens, !* as well as in 
numerous fetal models of partial outlet obstruction.® 
Experimentally, there is an increase in collagen syn- 
thesis in cultured smooth muscle cells subjected to 
biaxial mechanical strain,?” and this is mediated at the 
transcriptional level, as shown by increased mRNA 
expression.?® Changes have also been described in the 
complex regulatory system that breaks down collagen. 
The matrix metalloproteinase enzymes are able to 
break down the extracellular matrix and the tissue 
inhibitors of the matrix metalloproteinases (TIMPs) 
may in turn regulate them as a feedback mechanism. 
Peters et al has shown TIMP expression to be 
increased within the bladder wall in a fetal sheep 
model of partial outlet obstruction, thus providing 
another mechanism for the dramatic increase in blad- 
der wall fibrosis.2? The clinical relevance of these 
observations is that this prominent deposition of 
extracellular matrix alters both the active and passive 


properties of the bladder wall. 


Effects on the upper ureter, renal pelvis, 
and kidney 


Ultimately, as the bladder fails to adapt to its imposed 
workload (compensate), a sequence of molecular 
events result in which the bladder begins to retain 
larger volumes of urine. Consequently, the resting 
pressure in the bladder before voiding becomes sig- 
nificantly elevated, and this increased resting pressure 
is transmitted to the upper urinary tract over pro- 
longed periods. It is clear that elevated voiding pres- 
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sures by themselves do not cause harm to the upper 
urinary tract. Sillen et al have documented extremely 
high voiding pressures in normal male infants or 
those with reflux and normal renal function.*° Thus, 
damage to the upper urinary tract occurs because of 
elevated intravesical storage pressures over prolonged 
time intervals. The results of this are manifest in the 
resulting ureteral dilatation and rise in intrarenal 
pelvic pressures. As a number of investigations have 
shown, elevated bladder pressures are transmitted 
back to the renal pelvis.?! 

Elevated renal pelvic pressures ultimately have a 
profound effect upon renal morphology and function. 
A complete review of obstructive nephropathy is 
beyond the scope of this chapter; however, some 
basic concepts deserve mention. Obstruction impacts 
renal concentrating ability, glomerular filtration rate 
(GFR), and renal morphology. Numerous human 
and experimental observations support the notion 
that renal concentrating ability is diminished in the 
presence of obstruction.3%33 This effect might occur 
as a result of damage to the luminal cells within the 
tubules, as shown in a study in which mechanical 
deformation of renal epithelial cells in culture was 
associated with apoptosis.*4 It might also reflect 
changes in blood flow to the medulla?> and a subse- 
quent loss of the medullary concentrating gradi- 
ent.3637 Although these changes are probably of lesser 
significance in the fetal kidney that has poor concen- 
trating ability, they have a profound impact in the 
older patient with posterior urethral valves who is left 
with pronounced polyuria and a compensatory poly- 
dipsia.38 These changes also can account for the occa- 
sional patient who has a postobstructive diuresis 
following initial catheter placement in the neonatal 
intensive care unit (NICU). 

Most boys with posterior urethral valves experience 
a drop in their GFR, although this is variable. Some 
anatomic variants dampen the pressure transmitted by 
the upper tracts to the kidney and thereby lessen renal 
damage. When the full effects of high resting pres- 
sures are transmitted to the kidneys, fibrosis has been 
observed clinically and experimentally,*? both within 
the renal pelvis and within the renal parenchyma. The 
cytokine transforming growth factor-B (TGEF-f) is 
associated with this fibrosis and is also secreted into 
the urine, providing a biologic marker for the pres- 
ence of obstruction.°4! There is also therapeutic 
potential in this observation, because, in an experi- 
mental study, treatment with antibodies to TGF-B 
alone or in combination with an angiotensin-convert- 
ing enzyme (ACE) inhibitor resulted in diminished 


renal fibrosis.42-+3 The deposition of the fibrosis is not 
necessarily uniform throughout the kidneys, and this 
might reflect regional alterations in perfusion. 


Genotypes and end-stage renal disease 


Researchers have tried to determine if ESRD seen in 
boys with posterior urethral valves is solely a conse- 
quence of the obstructive uropathy or the result of 
delay in treatment in the fetal period. Harrison sug- 
gested that fetal surgical intervention for the infant 
with posterior urethral valves did not lead to improved 
renal outcomes, although it was associated with better 
pulmonary outcomes.** However, these interventions 
were reserved for the most severe cases, and the 
authors concluded that by the time of intervention, the 
damage from obstructive uropathy may have become 
irreversible. An alternative explanation might be that 
these results defined a genotypically distinct at-risk 
population. The role of the angiotensin II receptor in 
ureteral and renal development is well established, and 
its targeted gene deletion may be associated with 
ureteral ectopia and associated renal hypoplasia.* 

Given the central importance of the angiotensin 
receptor in ureteral budding, branching, and renal 
development, several investigators have sought to 
study how the renin—angiotensin system (RAS) is 
altered in patients with posterior urethral valves. 
Components of the RAS, where such genetic vari- 
ability arises, include ACE, angiotensinogen, and the 
angiotensin receptor. Insertion and/or deletions 
within a fragment of intron 16 of the ACE gene will 
account for up to 50% of the variability of the serum 
enzyme activity. 

If all cases of ESRD associated with posterior ure- 
thral valves were attributable to obstructive uropathy 
alone, there should be no clustering of genotypes 
according to clinical outcomes. However, the distrib- 
ution of the ACE I allele which is associated with 
lower enzymatic activity was much more likely to be 
seen in children with posterior urethral valves and 
renal insufficiency than it was in a normal popula- 
tion.4 Despite this observation, higher peripheral 
renin activity is observed in patients with posterior 
urethral valves compared with normal age-matched 
children.4” This seeming discrepancy may arise 
because of the difference between the role of the RAS 
in development and renal branching, and its response 
in the postnatal period in the face of renal injury. This 
type of clinical evidence, coupled with a vast experi- 
mental literature, argues in favor of an underlying 
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genetic component to the ESRD observed in this 
condition. The literature devoted to understanding 
these genotypic relationships with the various poste- 
rior valve phenotypes will grow in the years to come. 


Diagnosis 


With the widespread use of screening antenatal 
sonography, the vast majority of patients with poste- 
rior urethral valves are being diagnosed in utero. We 
initially hoped that this increase in diagnostic ability 
would lead to fetal intervention and better renal out- 
comes. Despite the widespread use of sonography, 
there continues to be a high incidence of long-term 
renal failure in these patients. This suggests either that 
by the time current imaging technology detects renal 
damage it is already irreversible or that the patient 
may have an at-risk genotype, or some combination 
of the two. Although the use of in-utero sonography 
has not eliminated ESRD in boys with valves, there 
has been a decline in the number of older boys who 
present with symptoms. Even with the widespread 
use of prenatal sonography, several series report that 
up to 10-20% of boys present with symptoms such as 
urosepsis or urinary incontinence. 


Fetal imaging 


Screening sonography will usually detect a major 
obstructive uropathy at 18-19 weeks of gestation, 
and lead to further study with a higher-resolution 
ultrasound. The finding of a thick-walled bladder and 


Figure 63.4 A fetal sonogram showing severe oligohy- 
dramnios. Note the lack of amniotic fluid between the 
spine and the uterine wall. Death occurred in the 
neonatal period from pulmonary hypoplasia. 


bilateral hydroureteronephrosis in a male fetus 
suggests posterior urethral valves. However, ultra- 
sonographers also see these changes in boys with the 
prune belly syndrome. One study suggests that 
sonography is accurate in making a diagnosis of 
posterior urethral valves in 50% of cases.#® In 
addition to a determination of how much renal 
parenchyma is present, a critical factor in assessing the 
sonogram is the presence or absence of amniotic fluid. 
Oligohydramnios (Figure 63.4) is an ominous sign of 
advanced and severe obstruction. In recent years, the 
role of sonography has been supplemented with the 
use of fetal magnetic resonance imaging (MRI) in 
highly selected cases (Figure 63.5).4? The indications 


Figure 63.5 A maternal fetal MRI showing amniotic fluid levels and evidence of a dilated bladder (BI), dilated pos- 


terior urethra (arrow) (a), and hydroureteronephrosis (*) (b). 
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for fetal MRI in such a setting include bilateral 
hydroureteronephrosis, bladder wall thickening, and 
oligohydramnios. In one study of early third trimester 
gestations, the addition of the fetal MRI altered the 
initial diagnosis made by sonography in 30% of the 
cases.59 Another study revealed MRI to be highly 
accurate in the assessment of total lung volume 
(TLV) in patients with genitourinary anomalies after 
26 weeks of gestation, but similar predictability was 
seen using a determination of whether oligohydram- 
nios was present or absent.>! Further work will clarify 
the precise benefits this imaging can offer over con- 
ventional sonography. 


In-utero management — interventional 


Harrison’s pioneering work in fetal intervention 
began with extensive experimental work in the fetal 
sheep model in 1978,5%53 and the first clinical inter- 
ventions took place in the early 1980s.*4 In the early 
years, we hoped that with antenatal diagnosis fol- 
lowed by prompt surgical intervention, the renal 
prognosis for these patients would improve. Open 
fetal surgical intervention using either a vesicostomy 
or ureterostomies were performed and shown to be 
technically feasible.*# However, despite technical suc- 
cess in a majority of these cases, the incidence of renal 
insufficiency remained high.!> However, intervention 
improved pulmonary function and the restoration of 
amniotic volume due to the internal stenting of the 
aspirated amniotic fluid.55-56 

It was clear that not all boys with posterior urethral 
valves benefit from in-utero intervention, because the 
severity of the obstruction from the valve is so vari- 
able. If one performs aggressive intervention in a pop- 
ulation skewed towards advanced disease, as shown in 
Figure 63.1, the results are uniformly disappointing. 
Most boys have a good prognosis if they complete a 
normal gestation and have a neonatal valve incision. 
Attempts to better stratify the at-risk group, in whom 
fetal intervention for obstructive uropathy would be 
helpful, led to the development of urinary sampling as 
a means of predicting which patient might benefit 
from this approach. The ability to sample urine from 
the fetal bladder allows for analysis of electrolyte com- 
position and testing for the expression of markers 
such as B,-microglobulin. Under ordinary conditions, 
the fetal urine is hypotonic, which reflects the fetal 
kidney’s poor ability to concentrate the urine. This is 
because proximal tubular function develops, and 
active sodium transport results in a hypotonic filtrate. 
This hypotonic filtrate then passes on through the 


distal tubules with minimal reabsorption of free 
water. In contrast, in the older child, this hypotonic 
filtrate is concentrated by the absorption of free water 
via the aquaporin channels.°7 Glick et al demonstrated 
that in the fetus with obstructive uropathy and renal 
dysplasia, a nearly isotonic urine was observed; this 
suggests significant problems with proximal tubular 
function, which mediates sodium reabsorption.*® In 
contrast, the fetus with mild renal impairment had 
low urinary sodium, chloride, and osmolarity. There 
was initial optimism that urinary aspiration from the 
bladder with electrolyte and osmolarity analysis might 
predict long-term renal outcomes. Favorable urinary 
electrolyte values were deemed as Na* <100 mEq/L, 
Cl <90 mEq/L, and an osmolarity <210 mOsm/L. 
In the long term, fetal urinary electrolyte analysis still 
fails to separate those with a favorable renal progno- 
sis from those in whom ESRD develops.!> The use of 
additional urinary markers such as B,-microglobulin 
has also been investigated,°? but none offer the per- 
fect predictive test. Freedman et al offered evidence 
that sequential bladder taps on three successive days 
might increase the predictive power of this method. 
Nevertheless, in a recent review, even among those 
patients with favorable electrolyte patterns, the inci- 
dence of ESRD remained increased, at nearly 
30%.6162 In summary, urinary electrolytes, if unfa- 
vorable, can predict the most severe cases of fetal 
obstructive uropathy seen with dysplasia. However, 
even patients with a favorable electrolyte pattern may 
progress to ESRD. The pitfalls of this diagnostic 
dilemma have been reviewed by Elder,* and it 
remains a fruitful area for further research. Perhaps 
with the application of proteomics to urine samples 
collected from patients with known postnatal out- 
comes, a better marker of irreversible renal injury may 
be identified.“ 

Neonatal demise in patients with severe posterior 
urethral valves does not result from ESRD, but rather 
from pulmonary hypoplasia. The etiology of this 
appears secondary to the loss of the mechanical dis- 
tending forces provided by the aspiration of the amni- 
otic fluid.5556 This experimental work formed the basis 
for clinical trials of amniotic fluid replenishment which 
have resulted in improved neonatal pulmonary func- 
tion.6667 In another smaller review of fetal interven- 
tion, Coplen et al reported a high incidence of ESRD 
in shunted patients, but no evidence of respiratory 
compromise, which was seen in those patients who 
were not shunted.©8 To summarize, while we have not 
realized the hopes of fetal intervention for the preven- 
tion of renal failure, we have improved pulmonary 
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function in the most severe cases. Improved criteria 
might allow for the promise of fetal intervention to a 
small and highly selected population of patients with 
obstructive uropathy.© Such efforts should be limited 
to those centers with expertise in this complex proce- 
dure and the antepartum care. 


In-utero management — observational 


We observe most patients with an in-utero diagnosis 
of posterior urethral valves with serial sonograms to 
monitor the degree of urinary tract dilatation and the 
amount of amniotic fluid. We try to allow these ges- 
tations to proceed to term to optimize pulmonary 
development. Extensive prenatal communication 
between the obstetrical team and the pediatric urolo- 
gist is always helpful to establish a clear plan of action 
for the family and all of the healthcare team. A prena- 
tal visit with the pediatric urologist provides an 
opportunity to begin the process of parent education. 
The potential for good renal function and a near- 
normal lifestyle should be emphasized, as well as the 
small but real potential for long-term renal sequelae.” 
In severe cases where ESRD is likely, families may opt 
for termination of pregnancy.”° The need for antibi- 
otic prophylaxis, a renal bladder ultrasound, and a 
voiding cystourethrogram (VCUG) must be commu- 
nicated to the family and referring physicians. 


Diagnosis in the older child 


Although less common in this era of prenatal sonog- 
raphy, the occasional boy with posterior urethral 
valves still presents with a history of either urinary 
tract infection, retention, or incontinence.?7!-73 Not 
surprisingly for so diverse a condition, there is a case 
report of a boy presenting with posterior urethral 
valves despite a normal prenatal sonogram at 30 
weeks’ gestation.”* Boys with a urinary tract infection 
should have a renal and bladder ultrasound to exclude 
major underlying structural problems. If the boy has 
a febrile urinary tract infection or retention, we add a 
VCUG. 

Some older boys with posterior urethral valves have 
only urinary incontinence. In some cases, it is hard to 
single out the one boy who has a posterior urethral 
valve from the many with dysfunctional voiding and 
wetting from volitional urinary retention. While iso- 
lated nocturnal enuresis, or an occasional daytime 
episode of wetting associated with delays in voiding 
are not cause for alarm, the boy who presents with 
regular day- and night-time wetting should trigger a 
suspicion of bladder outlet obstruction. Under these 


circumstances, a screening renal bladder ultrasound is 
required to exclude bladder wall thickening associated 
with valve leaflets and search for any hydroureter. We 
also recommend a uroflow study and determination 
of postvoid residual. The presence of a thick-walled 
bladder and obstructive uroflow pattern should lead 
to a VCUG being performed to rule out the presence 
of posterior urethral valves or a stricture. Once these 
studies have ruled out any anatomic blockages, treat- 
ment of the dysfunctional voiding may proceed. 
Rarely, boys with posterior urethral valves have been 
treated for dysfunctional voiding for several years 
with growing frustration at the lack of progress. 
Hence, the importance of maintaining a high index of 
suspicion for this diagnosis in the setting of a clinic 
filed with incontinent children, the vast majority of 
whom do not carry this diagnosis. 


Postnatal imaging 


We prescribe antibiotic prophylaxis in the neonate we 
suspect of having posterior urethral valves before the 
postnatal imaging. Imaging begins with a renal and 
bladder ultrasound, which may be diagnostic. We 
order a VCUG as soon as possible if the ultrasound 
has any features that suggest a possibility of posterior 
urethral valves. 


Ultrasound 


The presence of a dilated posterior urethra, thickened 
bladder wall, bilateral hydroureteronephrosis, and 
cortical thinning in a newborn boy is suggestive of 
posterior urethral valves (Figure 63.6). In some cases, 
the hydroureteronephrosis is limited to one side and 
with an associated cystic- or dysplastic-appearing 
kidney. This represents the posterior urethral valves, 
unilateral vesicoureteral reflux, and renal dysplasia 
(VURD) syndrome”? in which one renal unit absorbs 
the brunt of the high pressure and is lost, while the 
opposite side is spared and undergoes compensatory 
hypertrophy (Figure 63.7). Ultrasound examination 
may also detect the presence of urinary ascites. In 
addition to a thick-walled bladder, the ultrasound 
may also show an associated diverticulum (see Figure 
63.7). Identification of these pressure pop-off mecha- 
nisms by sonography is associated with better long- 
term renal7>»76 and bladder” function. 

In addition to noting the degree of upper tract 
dilatation, the intrarenal echogenicity can also serve as 
a valuable clue to the renal prognosis. Within the 
normal kidney, there are substantial differences in the 
echogenicity observed between the renal medulla and 
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Figure 63.6 This postnatal ultrasound demonstrates the classic findings of severe posterior urethral valves. (a) The 
distended bladder (BI) can be traced in this sagittal view down to the level of a dilated bladder neck (BN) and dilated 
posterior urethra (PU). (b) The dilated bladder has a very thick wall (arrows) and associated severe 
hydroureteronephrosis (HU). (c and d) Both kidneys show severe cortical atrophy. 


Figure 63.7 Pressure pop-off mechanisms which serve to vent elevated intravesical pressure and preserve renal 
function have been well described. (a) An example of the VURD syndrome in which the left renal unit has high-grade 
reflux and dysplasia; this spared the right kidney. (6) Extravasation into the perinephric space (+) following a for- 
niceal rupture may also occur. (c) The large bladder diverticulum spared this patient's renal function (Bl; bladder, 
Dt; diverticulum). 
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Figure 63.8 (a) Differences in renal corticomedullary echo density or differentiation are a favorable prognostic sign. 
The arrows point to areas within the medullary region that are of distinctly lower density than the surrounding cor- 
tical regions; sometimes these areas are mistaken for a fluid-filled calyx. (6) In contrast, this renal sonogram shows 
severe hydronephrosis and a renal parenchyma that is uniformly dense with no corticomedullary differentiation. 


Fifteen years later, this patient is in renal failure. 


cortex (Figure 63.8a). In contrast, with substantial 
renal damage, there is a loss of this corticomedullary 
differentiation (see Figure 63.8b), which suggests a 
more ominous renal prognosis.”87? 


Voiding cystourethrogram 


The VCUG remains the cornerstone of achieving an 
accurate diagnosis of posterior urethral valves. Some- 
times it is difficult to pass an 8 Fr feeding tube 
(Figure 63.9), which may coil within the dilated pro- 
static fossa. Using a coudé tip catheter allows for the 
passage of the catheter over the hypertrophied blad- 


Figure 63.9 The challenge of placing a catheter in a 
dilated posterior urethra is usually circumvented by 
using a coudé tip catheter. Occasionally, even a coudé 
tip catheter will coil in the posterior urethra, and 
require fluoroscopic placement. This is useful for the 
older boy with posterior urethral valves who is going to 
initiate clean intermittent catheterization. 


der neck. Once the radiologist fills the bladder and the 
bladder begins to contract, the catheter is withdrawn 
to allow fluoroscopic observation of the entire ure- 
thra. The characteristic valve cusp appears at the infe- 
rior aspect of the dilated prostatic urethra and appears 
identical to the leaflets seen at the time of cystoscopy 
(Figure 63.10). Although the diagnosis of valves is 
not affected by having the catheter in place during 
micturition (Figure 63.7c), we prefer to have fluoro- 
scopic voiding views free of any interference. 

Sometimes it is not clear from the VCUG whether 
one is seeing a posterior urethral valve, or contraction 
of the striated external sphincter. It is critical to view 
each image provided to find a view that demonstrates 
a relaxed external sphincter. In this case, ‘real-time’ 
fluoroscopy is useful. If any doubts remain as to 
whether or not the narrowing is physiologic or 
anatomic, we perform cystoscopy to exclude the pres- 
ence of a valve leaflet. There may be similar concerns 
on a postoperative VCUG following valve incision. In 
one illustrative case, initial views showed a narrowing 
of the distal aspect of the prostatic urethra Figure 
63.11b that opened widely on subsequent views 
(Figure 63.11c). 

The VUCG may also reveal the presence of unilat- 
eral or bilateral reflux. Unilateral reflux may occur 
into a dysplastic and non-functioning kidney, and 
serve as a pressure pop-off mechanism.7°®° Similarly, 
a large diverticulum may also serve as a venting mech- 
anism and confer a better renal prognosis. We do not 
excise these diverticula. We believe that they provide 
low-pressure storage capacity unless urinary retention 
or infection intervenes. We have illustrated these con- 
cepts with the case study in Figure 63.7. 
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Figure 63.10 (a and b) The classic valve cusps associated with type 1 posterior urethral valves (arrows) are demon- 


strated in these two VCUGs. 


Figure 63.11 (a) The classic type 1 posterior valve is shown preoperatively (arrow). (b) The postoperative appear- 
ance of a VCUG for a patient 3 months following valve resection demonstrates what might appear to be a residual 
valve leaflet (see arrow). (c) However, full review of all the fluoroscopic images reveals this narrowed area opens up 


when the striated external sphincter is relaxed. 


Nuclear medicine 


Traditionally, we performed technetium 99m (??™Tc) 
diethylene triamine penta-acetic acid (DTPA) or mer- 
captoacetyltriglycine (MAG3) nuclear renal scans to 
quantify GFR in boys with posterior urethral valves, 
especially in the presence of the VURD syndrome. If 
the refluxing kidney was associated with a poor GFR, 
nephrectomy was the traditional management recom- 
mendation. Our presumption in the past was that 
high-grade reflux into a non-functioning system risked 
infection. We now believe that this risk is low because: 


E most of these boys remain on prophylactic anti- 
biotics long term 


E in the United States, circumcision is widely prac- 
ticed, further lowering the risk of urinary tract 
infection. 


We no longer recommend a routine renal scan unless we 
suspect secondary ureteral obstruction, and this is rare. 


Management options 


Initial management in a neonatal intensive 
care unit 


Following delivery, we allow a healthy neonate with 
good pulmonary function to bond with his mother and 


1070 Clinical pediatric urology 


Figure 63.12 Incisions may be made at the 12, 5, and 7 o'clock positions (a) using either a resectscope (b) in an older 
child, or a bugbee electrode delivered by a 9 Fr cystoscope in the neonate (c). 


father. Within hours, as the neonate is transferred to 
the NICU, we obtain an ultrasound, and if the findings 
are consistent with valves, we place a feeding tube in 
preparation for the VCUG. We then start antimicro- 
bial prophylaxis with amoxicillin. A child who is stable 
from a pulmonary standpoint can then be prepared for 
valve ablation often within 48-72 hours of life. 

If the boy has pulmonary hypoplasia and complex 
ventilatory requirements, prematurity precluding 
endoscopic manipulation, or significant postobstruc- 
tive diuresis, we delay the valve incision and opt for a 
period of urethral catheterization. Sometimes in these 
settings, the infant’s serum creatinine rises above the 
maternal creatinine as the degree of renal impairment 
becomes manifest. Usually, the diuresis is physio- 
logic, but rarely, the rise in creatinine may reflect pre- 
renal dehydration that follows postobstructive 
diuresis. In these situations, we recommend main- 
taining catheter drainage and allowing the medical 
condition to stabilize. 


Surgical aspects 


With the major advances that have taken place in 
fiberoptic technology, it is now possible to incise pos- 


terior urethral valves in all but very small premature 
neonates. Many approaches to valve incision have 
been described.8! We use a bugbee electrode that can 
be passed through a 7.5 or 9 Fr neonatal cystoscope 
to apply cutting current to the valve leaflets at the 5, 
7, and 12 oclock positions (Figure 63.12). Even 
within our practice, some of us incise the valves only 
at 12 o’clock and others at 5 and 7 o’clock; some 
prefer a cold knife approach, whereas others prefer 
electrocautery. The principle of valve incision requires 
only that the surgeon disrupt the integrity of the 
valve. The valve itself does not need to be excised. 

We consider performing a vesicostomy as the initial 
surgical intervention in the very premature neonate 
whose urethra will not accommodate an endoscope. 
We also consider this approach in a neonate whose 
creatinine has risen despite successful catheterization. 
In this setting, the vesicostomy minimizes lower uri- 
nary tract storage pressures and optimizes GFR.*?.88 
We believe that a vesicostomy does not place the blad- 
der at total rest; in fact the bladder does fill, and 
undergoes partial cycling. A vesicostomy allows for 
venting of high intravesical pressures as they develop, 
thus minimizing any transmission of pressure back 
towards the kidneys. 
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Figure 63.13 Upper tract imaging was ordered for this boy because the hydronephrosis failed to respond to primary 
endoscopic valve ablation. (a) The intravenous pyelogram reveals bilateral hydroureteronephrosis with delayed 
washout on the left. (6) An antegrade nephrostogram revealed a distal ureteral narrowing with impedance of flow 
into the bladder. At the time of these studies this patient was 2 months old, and had a serum creatinine of 0.7. 
Advocates for high urinary diversion to maximize GFR would note the increased resistance to drainage shown in (b) 
supports their approach. Advocates of the watchful waiting approach would counter with the following arguments: 
1) If the nephrostomy tube were clamped, and one waited, contrast would flow into the bladder over time, because 
this is not a complete obstruction. 2) As the bladder experiences repeated filling and emptying cycles, it will heal 
and as the wall thickness diminishes, the resistance to antegrade flow will diminish. Our recommendations in this 
case called for the removal of the nephrostomy tubes, maintenance of antibiotic prophylaxis, circumcision, and 


serial imaging of the upper tracts at increasing intervals as the upper tracts decompressed. 


One long-standing controversy in the management 
of patients with posterior urethral valves revolves 
around the use of high urinary diversion. Historically, 
a child whose renal function failed to improve, or 
even worsened following valve ablation, might 
undergo bilateral ureterostomy or pyelostomy. Fol- 
lowing the surgery, the creatinine level often 
decreased, and thus high diversion has had its advo- 
cates.8384 Some believe that boys with severe outlet 
obstruction develop a secondary obstruction at the 
ureterovesical junction due to potential obstruction of 
the dilated ureter as it passes through the severely 
thickened bladder wall. If this were true, then high 
diversion would potentially reduce risk of renal 
damage from ongoing high pressure despite valve 
incision. If in such a setting, a nephrostogram is per- 
formed, it is possible to demonstrate an ‘obstruction’ 
at the ureterovesical junction (Figure 63.13). 
Although there are still centers where persisting 
dilatation of the upper urinary tract following suc- 


cessful valve ablation leads to consideration for upper 
urinary diversion, most pediatric urologists do not 
recommend high diversion despite evidence that 
resulting bladder function is good following undiver- 
sion. Furthermore, high diversion prevents the 
bladder continuing its normal cycle of filling and 
emptying,®> and many feel this contributes to a non- 
compliant bladder that is more difficult to rehabilitate 
later on prior to transplantation. 86-88 


Circumcision 


We recommend circumcision in boys with posterior 
urethral valves. Wiswell’s data suggest that febrile uri- 
nary tract infections are more commonly seen in 
uncircumcised males.8??° The consequences of uri- 
nary tract infection superimposed upon a dilated uri- 
nary tract with stasis and renal insufficiency should be 
enough to give every urologist ample cause to 
endorse circumcision and encourage it. 
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Nephroureterectomy 


The traditional approach to the management of 
patients with unilateral high-grade vesicoureteral 
reflux and associated dysplasia (the VURD syn- 
drome)” called for an initial valve incision followed 
by a nephroureterectomy. However, we have moved 
away from this approach, unless in the very unusual 
cases where we are forced by recurrent urinary tract 
infection. We believe the low-pressure venting into 
the non-functional system places less stress on the 
valve bladder that chronic increased pressure has com- 
promised. For boys in renal failure, the native kidneys 
maintain fluid balance; renal failure with polyuria is 
easier to manage than anuria. It has been our experi- 
ence that native nephrectomy is rarely required in 
these boys. If a nephrectomy is required, the ureters 
should be left behind for use in subsequent recon- 


structions. ?! 


Ureteral reimplantation 


Whereas up to 50% of patients presenting with valves 
show signs of vesicoureteral reflux on their initial 
VCUG,®? successful valve ablation and bladder 
cycling lead to resolution in the majority of cases. 
Glassberg and co-workers have argued for manage- 
ment based on urodynamic data. They note that treat- 
ing residual voiding dysfunction often leads to reflux 
resolution in this population.%? If bladder function is 
optimal, then reimplantation can be performed suc- 
cessfully.?? It is well established that reimplantation of 
dilated ureters into thick-walled bladders with associ- 
ated voiding dysfunction carries a higher complica- 
tion rate.°+ Thus, if correction of reflux in this patient 
population is desired, some consideration should be 
given to endoscopic injection.’ In our own experi- 
ence, ureteral reimplantations are almost never 
required in circumcised boys with successfully incised 
valves and may compromise bladder compliance, or 
potentially compromise a failing kidney. 


Surgical complications 


Surgical complications from endoscopic valve abla- 
tion are rare with the current generation of smaller 
high-resolution fiberoptic endoscopes. The feared 
complication of past years was a stricture induced by 
passing too large of an instrument through a tiny ure- 
thra. We almost never see this complication now that 
we have pediatric cystoscopes with a side port for a 
bugbee electrode. In the very small infant, if the avail- 
able endoscopes cannot pass through the urethra, we 


consider a vesicostomy with plan for delayed valve 


incision. ®1 


Short- and long-term outcomes of 
posterior urethral valves 


Short-term complications seen following posterior 
urethral valve incision may include urinary retention 
and renal failure.8226 If voiding is not complete and 
urinary tract infection ensues following posterior ure- 
thral valve incision, short-term use of clean intermit- 
tent catheterization (CIC) may become necessary. 
Remember that following decompression of a dilated 
urinary tract, if vesicoureteral reflux is present, there 
may be ample storage volume in the dilated ureters 
and renal pelvis. In this setting, if CIC is performed at 
too frequent an interval, the bladder may never dis- 
tend to a volume required to trigger voiding in the 
infant. Rarely, an associated bladder diverticulum 
may compress or distort the trigone and bladder neck. 
In this case, surgical excision of the diverticulum may 
be required. In general, if urinary retention is noted 
postoperatively, catheterization for 24 hours followed 
by a repeat voiding trial is nearly always successful. 
The number of posterior urethral valve patients who 
have true myogenic failure is small.” 

In some boys, the neonatal course is complicated by 
renal failure. In many of these cases, the more immedi- 
ate life-threatening problem is respiratory failure 
brought about by hypoplastic lungs (see Figure 63.1). 
Many of these boys are now detected before birth by 
fetal sonography, and the pulmonary complications may 
be minimized either by shunting or amniotic fluid infu- 
sions. Extracorporeal membrane oxygenation (ECMO) 
has been used for these boys until they can be managed 
with conventional ventilatory support.?® The majority 
with posterior urethral valves who require ECMO sup- 
port in the neonatal period develop ESRD and require 
renal transplantation later. Tremendous progress has 
been made in the management of neonatal renal failure 
over the past 20 years. Both hemodialysis and peritoneal 
dialysis are now feasible in this population. In the past, 
renal transplantation was rarely undertaken for any 
patient <1 year old. Today, more and more centers offer 
renal transplantation to babies in the first year. Although 
technically feasible, given the discrepancy between the 
organ size and the total body volume of the recipient, 
such procedures are complex. For this reason, as well as 
the desire to minimize the years of immunosuppression, 
every effort is made to optimize renal function, avert 
dialysis, and let the child develop without the transplant 


as long as possible. 
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Approximately 20-30% of patients with posterior 
urethral valves go on to develop ESRD. Studies sug- 
gest that if by 1 year old the serum creatinine level has 
reached a nadir value of <0.8, ESRD will be 
avoided.*? Although such renal insufficiency is present 
in the neonatal period, there is usually enough GFR to 
support growth and development. The pediatric urol- 
ogist and nephrologist must work together to closely 
follow boys whose creatinine level approaches these 
values. On occasion, these boys suffer from tubular 
acidosis, and require bicarbonate replenishment. For 
those with more advanced renal insufficiency, growth 
hormone may be required. As the renal failure 
advances, calcium metabolism and bone development 
must be closely monitored. Long before the time for 
transplantation approaches, the urology and nephrol- 
ogy team must begin to address the function of the 
lower urinary tract, and its ability to safely sustain an 
allograft with low storage pressures. 

Most series report a substantial delay in the acqui- 
sition of daytime and night-time continence for all 
patients with posterior urethral valves.8%°° For 
patients with less severe posterior urethral valves, the 
bladder and renal function combined allow for conti- 
nence, usually around 6-7 years old. However, per- 
sistent urinary incontinence is an ominous sign in 
patients with a diagnosis of posterior urethral 
valves.°? Given the pathophysiology of upper and 
lower urinary tract obstruction outlined at the begin- 
ning of this chapter, this incontinence is more readily 
understood. Because of the bladder wall fibrosis and 


poor storage capabilities, an increasing volume of 
urine is stored at higher pressures within the upper 
urinary tract. The severe polyuria that these patients 
exhibit due to distal tubular injury in utero worsens 
this problem. Ironically, the boy himself may also 
unwittingly aggravate the condition in his desire to be 
dry. As he struggles to achieve dryness by suppressing 
the desire to void, and retain urine, he contributes to 
upper tract dilatation and increasing storage pres- 
sures. For many boys, a regimen of timed voiding is 
effective. In others with upper tract dilatation, double 
voiding will safely result in dryness. Instructing the 
boy to void in the ultrasound suite, with pre- and 
postvoid views of the kidneys, ureters, and bladder 
provides a powerful teaching tool for the boy who 
would benefit from double voiding and his family. 

It has become clear in recent years that, for many of 
these patients, overnight catheter drainage!!! and 
CIC will provide continence, lower storage pressures, 
and preserve renal function. For all these reasons, a 
critical time to follow a boy with posterior urethral 
valves closely is around the time he begins to express 
an interest in potty training. This is even truer for 
boys with borderline renal function. 


Videourodynamics 


For the posterior urethral valve patient who has per- 
sistent urinary incontinence, or is approaching 
ESRD, videourodynamics offers an invaluable tool to 
optimize the chances for achieving dryness?”!? and 


Figure 63.14 This videourodynamics study demonstrates the benefit of the fluoroscopic examination (a, b). At first 
glance, it appears to be a very compliant cystometrogram (c); however close examination reveals that compliance 


is augmented by the reflux into the upper tracts (b). 
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for successful transplantation. Before ordering 
videourodynamics, it is essential to have the patient 
and family complete a thorough diary, which includes 
not only the urinary output but also the fluid intake. 
This helps to determine the average urinary volume 
produced on an hourly basis by day and night, and 
what voiding frequency will be required. In contrast 
to conventional urodynamics, a videourodynamics 
study will help to determine what part of the storage 
capacity is provided by the bladder, and compare that 
with is contributed by the ureters, renal pelvis, and 
calices. 

We have demonstrated this concept with the study 
shown in Figure 63.14. This study, if done conven- 
tionally, would suggest that the boy has a very com- 
pliant bladder. In fact, when the video images are 
considered, it is clear that the bladder has poor com- 
pliance and there is high-grade reflux early in filling. 
The high-grade reflux into his native kidneys aug- 
mented this boy’s storage capacity and masked poor 
bladder compliance. Despite attempts at double and 
triple voiding, his diurnal urinary incontinence per- 
sisted in part due to his polyuria. He resisted our 
attempts to teach him urethral CIC, which is typical 
in this population of patients with a sensate perineum 
and a dilated posterior urethra (see Figure 63.9). 
Based on this study, we recommended an appendi- 
covesicostomy to allow intermittent catheterization 
every 2-3 hours by day, and overnight catheter 
drainage. As long as this boy was compliant with his 
daytime catheterization schedule, he remained dry. 
Following transplantation he is continent due in large 
part to the improved concentrating ability of his allo- 
graft. In this case, the videourodynamic study altered 
this boy’s care in two ways: first, the study made it 
clear that native nephroureterectomy would compro- 
mise his ability to achieve safe storage pressures; sec- 
ondly, the large residual urine measured by the study 
reflected storage in his upper tracts that would not 
respond to double-voiding regimens. Given these 
findings, clean catheterization via an appendicovesi- 
costomy offered him the optimal management for 
achieving dryness in the short term, while preparing 
for the inevitable renal transplant that followed. 


Postobstructive diuresis 


Boys with a history of posterior urethral valves often 
have persistent dilation of the upper urinary tract that 
worsens as they begin to toilet train. For some boys, 
the imposition of daytime dryness achieved by delay- 
ing voiding and conscious use of the external sphinc- 
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Figure 63.15 The integration of upper and lower uri- 
nary tract dysfunction in boys with posterior urethral 
valves. The cycle of gradual increasing postvoid resid- 
ual volumes leads to increased resting prevoid pres- 
sures, which in turn leads to increasing renal medullary 
pressures. The resulting loss of concentrating ability 
results in increasing diuresis, which aggravates the 
cycle by subjecting the bladder to increasing stretch. 


ter places additional burden on the upper tracts. This 
worsens during sleep. What produces a reward for the 
child in terms of dry sheets in the morning and clean 
underwear at the end of the day may contribute to 
worsening of renal function. For some boys this leads 
to a cycle (Figure 63.15) in which increasing bladder 
storage pressures result in higher renal pelvic pres- 
sures. This in turn aggravates renal medullary concen- 
trating ability, which is already compromised,** and 
thus results in additional diuresis. 

Clinical and experimental evidence supports these 
concepts. In a videourodynamic assessment of partial 
bladder outlet obstruction, decompensated rabbit 
bladders had good compliance, defined as AV/AP. 
They also required much larger volumes (with a 
higher prevoid baseline pressure) to initiate their 
voids, which were small and associated with high 
residuals. Within this group, the postvoid residual 
urine recorded exceeded the infused volume.!°? This 
led us to consider these cystometrograms on an indi- 
vidual basis, and to classify them according to their 
baseline pressure before voiding. For the subset of 
obstructed bladders (30%) in which the baseline pres- 
sure >10cmH,O, the postvoid residual urine 
exceeded the infused volume by an average of 30 ml 
(Figure 63.16). How could the residual volume 
exceed the infused volume by nearly 40%? In per- 
forming these experiments, we emptied the bladder 
under fluoroscopic control before initiating slow-fill 
cystometry at 1-2 ml/min. During the filling period, 
the diuresis from the upper tracts was pronounced in 
those bladders with an elevated baseline pressure 
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Figure 63.16 Experimental work demonstrates the relationship between a non-compliant bladder and postobstruc- 
tive diuresis. (a) Following partial bladder outlet obstruction in rabbits, we performed videourodynamics free of any 
sedation 24 hours after placement of bladder and peritoneal catheters. For the sham control (——) we recorded a 
normal slow-fill CMG terminating in a voluntary void to completion. For decompensated bladders, we observed two 
populations of curves. In one group of bladders, compliance was preserved if expressed as AP/AV; however, the 
resting pressure just before voiding was higher (——-). However for a second group of decompensated bladders, a 
non-compliant pattern was observed with a much higher resting pressure before void (——). In each instance, we 
recorded an accurate postvoid residual with fluoroscopic confirmation. Note the increased deposition of extra- 
cellular matrix elements in the two decompensated bladders. (b) If one subtracts the infused volume from the 
postvoid residual, and exceeds zero, this is evidence of a diuresis that occurs during bladder filling. We observed 
the presence of a postobstructive diuresis only in those non-compliant decompensated bladders whose resting 


pressure before voiding exceeded 10 cmH,0. (Adapted from Stein,'°4 with permission.) 


before voiding. Although the majority of these blad- 
ders demonstrated ‘good compliance’, these rabbits 
were spending most of their time at the far right of 
their cystometry curves, and thus subjecting their 
upper tracts to the same higher baseline pressure. This 
postobstructive diuresis was also observed in 30% of 
the rabbits following reversal of outlet obstruction in 
a subsequent group of experiments.14 

We have observed similar findings in boys with 
posterior urethral valves. During a videourodynamic 
study of a boy with urinary incontinence following 
valve ablation, we noted that despite having initiated 
the study by aspirating all urine from the system, the 
postvoid residual urine exceeded the volume infused. 
We also observed this phenomenon in another boy 
with posterior urethral valves in whom we had cre- 
ated a unilateral end-cutaneous ureterostomy. We 
recorded this boy’s ureterostomy output and corre- 
lated it with the catheterization status of the bladder. 
When this boy slept without an indwelling catheter, 
we recorded larger volumes of urine from the 
ureterostomy. In contrast, when sleeping with an 
indwelling catheter, the overnight volumes recorded 
from the ureterostomy dropped by almost 40%. This 
finding supports our conclusion!®® and that of 
others!01,105,106 who feel that overnight catheter 
drainage can eliminate a substantial volume and hence 
pressure burden on the upper tract (Figure 63.17). 
Taken over a period of time, and with recovery of 


some concentrating ability, the total 24-hour urine 
volumes often drop, offering both the benefits of 
improved daytime continence and optimizing renal 
function. 


Pretransplant evaluation 


Even today, despite antenatal diagnosis, the incidence 
of ESRD for patients with posterior urethral valves 
remains at about 20%. The pediatric urologist caring 
for these boys must continue to remain actively 
involved with the nephrology transplant team. Boys 
undergoing transplantation with a poorly functioning 
bladder have higher complication rates and graft loss 
than those in whom lower urinary tract function has 
been optimized.!07-108 We recommend videourody- 
namic assessment for any boy in whom transplanta- 
tion is imminent. This allows us to calculate the safe 
bladder storage pressures and to assess whether CIC 
is required. Videourodynamic studies may also reveal 
that high-grade reflux into the native ureters provides 
additional compliance to the system (see Figure 
63.14). For this reason, we rarely recommend 
nephrectomy. The principal indications for pretrans- 
plant native nephrectomy are the presence of severe 
polyuria or hypertension that is difficult to control. 
We have rarely witnessed new urinary tract infection 
into the native kidney following transplantation if 
infection was not common before the transplant. If 
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Figure 63.17 The concepts of (a) a safe pressure storage zone and (b) the role of overnight catheter drainage. As is 
shown in both (a) and (6), maintaining a safe storage pressure (mid-blue on the left) for a patient with this severe 
polyuria is possible only with a regimen of clean intermittent catheterization (CIC) at 1-hour intervals. As the inter- 
vals move to CIC at 2-hour intervals, the daytime hours drift upwards from the mid-blue to the pale-blue pressure 
zones. However, at 4-hour CIC intervals, the dark blue zone of high intravesical pressures is reached during the 
waking hours, and prolonged exposures to high dark blue zone pressures are maintained during the overnight 
hours. However, with overnight catheter drainage (b), the hours of exposure at high pressure at night are minimized. 
An additional benefit with this particular patient was that renal-concentrating ability improved and the total volume 
produced in 24 hours dropped, making daytime dryness easier to attain and at lower intravesical pressures. 


nephrectomy is indicated, we preserve the ureters for 
catheterization, augmentation, or for anastomosis to 
the transplanted kidney should problems arise within 
the transplanted ureter. 

If videourodynamics reveals that the bladder capac- 
ity must be expanded to provide safe storage pres- 
sures, ureteral augmentation is an option.! Very 
rarely, augmentation using a bowel segment may be 
necessary. In the past, dogma required that total blad- 
der reconstruction, including augmentation if 
required, must occur before transplant. Our experi- 
ence has been different. We have been pleased with 
the results of transplantation to the vesicostomy in the 
unusual cases where low bladder volume and poor 
compliance resulted in lower tract diversion. Under 
these conditions the transplant team should not hesi- 
tate to reimplant the transplant ureter into a diverted 
bladder that is draining via a vesicostomy.!!° With 
this approach, we have successfully postponed recon- 
struction with the associated CIC to an age-appropri- 
ate date, and in some cases, with the addition of 
overnight catheterization, we have avoided the need 
for augmentation altogether. 
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Prune belly syndrome 


R Guy Hudson and Steven J Skoog 


Introduction 


Prune belly syndrome is classically defined by three 
abnormalities: deficiency of the abdominal wall mus- 
culature, bilateral cryptorchidism, and a dilated, dys- 
morphic urinary tract (Figure 64.1). The scope of 
involvement of the genitourinary system, combined 
with the visible appearance of the abdominal wall, sets 
the stage for the intense interest that surrounds this 
developmental anomaly. 

A rich history surrounds the recognition of the 
essential components of the prune belly syndrome 
(Table 64.1). In 1839, Frolich noted the abdominal 
wall ‘tumidity’.! Parker, in 1895, recognized the 
essential element of the syndrome to include a large 
flaccid abdominal wall with absent musculature, 
undescended testes, and a hypertrophied bladder and 
dilated renal collecting system without urethral 
obstruction.” William Osler is credited with giving 
the syndrome its name ‘prune belly in 1901. Prune 
belly syndrome is, at present, the most widely 
accepted appellation.* Other popular synonyms — 
Eagle—Barrett syndrome, urethral obstruction malfor- 
mation complex, the triad syndrome, abdominal 
muscle deficiency syndrome, and mesenchymal dys- 
plasia syndrome - reflect the etiologic biases of the 
respective authors.47 


Table 64.1 History of prune belly syndrome 


Year Author Discovery 


64 


Prune belly syndrome is not confined to the male 
gender. Females constitute about 3-5% of recorded 
cases.® The strict criterion of cryptorchidism would 
effectively eliminate the syndrome in female patients, 
but the descriptive term ‘prune belly’ is applicable. 
Omphalocele and bladder outlet obstructive lesions 
are often seen in female patients with prune belly syn- 
drome.’ In a review by Reinberg et al, 40% of female 
patients had anorectal anomalies and the perinatal 
mortality was 40%.!9 The term ‘pseudoprune’ has 
been suggested to define females and males who do 
not have the complete triad of prune belly syndrome.? 
Hence, males with a lax abdominal wall but without 
undescended testes or without a dilated urinary tract 
and all affected females are considered pseudoprunes. 
The principles of management in females are essen- 
tially the same as in the male patient. The underlying 
uropathy and clinical course in patients with pseudo- 
prune belly syndrome are unpredictable and in one 
series 63% went on to renal failure.!4 

The incidence of prune belly syndrome is 1 in 29 000 
to 1 in 40 000 live births.!>13 An increased incidence 
has been reported in Nigeria! as well as in 
Saskatchewan, Canada.” In a population-based study 
from New York State the live birth prevalence was 3.2 
per 100000. Twins, blacks, and children born to 
younger mothers appear to be at higher risk.}5 Maternal 


1839 Frolich 

1895 Parker 

1901 Osler 

1903 Strumme 

1961 Nunn and Stephens 
syndrome 


Described abdominal wall abnormality 

Recognized all three components of the syndrome 

Coined the name prune belly syndrome 

Proposed obstructive hypothesis of prune belly syndrome 
Proposed theory of mesodermal arrest as an etiology of prune belly 
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Figure 64.1 (a) A newborn with prune belly syndrome, urinary ascites, and pulmonary hypoplasia. Outline of the 
bowel is visible through the abdominal wall. (6) A 6-month old infant with prune belly syndrome before compre- 
hensive reconstruction. (c) A 4-year-old female with hemiprune belly. (d) An adult with prune belly syndrome 


exhibiting ‘pot belly’ configuration. 


cocaine abuse during pregnancy has been associated 
with prune belly syndrome. 16 

Unfortunately, patients with prune belly syndrome 
can have many associated conditions that have a sig- 
nificant clinical impact. These can include pulmonary 
hypoplasia, renal dysplasia/insufficiency, cardiac 
anomalies, lower extremity musculoskeletal malfor- 
mations, imperforate anus, and intestinal malrota- 
tion/malfixation. These impart a 
significant morbidity in prune belly patients and often 
influence urologic management. 


conditions 


One major area of controversy in the management of 
prune belly syndrome is the role of surgical reconstruc- 
tion. Early series stressed the importance of relief of 
obstruction and stasis by high ureterostomies or catheter 
drainage. Indwelling catheter drainage often met with 
infectious complications, with an additional 30% mor- 
tality reported in the first 2 years of life.1718 Later reports 
of successful, early urinary reconstruction demonstrated 
both improved urinary drainage and radiologic configu- 
ration of the urinary tract. Long-term follow-up demon- 
strated stabilization of renal function. !922 
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Prevention of urinary infection and preservation of 
renal function may also be achieved with ‘watchful 
waiting.?3-26 With the development of improved 
prophylactic antibiotic therapy and utilization of 
advanced urodynamic equipment, the need for exten- 
sive tailoring of the urinary tract has been questioned. 
In fact, Woodhouse et al reported a normal serum 
creatinine in 27 patients with prune belly syndrome 
who had limited surgical intervention over a 29-year 
period.?” However, mindful of psychological and fer- 
tility considerations, current practice dictates an early 
surgical role in correction of the abdominal wall 
defect and the cryptorchid testes.28-31 

A further improvement in the treatment of prune 
belly syndrome has been the application of dialysis 
and renal transplantation. Transplantation offers hope 
to patients with poor renal function due to initial 
renal dysplasia or progressive chronic renal insuffi- 
ciency, despite appropriate urologic intervention. 

This chapter reviews proposed etiologies of the 
syndrome and associated malformations, and illus- 
trates the spectrum of management of these patients. 


Theories of etiology and embryogenesis 


Inheritance 


A variety of genetic inheritance patterns have been 
suggested in prune belly syndrome. The majority of 
cases are sporadic and have a normal karyotype.!*2 
Prune belly syndrome has been reported in male sib- 
lings, cousins, and twins.!4+33-3° However, the major- 
ity of affected twin pairs are discordant for prune belly 
syndrome, which speaks against a purely genetic eti- 
ology. Ives noted 11 pairs of twins discordant for the 
syndrome: six were monozygous and five were of 
unknown zygosity. Of the 250 cases of prune belly 
syndrome reviewed, 11 cases or 4% occurred in 
twins, compared with the 1.25% incidence of twin- 
ning in the general population. Unequal division of 
mesoderm cells, occurring at the primitive streak for- 
mation, may explain the discordant monozygotic 
twinning phenomena.” 

Williams was one of the first to suggest that prune 
belly syndrome was due to a sex-linked recessive trait. 
This would explain the male predominance of the 
syndrome, its occurrence in male siblings, in concor- 
dant twins, and in association with Turner’s syn- 
drome.?*:37 The presence of prune belly syndrome in 
three females with documented 46,XX karyotype 
speaks strongly against this pattern of inheritance.*® 


Autosomal dominant and autosomal recessive 
inheritance have also been reported.!* Male predomi- 
nance, lack of consanguinity, and lack of extensive 
pedigrees in new cases due to associated infertility, 
make any association with single gene inheritance 
uncertain at this time.!* Riccardi and Grum suggested 
a two-step autosomal dominant mutation with sex- 
limited expression that partially mimics X-linkage. 
This genetic inheritance pattern would explain male 
predominance, as well as the small number of affected 
family members.?° 

Specific chromosomal abnormalities are rare. Tri- 
somy 18 and trisomy 21 have been demonstrated in 
prune belly syndrome.*?? Trisomy 18 is also associ- 
ated with other genitourinary abnormalities, includ- 
ing renal dysplasia and hypoplasia, horseshoe kidney, 
duplication anomalies, and persistent nodular renal 
blastema.** A cause-and-effect relationship is only 
speculative. A careful analysis of incidence and birth 
rates suggests that these are independent events, 
occurring together by chance alone. 

An association with Turners’ syndrome suggests 
that the gene responsible for the syndrome may be 
located on the X chromosome and is recessively trans- 
mitted. However, it probably represents the occur- 
rence of the prune belly phenotype in the female as a 
result of other causes of abdominal distention, such as 
impaired lymphatic development with chylous 
ascites.4!4:37 Although mosaicism for a monosome of 
chromosome number 16 in two male siblings with 
prune belly syndrome has been documented, its 
importance etiologically cannot be determined.* An 
extracentric chromosomal fragment was reported in 
association with prune belly syndrome. However, the 
same aberration was present in two phenotypically 
normal male family members.*¢ 

Prune belly syndrome has been reported in associa- 
tion with other syndromes, chromosomal aberrations, 
and conditions. Perlman syndrome, Beckwith—Wiede- 
mann syndrome, VACTERL association, Pfeiffer syn- 
drome type 3, and megacystis—microcolon-intestinal 
hypoperistalsis syndrome have all been described in 
patients with prune belly syndrome, suggesting the 
possibility of a common pathogenesis.47° 


Fetal development 


Three major theories have been proposed to explain 
the clinical features of the prune belly syndrome. As 
with most theories, none completely explains the 
entire constellation of findings in the syndrome, and 
all are marred by conjecture and speculation. 


1084 Clinical pediatric urology 


Abdominal 
distention 


dysplasia 


Abdominal Excess 
Bladder wall muscle abdominal 
hypertrophy deficiency skin 


Colon 
malrotation 


Persistent 
urachus 


Associated 
anomalies 


Renal Potter's Pulmonary 
dysplasia syndrome hypoplasia 


Lower limb = 
Cryptorchidism 


Figure 64.2 Urethral obstruction, whether anatomic or functional, is a proposed etiology of prune belly syndrome 


and its associated anomalies. 


Fetal outlet obstruction 


In 1903, Strumme proposed that prune belly syn- 
drome was the final expression of an obstructive uro- 
logic lesion producing significant back pressure at a 
critical time during development. The dilatation of 
the urinary tract and secondary pressure atrophy of 
the abdominal wall produced the clinical features 
common to prune belly syndrome (Figure 64.2).5! 
Subsequent clinical reviews reflected this belief and 
called attention to the need to alleviate the obstruct- 
ing lesions commonly found in the posterior ure- 
thra.!852-54 Improved methods of radiographic 
diagnosis of obstruction with the voiding cys- 
tourethrogram (VCUG), postmortem anatomic en- 
bloc dissections, and the application of urodynamic 
studies cast doubt on the anatomic presence of 
obstruction.*?4455 More recent clinical reports have 
found evidence of an obstructing lesion in 10-20% of 
patients, contrasted with up to 80% in earlier 
series.2652 Tt has been proposed that those infants 
with the most severe manifestations of the syndrome 
have the ‘lethal variant? (an anatomic obstructing 
lesion), leading to pulmonary hypoplasia, renal dys- 
plasia, and death." This distinction is particularly 
important when studying the theories of pathogene- 
sis, as most articles that indicate obstruction as the 


primary cause are based on autopsy informa- 
tion 5456-59 

The source of the obstruction may be true areas of 
stenosis, atresia, valves, or pinpoint diaphragms at the 
junction of the posterior and membranous urethra. 
Recent theories have suggested a ‘functional obstruc- 
tion’ present in utero, secondary to prostatic hypopla- 
sia, as the specific etiology of the syndrome. This 
‘obstructiom is thought to be the result of conforma- 
tional changes in the prostatic urethra during voiding, 
creating a valve-like mechanism.°” Another etiology 
suggested in prune belly syndrome is a transient 
obstruction at the junction of the glandular and penile 
urethra. This was based on evidence of anterior ure- 
thral dilatation in patients with prune belly syndrome 
measured on radiographs from a VCUG. Compar- 
isons were made with children with urinary tract 
infections and children with posterior urethral 
valves.°! This theory is supported by the high inci- 
dence of megalourethra seen with prune belly syn- 
drome.°.6 

The obstructive theory contends that the abdomi- 
nal wall findings are secondary to the pressure effects 
of the distended bladder on the developing myotomes 
of the abdominal wall. The muscles directly over the 
bladder — transversus abdominis, obliques, and lower 
rectus — are most severely affected, supporting this 
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theory. However, histologic studies and electron 
microscopy of the abdominal wall do not demon- 
strate a pattern of atrophy, but one of developmental 
arrest.°-©6 In addition, the absence histologically of 
any aponeurotic layer of the affected muscles opposes 
an atrophic cause.° 

Evidence from prenatal ultrasound in patients with 
prune belly syndrome and other disease processes 
associated with the prune belly phenotype suggest 
that the abdominal wall laxity is due to abdominal dis- 
tention. A transient ascitic distention explains patients 
with the syndrome who lack evidence of urethral 
obstruction.4°7-”9 Urinary ascites has been demon- 
strated in utero in patients with prune belly syn- 
drome. The urine is theorized to leak into the 
abdomen via the distended urinary tract and sponta- 
neously reabsorbs at the end of gestation, which 
explains its clinical absence at birth.67-68:71-73 Other 
causes of in-utero abdominal wall distention and the 
prune belly phenotype include non-immune ascites, 
intestinal duplication, posterior urethral valves, amni- 
otic band syndrome, visceromegaly, polycystic kid- 
neys, impaired lymphatic drainage in Turner’s 
syndrome, giant liver cyst, and cystic adenomatoid 
malformation of the lung.4°:74-76 

The ‘urethral obstruction malformation complex is 
applied to the theory of fetal outlet obstruction as the 
etiology of prune belly syndrome. The timing and 
severity of the obstructive phenomena is critical. Dis- 
tension of the urinary tract at 13-15 weeks of gesta- 
tion could produce the degenerative changes in the 
abdominal wall and urinary tract, preventing gut rota- 
tion and prostatic development.’” This broader appli- 
cation of Strumme’s original hypothesis fails to 
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explain (1) the lack of hypertrophy and hyperplasia 
present in the obstructed urinary tract, (2) the 
replacement of smooth and skeletal muscle by fibrous 
and collagenous tissue, (3) normal or low intravesical 
pressures assessed urodynamically, (4) 
obstruction but presence of renal dysgenesis in the 
majority of patients, (5) other causes of in-utero 
outlet obstruction not associated with abdominal wall 
laxity, and (6) the excessively high incidence of cryp- 
torchid testes. All these factors are common in prune 
belly syndrome and cannot be completely explained 
on the basis of obstruction alone. 5:23-55,78,79 


absent 


Theory of mesodermal arrest 


This theory suggests that the etiology of prune belly 
syndrome is an embryologic aberration of mesenchy- 
mal development (Figure 64.3).5 Urinary tract 
obstruction occurs in some patients as a consequence 
of the primary defect and may increase the pathologic 
severity.” Stephens and Gupta have proposed that 
the genitourinary tract, the testes, and the abdominal 
wall would be vulnerable to a mesodermal defect 
occurring between the 6th and 10th weeks of gesta- 
tion. A noxious insult occurring when the lateral 
plate mesoderm has already extended to the midline, 
with failure of myoblast differentiation and migration 
ventrally and caudally, would explain the abdominal 
wall findings.56 At the same time, the urinary tract is 
developing from the visceral layer of the lateral plate 
mesoderm. The same insult would impair differentia- 
tion of the mesoderm that forms the smooth muscle 
of the urinary tract, resulting in the characteristic 
dilatation and dysmorphic features common to the 
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Figure 64.3 Cross section of a fetus at 6-10 weeks of gestation. An embryologic insult to both layers of the lateral 
plate mesoderm and the nephrogenic mesoderm could explain the majority of findings seen in the prune belly 


syndrome. 
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syndrome. The kidneys are concurrently differentiat- 
ing from the para-axial mesoderm. A defect in induc- 
tion by the ureteral bud or an abnormality in the 
metanephric blastema, with or without subsequent 
urinary tract obstruction, would account for the renal 
dysplasia commonly associated with prune belly syn- 
drome. 2256.80 

Some authors have suggested that this insult must 
occur early in the 3rd week of embryogenesis, at the 
primitive streak stage of development. At the division of 
the embryonic disk, an unequal distribution of meso- 
derm could explain the discordant occurrence in 
monozygotic twins.” This localized defect in mesoder- 
mal development would also explain the abnormalities 
seen in the prostate, urethra, and in testicular descent. 
According to this theory, the prostatic hypoplasia with 
poor glandular development, and abnormalities in the 
mesenchyme of the testicular gubernaculum, result in 
unresponsiveness of these tissues to hormonal stimula- 
tion.>°8!-83 This unresponsiveness of the gubernaculum 
to hormonal stimulation, the diminished intra-abdomi- 
nal pressure, and potential mechanical obstruction by an 
enlarged bladder, all contribute to the maldescent of the 
testes in the prune belly syndrome. 

The mesodermal arrest theory is further supported 
by histologic findings in the abdominal wall, the uri- 
nary tract, and the male genital tract. The abundance 
of fibrous tissue, collagen, and connective tissue, in 
association with sparse smooth muscle throughout 
the urinary tract, indicates an inherent problem with 
mesodermal differentiation. Bladder outlet obstruc- 
tion, as seen in posterior urethral valves, results in 
hypertrophy and hyperplasia in the urinary tract, with 
normally developed seminal ducts, seminal vesicles, 
and prostate glands proximal to the obstruction. 
These features are noticeably absent in the prune belly 
syndrome. 555.65:80.81, 
obstruction in the majority of patients and the 
demonstration of urodynamically unobstructed uri- 
nary tracts support this theory. This theory also pro- 
vides an adequate explanation for the high association 
with megalourethra.>-385 

Nevertheless, the mesodermal arrest theory does 
not explain the male predominance of the syndrome. 
It also fails to explain the myriad associated anomalies 
and the presence of the abdominal wall abnormalities 
with a normal urinary tract. In addition, obstructive 
urethral lesions, whether anatomic or functional, are 
sometimes associated with the syndrome. The devel- 
opment of an animal model, created by urethral liga- 
tion, has been reported with all the features of the 
syndrome. 57:60.86 


84 The absence of anatomic 


The yolk sac theory 


Stephens proposed an additional theory to explain the 
features of the prune belly syndrome. It is based on an 
error in embryogenesis of the yolk sac and allantois. 
Inherent in this theory is the contention that the blad- 
der and prostatic urethra are derived, to a greater 
degree than customarily accepted, from the allantois. If 
an abnormally large amount of the yolk sac is retained 
inside the embryo, due to overgrowth of the lateral 
folds of the discoid embryo, it could affect the devel- 
opment of the abdominal wall, resulting in the prune 
belly phenotype. A critical aspect of this theory is the 
overdevelopment of the allantoic diverticulum. This 
structure grows out from the yolk sac contiguous with 
the body stalk. If it becomes excessively large due to the 
oversized intra-abdominal yolk sac, it would become 
incorporated into the urinary tract as the redundant 
enlarged urachus, bladder, and prostatic urethra which 
characterizes the syndrome.®8° Unfortunately, this 
theory does not explain the errors in development of 
the upper urinary tract or male genital tract. 


Spectrum of disease 


Prune belly syndrome represents a spectrum of dis- 
ease severity. Classification systems based on this clin- 
ical spectrum have been formulated by numerous 
authors and all take into consideration initial and sub- 
sequent renal function.*!548788 The classifications 
have similar, clinically distinctive parameters to segre- 
gate the patients prognostically. The clinical classifica- 
tion of prune belly syndrome provides a framework 
for a more rational approach to overall management, 
which is determined on an individual basis.!2 Based 
on Woodard’s classification, three major categories 
can be broadly defined (Table 64.2). 

Category I patients exhibit the most severe form of 
the prune belly syndrome, with pulmonary hypopla- 
sia and severe renal dysplasia. Most patients in this 
category do not survive beyond the first few days of 
life. The stillborn births are often associated with 
oligohydramnios and the classic features of Potter’s 
syndrome are observed.89"9 In this subset of patients 
with severe renal dysplasia, high urinary diversion, 
when performed, is generally to no avail.® Initial 
normal serum creatinine progressively rises in spite of 
urinary diversion. These patients may also have com- 
plete urethral obstruction or atresia, which is the 
‘lethal variant’ of the syndrome unless associated with 
a patent urachus.°? 
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Table 64.2 Spectrum of prune belly syndrome 


Category 
classification 


Distinguishing characteristics 


l Oligohydramnios, pulmonary 
hypoplasia or pneumothorax. 
May have urethral obstruction or 
patent urachus and clubfoot 


II Typical external features. 
Uropathy of the full-blown 
syndrome but no immediate 
problem with survival. 

May have mild or unilateral renal 
dysplasia. 

May or may not develop 
urosepsis or gradual azotemia 


Ill External features may be mild or 
incomplete. 
Uropathy less severe. 
Stable renal function 


The next group, category I, includes those infants 
who do not have pulmonary hypoplasia but have sig- 
nificant involvement of the urinary tract. This can 
include mild to severe renal dysplasia with potential 
azotemia and failure to thrive. The clinical course is 
one of either stabilization of renal function or pro- 
gressive azotemia. Surgical intervention to tailor the 
urinary tract, in order to provide unimpeded drainage 
and decrease stasis, has been successfully performed. 
The impact of surgical intervention on long-term 
renal function remains a source of continued contro- 
versy. 1721,91 

Category III patients with prune belly syndrome 
are associated with the external abdominal features 
and undescended testes but neither pulmonary nor 
renal function is severely impaired. They constitute 
the majority of patients with prune belly syn- 
drome.3®88 Although these infants may have severe 
dilatation of the urinary tract, they have stable renal 
function and usually do not require reconstructive 
urologic surgery.?! 


Clinical features 


Genitourinary manifestations 
Kidneys 


Renal dysplasia and hydronephrosis are the common 
characteristics of the upper urinary tract in prune belly 


syndrome. Both grossly and radiographically, cystic 
dilatation of the calices and renal pelvis is present. 
Infundibular narrowing without obstruction and 
occasional ureteropelvic junction obstruction may be 
evident.?! Wide variations may exist in individual 
renal unit appearance, function, location, and rotation 
(Figure 64.4).5° 

Prognosis is directly related to renal function and 
the degree of renal dysplasia. Stephens proposed 
pathogenic mechanisms to explain the development 
of renal dysplasia. These include (1) defects of the 
ureteric bud or its branches, (2) qualitative or quanti- 
tative deficiencies of the nephrogenic mesenchyme, 
and (3) vascular ischemic insults with resultant 
ureteric obstruction and renal cystic dysplasia. He 
suggested that the renal dysplasia of the prune belly 
syndrome is due to a combination of a ureteric bud 
and metanephric defect. 

The most severe degree of renal dysplasia is recog- 
nized from autopsy studies and associated with both 
Potter’s type II and IV renal cystic changes.5°78 These 
patients have associated distal outlet obstruction (ure- 
thral atresia) with a non-patent urachus, and they are 
usually stillborn. The kidneys are small, with disorga- 
nized histologic features consistent with dysplasia, and 
are most likely injured at the stage of ampullary devel- 
opment prior to significant nephron formation.5* 

In contrast, some patients have hydronephrosis but 
adequate renal function (Figure 64.5). The degree of 
hydronephrosis may not correlate with the ureteral 
dilatation or the abdominal wall deficiency. The renal 
parenchyma is often well preserved despite a grossly 
abnormal drainage system. Urinary infection rather 
than obstruction represents the greatest threat to the 
renal parenchyma. The dilatation is attributed to the 
mesenchymal defect and deficient smooth muscle, not 
to obstruction. Consequently, some resolution in the 
degree of dilatation can occur spontaneously in 
follow-up. 


Ureters 


The ureters are elongated, tortuous, and dilated, rep- 
resenting the radiographic hallmark of the syndrome 
(Figure 64.6).°* The lower one-third of the ureter is 
more profoundly affected than the proximal portion 
and occupies the flared-out flanks of the abdomen. 
Although fluoroscopic studies demonstrate ineffective 
peristalsis over its entire length, true obstructive 
lesions of the ureter are the exception. However, 
pleat-like valves at the ureterovesical junction (UVJ) 


have been documented in two cases.?° 
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Figure 64.4 (a) Retrograde cystogram demonstrates 
the dilated, tortuous, refluxing ureters; enlarged, 
floppy, renal pelvis; and distended bladder, with 
urachal remnant. (b) Retrograde cystogram demon- 
strates vesicoureteral reflux into a dilated, dysmorphic 
ureter. Renal pelvis indicative of pseudoureteropelvic 
junction obstruction. (c) Same patient as (b) with entire 
left ureter and renal pelvis visualization. 
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Figure 64.5 Intravenous pyelogram, DMSA renal scan, and renal sonogram of a 1-year-old child with prune belly 
syndrome. Despite gross dilatation and dysmorphic features of the renal pelvis and ureters, the renal scan and renal 
function were remarkably normal. The renal sonogram demonstrates evidence of hydronephrosis with preserved 


renal parenchyma. 


Vesicoureteral reflux is seen in up to 85% of 
patients. The conventional system of grading reflux is 
difficult to apply, due to the dysmorphic features of 
the ureter, renal pelvis, and calices.?? 

Histologic examination of the ureter demonstrates 
a profound alteration in the content and architecture 
of the ureteral wall. The hypertrophy and hyperplasia 
of the smooth muscle cells seen in dilated ureters due 
to obstruction or vesicoureteral reflux are absent in 
the prune belly syndrome. A diffuse increase in the 
connective tissue with replacement of the smooth 
muscle is present. The ratio of collagen to smooth 
muscle, especially in refluxing ureters, is markedly ele- 
vated.°* There is no differentiation into longitudinal 
and circular muscle layers. The patchy distribution of 
smooth muscle is present in both the dilated and nar- 
rowed ureteral segments. The upper ureter has more 
smooth muscle cells than the lower portion.57? A 
marked decrease in the number of nerve plexuses, 
with degeneration of non-myelinated Schwann fibers, 
has been reported. This may contribute to the poor 


ureteral peristalsis even after corrective surgery.?> 
Ultrastructural examination of the smooth muscle 
cells of the ureter reveals a decrease in the number of 
thick and thin myofilaments, which contributes to 
poor muscle cell performance. 726 The histologic and 
pathologic features are important to remember 
during genitourinary reconstructive efforts. Because 
the upper ureter is potentially the best, its future 
should not be risked by using it for temporary cuta- 
neous diversion. The dilatation and ineffective peri- 
stalsis of the ureters result in urinary stasis and a 
heightened risk of infection. 


Bladder 


The bladder is thick walled and grossly enlarged, but 
trabeculations are usually absent (Figure 64.7). The 
normal bladder contour is deviated by a pseudodiver- 
ticulum, consisting of the urachal remnant and giving 
the bladder an hourglass configuration. A patent ura- 
chus may be present, especially in association with 
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Figure 64.6 Voiding cystourethrogram of a 1-year-old 
child with prune belly syndrome exhibiting the classic 
elongated, tortuous, and dilated ureter representing 
one of the radiographic hallmarks of the syndrome. 
The large, distended bladder is thick walled. (Courtesy 
of George W Kaplan MD.) 


urethral atresia or microurethra. The trigone is 
splayed and the ureteric orifices are located laterally, 
which explains the common association with vesi- 
coureteral reflux.°° The bladder neck is characteristi- 
cally quite wide at its junction with the prostatic 
urethra. 

Histologic evaluation of the bladder demonstrates 
an alteration in the ratio of connective tissue to 
smooth muscle. The extent of involvement is less than 
the ureter, and smooth muscle hypertrophy can be 
present,°?7 The increased bladder thickness is largely 
due to fibrocytes and collagen. The anatomic innerva- 
tion of the bladder is normal. No abnormality in the 
distribution of ganglion cells is present.>-24 

The bladder in prune belly syndrome has efficient 
low-pressure storage and good compliance. However, 
its ability to empty is compromised by vesicoureteral 
reflux and poor contractility. 

Urodynamic assessment of the bladder has demon- 
strated normal balanced voiding in some patients 


Figure 64.7 (a and b) The voiding cystourethrograms 
detail the grossly enlarged, but non-trabeculated blad- 
der. The bladder neck is widely patent, with dilatation 
of the posterior urethra. No valves or stenosis is pre- 
sent. 


regardless of the gross anatomic and radiologic fea- 
tures. Three distinct patterns of voiding have been 
observed: normal, prolonged voiding with a low 
peak, and an intermittent pattern. The voiding pat- 
tern did not correlate with residual urine volume.%8 
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Maximum urinary flow rates and voiding pressures 
can be within normal limits for age. The filling phase 
of the cystometrogram is shifted to the right, with a 
markedly delayed first sensation to void. Bladder 
instability with uninhibited contractions is infrequent 
and usually not the explanation for urinary inconti- 
nence.?3-85.98 In those patients with unbalanced void- 
ing manifested by urinary incontinence, an increase in 
residual urine with a decreased flow rate may be 
noted. Changes in voiding efficiency are not unusual 
and mandate the need for regular urodynamic assess- 
ment. Surgical intervention or intermittent self- 
catheterization may be necessary. 


Prostate and posterior urethra 


The radiographic appearance of the prostatic urethra 
is quite distinctive. The bladder neck is open and the 
posterior urethra is dilated, elongated, and tapered at 
the membranous urethra (Figures 64.7 and 64.8). 
The anterior wall of the prostate is shorter than the 
posterior wall. It frequently has a localized saccula- 
tion, which represents a utricular diverticulum. 
Reflux into the vas deferens may be present and the 
verumontanum is small or absent. True obstructive 
lesions at the junction of the prostate and membra- 
nous urethra have been described in 20% of infants, 


Figure 64.8 Voiding cystourethrogram of a 1-year-old 
child demonstrating the classic radiographic appear- 
ance of the posterior urethra in prune belly syndrome. 
The open bladder neck and dilated prostatic/posterior 
urethra is evident. No urethral obstruction is present. 
(Courtesy of George W Kaplan MD.) 


usually those with the worst prognosis. These 
obstructions have been described as stenosis, true 
valves, atresia, diaphragms, and diverticula. 525456.9 
A kinking of the prostatic urethra during voiding, as 
a result of asymmetry of its anterior and posterior 
walls, has been suggested as a functional obstruction 
in prune belly syndrome. Stephens assigned a type IV 
valve classification to these lesions.5766 

Lack of development of the epithelial portion of the 
prostate is a constant component of the syndrome. 
When compared with normal children and children 
with posterior urethral valves, patients with prune 
belly syndrome have either absent or sparsely distrib- 
uted prostatic epithelial glands.580.81 The prostatic 
hypoplasia results from an inability of the urogenital 
mesenchyme to induce epithelial differentiation.®! 
Prostatic hypoplasia is one of the etiologies of infer- 
tility in this syndrome. 100 


Accessory male sexual organs 


As with the other mesenchyme-derived genitourinary 
organs in the prune belly syndrome, abnormalities of 
the epididymis, seminal vesicles, and vas deferens 
have been noted. Autopsy findings have noted lack of 
continuity between the ductuli efferentes and rete 
testis. The body of the epididymis is frequently 
detached from the testis, a common finding with 
abdominal undescended testes. The vas deferens is 
abnormally thickened and may drain ectopically.°! 
The seminal vesicles may be dilated with diverticular 
formation but usually are atretic or absent, which may 
be a diagnostic feature of prune belly syndrome.®° All 
of these findings have significance in regards to the 
known infertility associated with prune belly syn- 


drome.® 


Anterior urethra 


The recognized abnormalities of the anterior urethra 
in prune belly syndrome range from urethral atresia 
to fusiform megalourethra (Figure 64.9). Surviving 
patients with urethral atresia or microurethra have a 
patent urachus. It has been suggested that the 
microurethra is normally formed but unused and can 
be progressively dilated to a functional caliber. 102 
Bulbous urethral dilatation was evident in 68% of 
patients with prune belly syndrome.°? Two of these 
patients had a fusiform megalourethra. Comparative 
measurements of anterior urethral diameters in 
patients with prune belly syndrome with normal 
patients have confirmed a dilated anterior urethra in 
prune belly syndrome patients (Figure 64.10).!0% A 
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Figure 64.9 A newborn with prune belly syndrome 
with evidence of megalourethra and penoscrotal trans- 
position. (Courtesy of George W Kaplan MD.) 


transient obstruction during fetal development at the 
junction of the glandular and penile urethra may 
explain this common radiographic finding, as well as 
the known association of prune belly syndrome with 
megalourethra.° 

Both types of megalourethra — scaphoid and 
fusiform — are associated with prune belly syndrome. 
The fusiform megalourethra, accompanied by defi- 
cient corpora cavernosa, is a more severe defect fre- 
quently associated with renal dysplasia and lethal 
anomalies. Scaphoid megalourethra is characterized 
as a deficiency of the corpus spongiosum with normal 
glans and fossa navicularis. In a series of 26 patients 
with this anomaly, 10 had prune belly syndrome. 104 It 
has been suggested that the mesenchymal develop- 
mental arrest that accounts for the major features of 
the syndrome could also explain the urethral malfor- 


mations.° 


Testis 


Bilateral cryptorchidism is an essential component of 
the prune belly syndrome. In the majority of patients 
the testes are intra-abdominal, overlying the ectatic 
ureters at the pelvic inlet. The epididymal abnormali- 
ties associated with abdominal undescended testis are 
present.! The intra-abdominal position of the testes 


Figure 64.10 (2) A newborn with prune belly syn- 
drome and megalourethra. (b) The voiding cys- 
tourethrogram in this patient demonstrates a large 
dilated bladder, open bladder neck, dilated posterior 
urethra, and wide, patent megalourethra. (Courtesy of 
George W Kaplan MD.) 
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predisposes these patients to increased risk of malig- 
nant degeneration of 30-50 times that of a normally 
descended testes.!°5 At least three documented cases 
of testis tumor in prune belly syndrome have been 
reported, one of which was retroperitoneal.*:!06107 
The gubernaculum is normally attached proximally to 
the tail of the epididymis, travels via the inguinal 
canal, and attaches distally at the pubic tubercle.°° No 
histologic abnormality has been noted, and the nerve 
supply of the gubernaculum is intact.!8 

Comparative, quantitative analysis of spermatogo- 
nia in fetuses with prune belly syndrome has demon- 
strated a significantly decreased 
spermatogonia and marked Leydig cell hyperplasia. 
These changes are evident before expected testicular 
descent, implying intrinsically abnormal testes.!° 
Absent spermatogenesis due to prolonged intra- 
abdominal location has been histologically docu- 
mented.!!0 Azoospermia was present in adults when a 
semen sample was obtained.!!! Early orchidopexy is 
advocated for these patients to optimize potential 
spermatogenesis, to improve evaluation for possible 
malignancy, and to promote better psychological 
health.??112 With assisted reproductive techniques, 
specifically intracytoplasmic sperm injection (ICSI), 
paternity in prune belly patients is possible.1!4 

The etiology of testicular maldescent in prune belly 
syndrome is multifactorial. Mechanical obstruction by 
the enlarged bladder is contributory, as the incidence of 
cryptorchidism is increased in other diseases associated 
with an enlarged bladder, such as posterior urethral 
valves.!14 The mechanical effects of the intramuscular 
pressure of the abdominal muscles pushing the testis 
toward the scrotum are obviously deficient in the prune 
belly syndrome. In addition, given the mesenchymal 
abnormalities of the syndrome, the ability of the guber- 
naculum to respond hormonally to guide the testes to 
the scrotum may be impaired.*? 


number of 


Sexual function and fertility 


Woodhouse and Snyder studied sexual function in 
nine adult patients with prune belly syndrome. All 
had normal libido, with normal erections and 
orgasms. Seven had retrograde ejaculation. All 
patients studied to date have been azoospermic.?®!!1 
These patients all had orchidopexy performed late in 
childhood. Earlier orchidopexy may improve sper- 
matogenesis, as germ cells have been demonstrated in 
these patients. !!? 

There is no report of a patient with prune belly syn- 
drome becoming a father naturally. However, the first 


reported case of paternity in a prune belly patient 
involved the use of ICSI and produced twins.1!3 
Patients with prune belly syndrome have multiple fac- 
tors, other than spermatogenesis, that contribute to 
infertility. An open bladder neck and poorly devel- 
oped prostate result in retrograde ejaculation. Associ- 
ated abnormalities of the prostatic epithelium and 
seminal vesicles affect the amount and content of the 
seminal fluid. Vas deferens obstruction and epididy- 
mal abnormalities associated with maldescent affect 
sperm delivery and maturation. 


Extragenitourinary manifestations 
Abdominal wall 
The wrinkled, floppy abdominal wall that character- 


izes the syndrome results from a deficiency of the 
underlying musculature. The functionally impaired 
abdominal wall can result in significant morbidity. 
These infants are unable to sit up directly from the 
supine position, and this delays the onset of walking. 
The lack of mechanical assistance from the abdominal 
wall contributes to the noted difficulties with respira- 
tory infections and to chronic constipation.!!5 
addition, the long-term psychosocial effects of poor 
body image have been addressed.303! 

Autopsy studies have shown that the muscles most 
severely affected are those ventrally and laterally 
located. The epaxial and hypaxial trunk muscles 
develop normally. The order of severity of involve- 
ment from most to least involved is: transversus abdo- 
minis, rectus abdominus below the umbilicus, 
internal oblique, external oblique, and rectus abdo- 
minis above the umbilicus (Figure 64.11).?-! There 
is cephalic displacement of the umbilicus due to 
unopposed contraction of the upper rectus abdominis 
muscle. The diminished muscle mass, if severe, allows 
one to observe spontaneous contraction of the under- 
lying bowel and easily palpate the abdominal organs 
and kidneys. Because the muscular deficiency may not 
be symmetric, a more dominant flank bulge on one 
side of the abdomen is often present and coincides 
with the dilated distal ureter (Figure 64.12). 

Electromyographic studies of the abdominal wall 
have confirmed the anatomic findings. The lower 
midline musculature demonstrates the least amount 
of electrical activity. Recruitment of voluntary motor 
units is greatest in the upper lateral musculature. 116 

Autopsy studies of the abdominal wall have 
demonstrated normal segmental nerve distribution 
and normal blood supply.5°°° The distribution of 
muscle fibers is haphazard. In more severe cases, the 
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Figure 64.11 The abdominal wall deficiencies in prune 
belly syndrome. The epaxial and hypaxial trunk mus- 
cles develop normally. The order of severity of involve- 
ment from most to least involved is: transversus 
abdominis, rectus abdominis below the umbilicus, 
internal oblique, external oblique, and rectus abdo- 
minis above the umbilicus. (Reproduced from Ran- 
dolph,'"® with permission.) 


entire thickness of the abdominal wall consists of skin, 
connective tissue, superficial fascia, and peritoneum 
(Figure 64.13). In the infant there is no aponeurotic 
layer that might represent atrophied muscle.?* Fortu- 
nately, the poorly developed abdominal wall heals 
well after incision despite the muscular layer deficien- 
cies. 

Microscopic examination demonstrates fatty infil- 
tration interdigitated with muscle fibers. These fibers 
have been characterized as hypoplastic, atrophic, and 
hypertrophic, which adds further confusion to an 
apparent etiology.°>"!” Others have found the muscle 
cells to be clear and normal in appearance and at times 
associated with myotubular embryonic cells similar to 
that seen in the fetus of about 10 weeks’ gesta- 
tion. Ultrastructural abnormalities demonstrated 


Figure 64.12 A newborn with prune belly syndrome. 
The classic abdominal deficiency exists, with a dilated, 
tortuous, and easily palpable left ureter exhibited along 
the left flank. (Courtesy of George W Kaplan MD.) 


by electron microscopy include loss of coherence and 
orientation of the Z-bands, mitochondrial disruption, 
and clumping of glycogen granules. These changes 
are non-specific, but are consistent with hypoplastic 
histologic changes. 


Associated anomalies 


Abnormalities of other organ systems result in long- 
term morbidity for as many as 75% of patients with 
prune belly syndrome (Table 64.3).!!5 Growth was 
impaired in 32% of surviving patients in one large 
series and was poorly correlated with renal function. 
This impairment was most manifest in the first year of 
life, with subsequent stabilization but incomplete 
catch-up growth.!!5 Developmental delay has also 
been documented in selected patients. 

The non-urologic associated anomalies in patients 
with prune belly syndrome are a major source of mor- 
bidity and mortality. Care of these patients requires 
close cooperation with all caregivers. The urologic 
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Figure 64.13 (a) A cross section of the abdominal wall of an infant with prune belly syndrome. Note the scant and 
haphazard arrangement of muscle fibers. (6) A high-power view of abdominal wall composed largely of collagen 
and fibrous tissue. The arrow points to scant skeletal muscle fibers. 


manifestations of prune belly syndrome rarely require 
emergent treatment. 


Orthopedic 


Orthopedic-related problems in prune belly syndrome 
are present in 45-63% of cases.!!8 In most series, 
musculoskeletal anomalies predominate, with con- 
genital dislocation of the hips the most frequent find- 
ing. This requires early treatment and may be 
resistant to conventional therapy.!!® Lateral dimples 
of the elbows and knees are the mildest manifestation 
of the compression effect of intrauterine oligohy- 
dramnios (Figure 64.14). More severe deformities, 
attributed to oligohydramnios and intrauterine com- 
pression, are recognized usually at autopsy as lower 
limb deficiencies and arthrogryposis.+!!? Talipes 
equinovarus, polydactyly, syndactyly, and torticollis 
have been reported.?456 Pectus carinatum and pectus 
excavatum deformities are frequently present. Scolio- 
sis is the most common spinal deformity. In one 


Figure 64.14 Lateral dimple of the knee in this infant 
with prune belly syndrome is a mild manifestation of 
the compression effect of intrauterine oligohydram- 
nios. 


e: 


instance, scoliosis was associated with thoracic seg- 
mental insensibility.!?? As prognosis improves in 
these patients, orthopedic interventions will play a 
greater role in management. 
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Table 64.3 Extragenitourinary abnormalities in prune 
belly syndrome 


Organ Frequency Manifestations 
system (%) 


Pulmonary hypoplasia 
Pneumothorax 
Pneumomediastinum 
Lobar atelectasis 
Pneumonia 

Chronic bronchitis 


Pulmonary 55 


Orthopedic 45-63 Congenital dislocation 

of hips 

Chest wall deformity: 
Pectus excavatum 
Pectus carinatum 

Scoliosis 

Genu valgum 

Talipes equinovarus 

Severe leg 

maldevelopment: 


Arthrogryposis 


Malrotation 
Intestinal atresia 
Intestinal stenosis 
Volvulus 

Anorectal agenesis 
Imperforate anus 
Omphalocele 
Gastroschisis 
Hepatobiliary 
anomalies 
Acquired megacolon 


Gastro- 30 
intestinal 


Patent ductus 
arteriosus 

Atrial septal defect 
Ventricular septal 
defect 

Tetrology of Fallot 


Cardiac 10 


Gastrointestinal 


Gastrointestinal anomalies are present in over 30% of 
autopsied patients with prune belly syndrome. These 
anomalies are commonly recognized in the postnatal 
period. The majority of anomalies such as malrota- 
tion, atresia, stenosis, and volvulus are due to persis- 
tence of the embryonic wide mesentery, with absent 
fixation to the posterior abdominal wall.!?! This same 
suspension abnormality allows the spleen to wander 
freely in the abdominal cavity and acute splenic tor- 
sion has been reported on two occasions.!22 It has 
been recommended that all patients with prune belly 
syndrome have radiographic assessment of their ali- 
mentary tract.!?! Anorectal agenesis, imperforate 


anus, omphalocele, and gastroschisis have been 
reported in association with prune belly syn- 
drome.!?1;!23-125 Chronic constipation is a frequent 
problem with these children, and is attributed to a 
decrease in abdominal wall pressure aiding evacua- 
tion. Acquired megacolon can result. Chronic consti- 
pation requires continuous attention with dietary and 
cathartic intervention. 12-115 


Cardiac 


Cardiac anomalies have been reported in up to 10% 
of patients with prune belly syndrome. Patent ductus 
arteriosus, atrial and ventricular septal defects, and 
tetralogy of Fallot occur with increased frequency in 
prune belly syndrome.!?°!?7 The severity of the car- 
diac involvement will dictate initial care of the infant, 
as the urologic anomalies rarely demand immediate 
treatment. 


Pulmonary 


Pulmonary and respiratory difficulties pervade the 
lives of these patients from birth to adulthood. Severe 
pulmonary hypoplasia, with associated oligohydram- 
nios and renal dysplasia, is incompatible with life. Ini- 
tial prognosis depends upon pulmonary development. 
A review of most series demonstrates that approxi- 
mately 20% of newborns will die in the perinatal 
period as a consequence of pulmonary complica- 
tions.2!2829 Of those that survive the newborn 
period, clinically significant pulmonary problems 
were noted in 55% of patients, H5 Pneumothorax and 
pneumomediastinum may be present at birth, with or 
without pulmonary hypoplasia, and an early chest X- 
ray is advised. Chest wall deformities and abdominal 
muscle deficiency impair mechanical ventilation, 
which results in a ventilatory limitation and a high 
incidence of lobar atelectasis and pneumonia. !?8-129 
Chronic bronchitis and the development of respira- 
tory insufficiency following upper respiratory infec- 
tions or anesthetics are well recognized, and 
appropriate pulmonary support must be pro- 


vided, 115.128 


Patient evaluation 


Prenatal 


Prenatal diagnosis of prune belly syndrome has been 
made as early as 11 weeks of gestation on ultra- 
sound.!3° With improved ultrasonic capability and 
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surveillance protocols, the ability to diagnose major 
genitourinary abnormalities in the early gestational 
period is increased.!*! However, definite distinction 
from other causes of hydronephrosis, such as poste- 
rior urethral valves, can be difficult. Previous ultra- 
sonic diagnostic accuracy varies from 30 to 85%.132 

The development of vesicoamniotic shunt proce- 
dures makes possible in-utero treatment of patients 
with obstructive uropathy.!#3-!35 Specific criteria for 
in-utero intervention include normal karyotype, 
severe oligohydramnios, and predicted good renal 
function. 133-136 The timing for intervention is critical, 
as renal dysplasia is more pronounced with increasing 
gestational age. Although several reports of vesicoam- 
niotic shunt procedures for fetal obstructive uropathy 
exist, reviews have failed to document a beneficial 
effect of fetal intervention on subsequent renal func- 
tion or pulmonary development. 132-137 

Hence, prenatal intervention to relieve potential 
obstruction in a fetus is difficult to justify. As the 
majority of patients with prune belly syndrome have 
no demonstrable evidence of obstruction, and renal 
function does not correlate with the amount of dilata- 
tion present in the urinary tract, the risks and benefits 


of in-utero carefully 
weighed. 138-140 


intervention must be 


Newborn 


The appearance of the abdominal wall leaves little 
doubt as to the diagnosis in the newborn. Given the 
wide range of disease severity, a multisystem evalua- 
tion to rule out significant cardiac, pulmonary, or 
other associated malformations must take place in the 
neonatal period. 14! An immediate chest X-ray is nec- 
essary to exclude associated pneumothorax and pneu- 
momediastinum. The presence of severe pulmonary 
hypoplasia with progressive inability to oxygenate the 
infant immediately affects prognosis. This is usually 
associated with the antenatal demonstration of oligo- 
hydramnios, which indicates impaired renal func- 
tion.” 

Initial creatinine measurements reflect maternal 
renal function and repetitive sampling is necessary. If 
after 48-72 hours the serum creatinine is > 1.0 mg/dl 
in the term infant or 1.5 mg/dl in the preterm infant, 
a degree of renal insufficiency is present. A progres- 
sive rise in serum creatinine over the first few weeks 
of life portends a poor prognosis. If initial nadir crea- 
tinine is <0.7 mg/dl, then subsequent renal failure is 
unlikely.!4? Urine is sent for baseline culture and 
antibiotic prophylaxis is initiated. Measurement of 


serum and urinary electrolytes at birth can be helpful 
in assessing sodium conservation, implying adequate 
renal function.!4% In the premature and full-term 
infant, the glomerular filtration rate (GFR) is initially 
low, then rapidly increases.!44 This must be remem- 
bered in relation to the administration of intravenous 
contrast agents, which may rapidly elevate plasma 
osmolality, causing intraventricular hemorrhage as 
well as further impairment of renal function.!4° 


Diagnostic evaluation 


A thorough urologic evaluation proceeds after stabi- 
lization of the patient’s comorbidities. Physical exam- 
ination and ultrasonography of the urinary tract are 
initially required. Renal sonograms provide informa- 
tion on cortical thickness, presence of cystic changes, 
and renal size. Sonographic examinations before and 
after voiding give a clue to the presence of vesi- 
coureteral reflux and postvoid residual urine. Serial 
serum electrolyte determinations, urinalysis, and 
urine culture are essential. 

Radiologic assessment in the newborn is tempered 
by the known risks of intravenous contrast and the 
introduction of infection with retrograde studies. Ini- 
tially, a VCUG is performed in those infants with 
abnormal renal function to insure that a true 
anatomic, urethral obstruction is not present. This 
‘lethal variant’ and the potential confusion with pos- 
terior urethral valves ‘masquerading’ as prune belly 
syndrome must be differentiated, as treatment 
changes dramatically.53-146.147 Tn addition, the VCUG 
demonstrates vesicoureteral reflux in up to 85% of 
patients and assesses bladder emptying. All infants are 
treated with antibiotics prior to VCUG to decrease 
the risk of infection. In general, the radiologic assess- 
ment of the urinary tract is tailored by the manage- 
ment philosophy of the individual urologic surgeon. 
Contrast studies requiring risky instrumentation are 
avoided in those infants with good renal function. 

After initial evaluation, a technetium 99m (??™Tc) 
diethylene triaminepenta-acetic acid (DTPA) renal 
scan and a mercaptoacetyltriglycine (MAG3) renal 
scan can provide both functional and anatomic infor- 
mation. Blood flow, differential renal function, and 
drainage in response to furosemide (Lasix) can be 
assessed and compared with subsequent studies 
(Figure 64.15). The limitations of diuresis renogra- 
phy in demonstrating obstruction in patients with 
prune belly syndrome have been noted. A Whitaker 
test is occasionally necessary as the definitive study to 
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Figure 64.15 (a) Intravenous pyelogram and Lasix (furosemide) renal scan in a child with prune belly syndrome 
(top). Note the anatomic definition of the renal scan (bottom) and adequate drainage of the upper collecting system 
(graph). Renal function was normal. 


demonstrate significant obstruction.?? A dimercapto- oxygenation with or without dialysis), patients with 
succinic (DMSA) acid renal scan is performed rather category I disease associated with prenatal oligohy- 
than an intravenous pyelogram (IVP) to evaluate dramnios and postnatal pulmonary hypoplasia usually 
renal size, tubular mass, and differential function. die in the immediate postnatal period due to pul- 
Longitudinal studies are invaluable to assess renal monary complications. In those few infants surviving 
growth and scarring, as these patients require long- the pulmonary insult, high urinary diversion by cuta- 
term follow-up.!48 neous pyelostomy has been attempted to provide 


optimal urinary drainage.°! Unfortunately, recovery 
of renal function is not usually possible as a result of 


Patient management severe underlying renal dysplasia. 
Patients with category II involvement are serially 
The overall goals of initial management are to pre- monitored for infection and a decrease in renal func- 
serve renal function and prevent infection. The attain- tion. These infants and children are placed on long- 
ment of these goals is possible via a variety of term prophylactic antibiotics. With documentation of 
therapeutic approaches, which range from watchful infection, failure of adequate renal growth, or decreas- 
waiting to immediate surgical reconstruction of the ing renal function, aggressive reconstruction of the uri- 
urinary tract. 1722:27 nary tract is pursued. To allow pulmonary maturation, 
Early surgical intervention in the neonate is surgical reconstruction is usually delayed until the 
avoided, unless a rising creatinine or infection inter- infant is 3 months of age or more. Our approach 
venes, requiring early vesicostomy. Unless salvaged involves a surgical remodeling to eliminate urinary 


by extraordinary means (extracorporeal membrane stasis and vesicoureteral reflux, and promote optimal 
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Figure 64.15 (b) Cystogram and Lasix renal scan with glomerular filtration rate (GFR) in a patient with poor renal 
function. The scan demonstrates adequate drainage, but a solitary kidney functions poorly (GFR = 15.3 ml/min/ 


1.73 m2). 


urinary drainage (Figures 64.16 and 64.17).” If renal 
insufficiency is severe or infection is initially present, 
a period of urinary diversion by means of cutaneous 
vesicostomy is recommended.!#? Cutaneous ureteros- 
tomies probably add little to improve drainage. In addi- 
tion, the upper ureter is anatomically and histologically 
the most normal and should be preserved if later tai- 
lored reconstruction is elected.7%.°° Combining urinary 
tract reconstruction, orchidopexy, and abdominoplasty 
at or prior to 1 year of age is our preferred approach. 
This optimizes the potential for improved urinary 
drainage, as well as addressing the issues of subsequent 
fertility and psychological well-being.”? 

Patients with category HI prune belly syndrome 
demonstrate good renal function, despite gross dilata- 


tion of the upper and lower urinary tract and consti- 
tute the majority of patients. Serial assessment of 
renal function by selective imaging techniques is per- 
formed. Surgical intervention to reconstruct the uri- 
nary tract is not usually necessary. Antibiotic 
prophylaxis is recommended. Development of urinary 
infections or decrease in renal function mandates uro- 
dynamic assessment of the urinary tract. The demon- 
stration of significant residual urine with unbalanced 
voiding warrants surgical intervention to promote 
emptying. 85.88 Upper tract stasis should be evaluated 
and a Whitaker test performed, if necessary, to rule 
out obstruction.!5° The results of these specific tests 
will help determine the type of surgical intervention. 
These patients benefit from early orchidopexy and 
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Figure 64.16 (a-e) Surgical technique used for extensive reconstruction of prune belly uropathy. The operation is 
performed transperitoneally. No attempt is made to straighten the lower ureter, inasmuch as only the upper portion 
of the ureter is needed for reimplantation. The ureter may require tapering. The dome of the bladder is excised (b; 
dotted line) in most patients. Ureteral stents (not shown) are used; nephrostomy tubes are rarely required. 


abdominoplasty, as correction of the abdominal wall 
may improve defecation and voiding efficiency.!5! 


Anesthetic considerations 


The patient with prune belly syndrome presents 
unique problems to the anesthesiologist. Several 
reports have commented on respiratory difficulties 
due to the abnormal mechanics of pulmonary ventila- 
tion. The deficient abdominal musculature weakens 
the ability to cough effectively and predisposes these 


patients to postoperative atelectasis and infection. 15? 


In one case, prolonged, postoperative ventilation was 
necessary to effectively clear secretions and adequately 
oxygenate the patient.!5? In a review of 36 patients 
with prune belly syndrome, postoperative respiratory 
infection developed following eight of 133 anesthet- 
ics, all of which resolved with antibiotics and physio- 
therapy.!5+ There were no intraoperative respiratory 
difficulties. Three deaths occurred in the postopera- 
tive period, one of which was partially due to pneu- 
monia, as a result of ineffective cough. 


Prune belly syndrome 1101 


Figure 64.17 (a and b) Intravenous pyelogram (two views) obtained postoperatively in a child with prune belly 
syndrome after a single, comprehensive surgical reconstruction. 


All patients with prune belly syndrome require 
careful preoperative pulmonary assessment. An 
antecedent history of recurrent respiratory infections 
warrants aggressive physiotherapy, postural drainage, 
and intermittent positive pressure breathing treat- 
ments. Specific antibiotic therapy should be given.1°? 
Judicious use of postoperative analgesics, which may 
produce respiratory depression, is advised. 


Operative interventions in prune belly 
syndrome 


Vesicourethral dysfunction 
Internal urethrotomy 


In rare cases, an internal urethrotomy is indicated in 
patients with an anatomic urethral obstruction. At the 
junction of the prostatic and membranous urethra, a 
‘type ¥ valve may be present. This redundancy partially 
obstructs the membranous urethra. A transurethral 


incision at the 12 o’clock position has been advised to 
improve voiding and decrease residual urine. 155 

Urodynamic assessment, including pressure-flow 
studies, in patients with prune belly syndrome may 
prove valuable.>?85 The demonstration of residual 
urine with infection indicates the need for further 
testing. If a low flow rate is associated with significant 
residual urine and normal voiding pressure, then 
intervention to lower urethral resistance is war- 
ranted.8> Endoscopic urethrotomy by hot or cold 
knife, to decrease outlet resistance, was successful in 
10 of 11 cases in improving emptying.!®° Most 
authors that advocate minimal surgical intervention 
stress the need to closely monitor patients in follow- 
up. Assessment of lower urinary tract dynamics, rou- 
tine urinary flow rates, and the amount of residual 
urine are monitored with follow-up. Internal urethro- 
tomy is a potential first step to balanced voiding, but 
clean intermittent catheterization should be consid- 
ered if the urodynamic criteria of outlet obstruction 
are not present.?7:85.156,157 
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Vesicostomy 


When the patient’s condition is complicated by uri- 
nary infection or deteriorating renal function in the 
perinatal period, a cutaneous vesicostomy is the 
drainage procedure of choice.*-!58 This provides a 
vent that decompresses the entire urinary tract. The 
vesicostomy is performed through a small transverse 
incision midway between the umbilicus and the pubic 
symphysis. The rectus fascia is incised and a small 
amount of it and the skin removed. The dome of the 
bladder is mobilized and brought to the skin. The 
wall of the bladder is sewn to the fascia and matured 
to the skin. A generous stoma is advocated to prevent 
stomal stenosis.22 A urachal diverticulum can be 
excised, if present. The vesicostomy can serve as an 
initial temporary drainage procedure prior to more 
extensive reconstruction.}5? A potential disadvantage 
is ineffective drainage of the redundant, tortuous, 
upper ureters or an associated ureteropelvic junction 
obstruction. These are unlikely, as true supravesical 
obstruction is rarely a component of prune belly syn- 
drome. 


Reduction cystoplasty 


Reduction cystoplasty has been suggested in order to 
reduce volume and improve emptying.”” Bladder vol- 
umes in excess of 3 L have been recorded in children 
with prune belly syndrome. Concomitant removal 
of a dilated urachal diverticulum, which contributes 
to inefficient voiding, is performed. According to the 
law of LaPlace, a spherical shape of the bladder 
should allow maximal intravesical pressure with each 
detrusor contraction. A variety of techniques to 
reduce bladder volume and produce a more efficient 
spherical shape have been proposed.32-97-160 Ą vest- 
over-pants closure of the bladder wall after removal of 
bladder epithelial strips or simple resection and water- 
tight closure have been performed in the majority of 
cases. 

Reduction cystoplasty has clinically resulted in 
fewer hospitalizations for urinary infections and ini- 
tially improved voiding. However, the long-term 
bladder capacity and voiding efficiency were not 
improved.!6! Comparison of urodynamic voiding 
parameters between reconstructed voiding patients 
and non-reconstructed voiding patients did not show 
significant differences. Consequently, some authors 
do not recommend reduction cystoplasty in light of 
the effective and safe application of clean intermittent 
catheterization, except for the removal of a urachal 
pseudodiverticulum.°?-!57 


Anterior urethra 


Prune belly syndrome is associated with microurethra 
and megalourethra. Utilization of the unused ‘micro’ 
anterior urethra is advocated. Successful progressive 
soft dilatation of the urethra with normal voiding has 
been reported.!°? If the anterior urethra is not usable, 
urethroplasty techniques combining skin flaps and 
grafts are necessary to bridge the anterior urethral 
defect. Megalourethra can be repaired by application 
of hypospadias operative techniques. 


Upper urinary tract 


Vesicoureteral dysfunction 


Vesicoureteral dysfunction is manifested most com- 
monly as vesicoureteral reflux, occurring in up to 
85% of patients. Ureteral valves and ureterovesical 
junction obstruction have been described.?* Both 
conditions potentially contribute to urinary stasis and 
increased risk of infection. The indications for surgi- 
cal correction of obstructing lesions should be based 
on the demonstration of decreasing renal function, 
infection, or a positive Whitaker test. 

Surgery to repair vesicoureteral reflux has been con- 
tested because of the poor peristaltic activity of the 
ureters and their dissipation of voiding pressure due to 
increased capacity. Observation of prune belly 
patients who remain infection free on prophylactic 
antibiotics has confirmed preservation of renal func- 
tion.7688 When urinary infection becomes problem- 
atic, correction of reflux and reduction of urinary stasis 
become necessary. Formal tapering and reimplanta- 
tion, as well as ureteral imbrication, have been used as 
part of the comprehensive approach to management.?? 
We found no difference in the complication rate with 
either procedure, and 9 of 13 patients had successful 
elimination of thei reflux. Ureteral imbrication may 
produce fewer problems with stenosis.? However, the 
imbricated ureter is very bulky and requires a long, 
wide subepithelial tunnel for reimplantation. 

Temporary diversion of the upper tract by 
pyelostomy or ureterostomy is rarely necessary. Vesi- 
costomy is preferred, but in those neonates with unre- 
sponsive urosepsis, high diversion to optimize 
drainage may be required. 


Comprehensive reconstruction 


Comprehensive recontruction in the prune belly 
patient involves reduction cystoplasty, resection of the 
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Figure 64.18 (a) Both ureters have been mobilized prior to reimplantation and tapering. (b) The ureter is closed in 


two layers with a running, locking suture. 


distal ureter, and bilateral ureteral tapered reimplanta- 
tion (see Figure 64.16). Reconstruction may be com- 
bined with the performance of the abdominoplasty 
and bilateral orchidopexy, usually prior to 2 years of 
age.?30 This aggressive approach was utilized in 15 
patients in our series. Serial measurements of creati- 
nine up to 13 years later documented preservation of 
renal function.”? Vesicoureteral reflux was corrected 
in 9 of 13 patients and improved in three patients. 
Because of the known urinary stasis that occurs in 
these children, all are maintained on antibiotic pro- 
phylaxis. Therefore, our ability to decrease urinary 
infection cannot be totally attributed to the surgical 
result. 

Complete surgical reconstruction, as reported by 
Denes et al, involved abdominoplasty, urinary tract 
reconstruction, and orchiopexy in a select group of 32 
patients. A morbidity rate of 18.7% and a reoperation 
rate of 15.6% was reported. Thirty of 32 patients 
demonstrated stable or improved renal function at a 
mean follow-up of 5 years.!6 

Our proposed surgical approach is similar to that 
proposed by Woodward (see Figure 64.16). A wide 
lower abdominal incision is made that extends from 
the tip of the 12th rib, along the anterior superior 
iliac spine to the pubis and then curves upward to the 
opposite 12th rib.!!° This tends to spare the segmen- 
tal nerve and vascular supply of the abdominal wall 
left for reconstruction. In addition, at the time of exci- 
sion of the redundant abdominal wall, that portion 
with the most muscle fibers is preserved. The expo- 
sure of the urinary tract provided with this incision is 
exceptional and plays a role in our decision to recon- 
struct the urinary tract. 

The posterior peritoneum is incised along the 
length of the ureters. The spermatic vessels are mobi- 


lized distally, care being taken not to compromise the 
peritoneal attachments of the vas deferens if a 
Fowler—-Stephens orchidopexy is required. The blad- 
der is opened in the midline with cautery. The later- 
ally placed ureteral orifices are recognized and each 
ureter is mobilized. The extreme length of the mobi- 
lized ureters allows for resection of its distal third, 
usually the most abnormal portion. Formal tapering 
or imbrication is performed (Figure 64.18).163-164 
The ureters are then reimplanted, using a transtrigo- 
nal or Politano—Leadbetter technique. Stenting of the 
operated ureters is performed and these are brought 
out through the bladder and separate abdominal inci- 
sions. 

Prior to reduction cystoplasty, the testes are mobi- 
lized with a wide apron of posterior peritoneum 
(Figure 64.19). If the reconstruction is performed 
prior to 2 years of age, a standard orchidopexy with 
intact spermatic vessels can be performed in 80% of 
cases.?!2? Otherwise, a delayed or formal Fowler- 
Stephens orchidopexy will be necessary. 165 

The bladder is reduced in size by resection of the 
urachal remnant and the huge bladder dome. A strip 
of bladder epithelium can be removed from one of the 
lateral walls and closed by the vest-over-pants tech- 
nique. The bladder is drained with a Malecot catheter. 
The previously mobilized testes are brought up 
through the distal abdominal wall at the pubic tuber- 
cle. A dartos pouch is created in the scrotum and each 
testis is secured in the pouch with permanent sutures. 

The redundant abdominal wall is then held taut and 
marked in the midline and laterally at the costoverte- 
bral angles to outline the tissue to be excised (Figure 
64.20).146 Avoidance of removal of excessive 
amounts of abdominal wall is critical. The second line 
of incision parallels the previous incision. A large 


1104 Clinical pediatric urology 


Figure 64.19 (a) The widely mobilized peritoneum with intact spermatic vessels (arrows) ensures good blood supply 
to the testis. (b) Achieving adequate length to secure the testes in the scrotum is usually not difficult in the child less 
than 2 years of age. 


Tip of 


Anterior 
superior 
iliac Spine 


(a) 


(c) (d) 
Figure 64.20 Technique of Randolph abdominoplasty. (a) A curvilinear incision extends from the tip of the 12th rib, 
along the anterior superior iliac spine to the pubic tubercle and onto the opposite 12th rib. (b) A parallel incision is 
made, avoiding removal of too much abdominal wall. (c) Rhomboid-like pieces of abdominal wall are removed. (d) 
Critical non-absorbable sutures are placed at the anterior iliac spines and pubic tubercle. These are placed through 


full thickness of the abdominal wall including the periosteum. 
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wedge of full-thickness abdominal wall is removed. 
The closure of the abdominal wall is commenced by 
placement of key sutures of 0 or 1-0 non-absorbable 
sutures at the anterior iliac spines and at each pubic 
tubercle. These sutures should include the periosteum 
of the bone and a full thickness of the proximal 
opposing tissue edge. The tension created occasion- 
ally allows for removal of additional lateral redundant 
abdominal wall. Each section between the key sutures 
is closed with interrupted sutures apposing the full 
thickness of the abdominal tissue. The subcutaneous 
tissue is closed to prevent dead space and the skin is 
approximated with a subcuticular absorbable suture. 

All patients undergo preoperative enemas to clear 
the colon, and require good bowel decompression 
postoperatively. Postoperative abdominal distention 
must be avoided and a rectal tube placed during 
surgery is often valuable. 


Cryptorchidism 


The early correction of the cryptorchid intra-abdomi- 
nal testes by a transabdominal approach is recom- 
mended to optimize spermatogenesis, facilitate 
examination for testicular malignancy, and improve 
testicular salvage. If orchidopexy is performed in the 
first year of life, a standard technique with preserva- 
tion of the spermatic vessels can usually be performed. 
Orchidopexy in older children frequently requires 
division of the spermatic vessels, with results based on 
a one- or two-stage Fowler—Stevens technique. 166-168 
To avoid atrophy, a broad, peritoneal pedicle mobi- 
lized with the long-looping vas, combined with early 
ligation of the spermatic vessels above the point of 
confluence of the vas and spermatic artery, is recom- 
mended.!°? Utilizing this two-stage approach, an 
80-83% success rate for intra-abdominal testes has 
been attained.166-167 Overall, successful orchidopexy 
can be expected in the majority of patients. Open and 
laparoscopic techniques have been described with 
similar results.165-170.171 Orchiopexy can be per- 
formed at the time of comprehensive reconstruction 
with a high success rate. 16:21,22,29 

Microvascular testicular autotransplantation has 
been utilized in patients with prune belly syndrome. 
The spermatic vessels are anastomosed to the inferior 
epigastric vessels, with microsurgical vascular tech- 
niques.!7* This has normally been performed in older 
patients as a last salvage effort.!5? Prior to 1999, all 
boys with prune belly syndrome were considered 
infertile. However, with recent advances in male 
factor infertility and assisted reproductive techniques, 


the first assisted conception of a man with prune belly 
syndrome was reported.!!% Consequently, an early 
orchiopexy to preserve spermatogonia and testicular 
function in these patients is warranted. 


Abdominal wall reconstruction 


Abdominal wall reconstruction has a significant role 
in the treatment of patients with prune belly syn- 
drome. Abdominoplasty had previously been per- 
formed to improve body image, self-esteem, and 
psychological well-being.*°.#! Recent studies suggest 
that the improved abdominal contour, with reposi- 
tioning of the most functional musculature, improves 
voiding efficiency.!°!5! The decrease in residual 
urine has obvious benefit in the prevention of urinary 
infection. In addition, abdominoplasty was subjec- 
tively felt to improve defecation and sensation of 
bladder fullness. 

The surgical approaches to performance of the 
abdominoplasty are based on preservation of the lat- 
eral and upper parts of the abdominal wall, the sites 
of most normal musculature. Our experience has been 
quite positive with the cosmetic and functional results 
provided by the abdominoplasty as described by Ran- 
dolph et al.1!© This technique excises the most abnor- 
mal segment of redundant abdominal wall, provides 
excellent exposure for urinary reconstruction and 
orchidopexy, and preserves segmental motor nerves 
to the retained abdominal musculature. In 16 patients 
where this technique was utilized, nine had an excel- 
lent cosmetic improvement in abdominal contour, 
and in seven a slight protuberance remained. There 
were no serious complications related to the 
(Figures 64.20 and 
64.21). The major criticisms of this technique are 
that it does not improve abdominal wall thickness, 


abdominoplasty procedure 


and lateral bulging is not completely eliminated. 
However, this technique has been favored by a 
number of surgeons.*-? 

The surgical approach to abdominal wall recon- 
struction, utilizing a midline incision with extensive 
subcutaneous dissection and a pants-over-vest closure 
has been described (Figures 64.22 and 64.23).173174 
This technique preserves the umbilicus, uses the full 
thickness of abdominal wall, and provides narrowing 
at the waist. Excellent cosmetic results with a high 
degree of patient satisfaction have been reported with 
both the Ehrlich and Monfort techniques (Figure 
64.24) .31173-175 An adaptation utilizing an extraperi- 
toneal plication of the abdominal wall through a mid- 
line incision decreases the extent of facial dissection, 
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Figure 64.21 (a,b) Preoperative and immediate post- 
operative results of Randolph abdominoplasty. (c-e) 
Preoperative, postoperative, and 18 months following 
Randolph abdominoplasty in a 9-month-old-child. 


avoids entering the peritoneal cavity and, decreases 
postoperative recovery time.!7° This simplification 
seems most appropriate for patients not requiring 
other concomitant surgical procedures. A modifica- 
tion of the Monfort abdominoplasty includes a 
neoumbilical modification to provide a normal 
anatomic placement of the umbilicus.!77 

Other treatment possibilities include abdominal 
binders and elasticized corsets (Figure 64.25). These 
aids do not address the psychological implications of 
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Figure 64.22 Ehrlich abdominoplasty. (a) Sharp dissection separates the skin and subcutaneous tissue from the 
musculofascial layer. (b-d) A ‘vest-over-pants’ closure of the musculofascial layers. The umbilicus can be saved on 
a separate pedicle. (e) The excess abdominal skin is removed. (Reproduced from Ehrlich et al,173 with permission 
from Williams & Wilkins.) 


(d) 


Figure 64.23 Monfort abdominoplasty. (a) An almond-shaped incision is made on the abdomen from the xyphoid 
to the pubic symphysis. (b) The full thickness of skin is removed, sparing the umbilicus. (c) The peritoneum is 
opened lateral to the musculofascial layer. Intra-abdominal surgery can be easily performed through these incisions. 
(d) The parietal peritoneum is incised at a level to achieve a normal-appearing waistline. (e) The edges of the mus- 
culofascial plate are sewn to the peritoneal incisions. (f) The lateral skin flaps are trimmed and sutured together in 
the midline. (From Monfort et al,174 with permission from Williams & Wilkins.) 
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Figure 64.24 (a) Preoperative depiction of a 2-year-old child with bilateral cutaneous loop ureterostomies prior to 
comprehensive surgical reconstruction. (b) Same child after comprehensive reconstruction of the urinary tract and 
Monfort abdominoplasty. (Courtesy of George W Kaplan MD.) 


the abdominal disfigurement, which have generally 
been ignored in the past.!7* The importance of body 
image during the formative years of childhood cannot 
be overestimated. The abdominoplasty provides these 
males with freedom from abdominal binders, a more 
natural waisted physique, ability to wear normal 
pants, and participate in sports.?? 


Renal transplantation 


Progressive renal insufficiency resulting from renal 
dysplasia, reflux nephropathy, and 
pyelonephritis can be successfully treated by renal 
transplantation. Renal transplantation in patients 
with prune belly syndrome was first reported in 
1976.178 The age at transplantation has ranged from 
8 months to 21 years of age.17°180 Both cadaver and 
living-related donor kidneys have been successfully 
transplanted. In a retrospective review of eight 
patients with prune belly syndrome who underwent 
transplantation, there was no statistically significant 


recurrent 


difference in patient deaths, graft survival, or graft 
function when compared with age-matched con- 
trols.!8° A more recent retrospective analysis of graft 
survival at 10 years of 47% was not statistically sig- 
nificantly different from age-matched controlled 
patients.!®! The success of renal transplantation was 
in part attributed to the low-pressure urine storage 
provided by the bladder in prune belly syndrome. 1%? 
Prior to transplantation, bilateral nephroureterec- 
tomies were performed in all reported cases. Radi- 
ographic and urodynamic assessment of the lower 
urinary tract is recommended to insure absence of 
obstruction and balanced voiding.!®* The use of clean 
intermittent catheterization to empty the decompen- 
sated bladder is not a contraindication to renal trans- 
plantation.!8°184 All patients should be kept on 
antibiotic prophylaxis. An unusual complication of 
transplantation in prune belly syndrome is allograft tor- 
sion.!85 The torsion, with resultant graft loss, is a result 
of lack of abdominal wall tone. Nephropexy has been 
recommended to avoid this disastrous complication. 
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Figure 64.25 A 4-year-old boy with prune belly syndrome, (a) with and (b) without his elasticized corset. 


Conclusions 


The treatment of prune belly syndrome has become 
refined as a result of significant improvements in 
antibiotic therapy, diagnostic capabilities, urody- 
namic assessment of the urinary tract, and our under- 
standing of the natural history of the disease. Given 
the wide spectrum of disease, each patient requires 
individualized management. When infection and 
stasis compromise renal growth or function, aggres- 
sive surgical intervention to promote drainage is 
advised. Because of the changing urodynamic condi- 
tion of the lower urinary tract and its effects on renal 
function and urinary infection, all patients with prune 
belly syndrome require careful lifelong urologic sur- 
veillance. 
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SECTION VI 


Urethra, External 
Genitalia, and 
Retroperitoneum 


Basic science of the genitalia 


Laurence S Baskin 


Introduction 


Genital anomalies are the most common birth defects 
with the exception of cardiac malformations. 
Hypospadias is defined as an arrest in normal develop- 
ment of the urethra, foreskin, and ventral aspect of the 
penis; it is the most common genital anomaly, occur- 
ring in approximately 1:250 newborns or roughly 1 
out of 125 live male births.! Hypospadias results in a 
wide range of abnormalities, with the urethral opening 
located anywhere along the shaft of the penis, within 
the scrotum or even in the perineum (Figure 65.la-c). 


65 


Hypospadias is also associated with ventral penile cur- 
vature (chordee). Left uncorrected, patients with 
severe hypospadias may need to sit down to void and 
tend to shun intimate relationships because of fears 
related to abnormal sexuality. Babies born with severe 
hypospadias and penile curvature may have ‘ambigu- 
ous genitalia’ in the newborn period, making an 
immediate and accurate sex assignment difficult. 
Epispadias is a urethral defect on the dorsal aspect 
of the penis (Figure 65.1d). Epispadias is associated 
with a short penis, dorsal penile curvature, and, in the 
most severe forms, bladder exstrophy. Females (as 


f 
iy 


Figure 65.1 Genital abnormalities: (a) distal hypospadias; (b) scrotal hypospadias; (c) perineal hypospadias sec- 
ondary to type II 5a-reductase deficiency; (d) epispadias; (e) penile duplication anomaly; (f) Complete duplication 


of the female external genitalia. 
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Figure 65.2 Sex-determining genes involved in testes 


and ovarian development. 


well as males) can also suffer from these genital anom- 
alies, and others such as genital duplication or mal- 
formations, but these problems are extremely rare 
(Figure 65.le,f). To understand abnormal develop- 
ment of the external genitalia requires a concise 
knowledge of normal genital development. 


Normal sexual differentiation 


Chromosomal sex 


The genetic material necessary for the development of 
the male phenotype is normally located on the short 


Cholesterol 


| StAr (20,22 Desmolase) 


Glucocorticoids 


Aldosterone 


arm of the Y chromosome. The critical gene or sex- 
determining region on the Y chromosome is known 
as the SRY region.” The gene products of the SRY 
genetic cascade will subsequently direct the develop- 
ment of the testis by interacting with multiple other 
genes such as SOX-9. Genetic information that is nec- 
essary for male and female development beyond 
gonadal differentiation is located on the X chromo- 
some and on the autosomes. 


Gonadal differentiation 


The gonads develop from the urogenital ridges 
(Figure 65.2), which are formed during the 4th week 
of gestation by the proliferation of the coelomic 
epithelium and condensation of the underlying mes- 
enchyme along the mesonephros. The germ cells 
located in the endoderm of the yolk sac migrate to the 
genital ridges. At the early stage of development the 
gonad is bipotential, capable of forming into either a 
testis or ovary. During the 6th to 7th week of gesta- 
tion, at least four different genes — Wilms’ tumor sup- 
pressor gene (WT-1), Fushi-Tarza factor-1 (FTZ-F1) 
steroidogenic factor-1 (SF-1), and LIM-1 — induce the 
development of the testis. The primordial germ cells 
differentiate into the Sertoli cells and associated 
Leydig cells, which aggregate into spermatogenic 
cords. Loose mesenchymal tissue condenses into a 
thick layer, the tunica albuginea, that surrounds the 
testis and separates it from the coelomic epithelium, 


17 OH Pregnenolone ————> Dehydroepiandrosterone t———» Androstenediol 


178-HSD 
| 38-HsD I 38-HSD | 38-HSD 
17 OH Progesterone ————> Androstenedione ———___> 
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21a-H | 19A Ton 
11-Deoxycortisol Estrone > | Estradiol | 
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Sex steroids 


Figure 65.3 Pathway of steroid hormone biosynthesis and possible enzyme deficiencies: 3B-HSD = 3B-hydroxy- 
steroid dehydrogenase; 17a-H = 17a-hydroxylase; 210-H = 210-hydroxylase; 11B-H = 118-hydroxylase; 17, 20 L = 
17, 20-lyase; 17B-HSD = 17B-hydroxysteroid dehydrogenase; 18 HAS = 18-hydroxyaldosterone synthetase; 18 
OAS = 18 oxidase-aldosterone synthetase, 5a-R = 5a-reductase; 19 A = 19-aromatase. 
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thereby preventing further migration of mesonephric 
cells into the testis. 

Classic teaching is that the female phenotype is the 
default developmental pathway in the absence of the 
SRY cascade. It is now known that at least one gene 
— dosage sensitive sex reversal (DAX-1) — is essential 
for ovarian development. DAX-1 is located on the 
short arm of the X chromosome. The gene products 
of SRY and DAX-] compete to stimulate the 
steroidogenic acute regulatory protein (StAR). The 
StAR protein is the first step in steroidogenesis, facil- 
itating the conversion of cholesterol to pregnenolone 
(Figure 65.3). In the normal XY male, SRY over- 
whelms the one functional DAX-I gene, stimulating 
testicular development and subsequent testosterone 
production. In the normal XX female, two DAX-1 
genes are present without the competitive SRY, 
down-regulating StAR and hence inhibiting testicular 
development, which results in ovarian development. 
In the fetal ovaries, the germ cells differentiate and are 
arrested in the last phase of meiotic prophase, form- 
ing the oocytes. The cells in the genital ridges develop 
into granulosa cells, which surround the oocytes and 
complete the formation of the ovaries. 


Hormones 


At 3.5 weeks’ gestation, the wolffian system appears 
as two longitudinal ducts connecting cranially to the 
mesonephros and caudually draining into the urogen- 
ital sinus (Figure 65.4). At approximately the 6th 
week of gestation, the miillerian duct develops as an 
evagination in the coelomic epithelium just lateral to 
the wolffian duct. 

During the 8th—-9th week of gestation Sertoli cells 
of the fetal testis secrete a glycoprotein, miillerian- 
inhibiting substance (MIS) or anti-miillerian hor- 
mone. This protein induces the regression of the 
miillerian ducts through the dissolution of the base- 
ment membrane and condensation of mesenchymal 
cells around the miillerian duct. Because MIS acts 
locally, miillerian duct regression occurs only on the 
ipsilateral side of the fetal testis, producing this hor- 
mone. MIS also induces the formation of seminifer- 
ous tubules and further differentiation of the testis. At 
the 9th or 10th week of gestation, the Leydig cells 
appear in the testis and begin to synthesize testos- 
terone. This hormone transforms the wolffian duct 
into the male genital tract, which is completed by the 
end of the 11th week of gestation. 

Beginning in the 9th week of gestation, testos- 
terone also induces the development of the external 


Wolffian Millerian 


Figure 65.4 Schematic of male (wolffian) and female 
(mullerian) internal and external genital development 
from a common origin. 


genitalia (Figure 65.5) from the genital tubercle, uro- 
genital sinus, and genital swellings. At the molecular 
level, testosterone is converted to 5c-dihydrotestos- 
terone (DHT) by the microsomal enzyme, type 2 50- 
reductase, which is responsible for complete 
differentiation of the penis with a male-type urethra 
and glans. Testosterone dissociates from its carrier 
proteins in the plasma and enters cells via passive dif- 
fusion. Once in the cell, testosterone binds to the 
androgen receptor (AR) and induces changes in con- 
formation, protecting it from degradation by prote- 
olytic enzymes. This conformational change is also 
required for AR dimerization, DNA binding, and 
transcriptional activation, which are all necessary for 
testosterone to be expressed. Androgen binding also 
displaces heat shock proteins, possibly relieving con- 
straints on receptor dimerization or DNA binding. 
After entering the nucleus, the AR complex then 
binds androgen response element DNA regulatory 
sequences within the androgen responsive genes and 
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Figure 65.5 Differentiation of the male and female external genitalia from the indifferent stage to full differentiation 


(8-16 weeks). 


activates them. DHT also binds the AR, with greater 
androgenic activity than testosterone, in part because 
of its slow dissociation rate from the AR. 

DHT then binds to nuclear receptors, forming a 
complex that regulates the transformation of these tis- 
sues into the glans penis, penile and cavernous ure- 
thra, Cowper’s glands, prostate, and scrotum. At the 
28th—-37th week of gestation, testicular descent into 
the scrotum begins. Although its mechanism is not 
completely understood, it is clearly an androgen- 
dependent-process. 

The female internal genitalia develop from the miil- 
lerian ducts. Without the hormones produced by the 
testis, the wolffian ducts regress at the 9th week of 
gestation. At the same time, the miillerian ducts begin 
to differentiate; the cranial portions form the fallop- 
ian tubes, while the caudal portions fuse to form the 
uterus, cervix, and the upper portion of the vagina. 


Concurrently, the external genitalia, defined as the 
lower portion of the vagina, the vestibule, Bartholin’s 
and Skene’s glands, the clitoris, and labia minora and 
majora, develop from the urogenital sinus and genital 
tubercles. Like the testis, the ovary undergoes a par- 
tial transabdominal descent. However, transinguinal 
descent of the ovary does not occur, leaving the 
ovaries just below the rim of the true pelvis. The role 
of estrogen in the differentiation of the female phe- 
notype is unclear. 


Embryology: development of the male 
external urogenital system 


Formation of the external male genitalia is a complex 
developmental process involving genetic program- 
ming, cell differentiation, hormonal signaling, 
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Figure 65.6 Male human fetal external genitalia during 
gestation. (a) At 11 weeks’ gestation, note the urethra 
is open and the urethral fold (uf) and groove are promi- 
nent in the transillumination view of the phallus. (6) At 
16.5 weeks’ gestation, note the normal ventral curva- 
ture (vc) is shown and the foreskin, which is almost 
completely formed. (c) At 20 weeks’ gestation, penile 
and urethral development looks complete, with the 
prepuce covering glans and the penile curvature 
resolving. (d) At 24 weeks, the prepuce covers the 
whole glans; note the midline seam (ms). Note the pro- 
gression of natural curvature to a straight phallus 
during development. 


enzyme activity, and tissue remodeling.’ By the end 
of the 1st month of gestation, the hindgut and future 
urogenital system reach the ventral surface of the 
embryo at the cloacal membrane.* The cloacal mem- 
brane divides the urorectal septum into a posterior, or 
anal half, and an anterior half, the urogenital mem- 
brane. Three protuberances appear around the latter. 


Ectodermal ingrowth theory 


The most cephalad is the genital tubercle. The other 
two, the genital swellings, flank the urogenital mem- 
brane on each side. Up to this point, the male and 
female genitalia are indistinguishable. Under the 
influence of testosterone in response to a surge of 
luteinizing hormone from the pituitary, masculiniza- 
tion of the external genitalia takes place (see Figure 
65.5). One of the first signs of masculinization is an 
increase in the distance between the anus and the gen- 
ital structures, followed by elongation of the phallus, 
formation of the penile urethra from the urethral 
groove, and development of the prepuce.>° 

At 8 weeks’ gestation the external genitalia remain 
in the indifferent stage (see Figure 65.5). The ure- 
thral groove on the ventral surface of the phallus is 
between the paired urethral folds (Figure 65.6). The 
penile urethra forms as a result of fusion of the 
medial edges of the endodermal urethral folds. The 
ectodermal edges of the urethral groove fuse to form 
the median raphe. By 12 weeks the coronal sulcus 
separates the glans from the shaft of the penis. The 
urethral folds have completely fused in the midline 
on the ventrum of the penile shaft. During the 16th 
week of gestation the glandular urethra appears. The 
mechanism of the glandular urethral formation 
remains controversial. Evidence suggests two possi- 
ble explanations: endodermal cellular differentiation 
or primary intrusion of the ectodermal tissue from 
the glans (Figure 65.7). 


Endodermal differentiation theory 
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Figure 65.7 Theories of human penile urethral development. The ectodermal ingrowth theory, as described in most 
textbooks of embryology, postulates that the glandular urethra is formed by ingrowth of epidermis. More recent 
data support the formation of the entire urethra via endodermal differentiation alone. 
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Anatomic and immunohistochemical studies advo- 
cate the new theory of endodermal differentiation, 
which shows that epithelium of the entire urethra is of 
urogenital sinus origin.” The entire male urethra, 
including the glandular urethra, is formed by dorsal 
growth of the urethral plate into the genital tubercle 
and ventral growth and fusion of the urethral folds. 
Under proper mesenchymal induction, urothelium 
has the ability to differentiate into a stratified squa- 
mous phenotype with characteristic keratin staining, 
thereby explaining the cell type of the glans penis.® 
There is no evidence of an ectodermal ingrowth, as 
was historically proposed (old theory).? 

The future prepuce is forming at the same time as 
the urethra and is dependent on normal urethral 
development. At about 8 weeks’ gestation, low 
preputial folds appear on both sides of the penile 
shaft, which join dorsally to form a flat ridge at the 
proximal edge of the corona. The ridge does not 
entirely encircle the glans because it is blocked on the 
ventrum by incomplete development of the glandular 
urethra. Thus, the preputial fold is transported dis- 
tally by active growth of the mesenchyme between it 
and the glandular lamella. The process continues until 
the preputial fold (foreskin) covers all of the glans 
(see Figure 65.6). The fusion is usually present at 
birth, but subsequent desquamation of the epithelial 
fusion allows the prepuce to retract. If the genital 
folds fail to fuse, the preputial tissues do not form 
ventrally; consequently, in hypospadias, preputial 
tissue is absent on the ventrum and is excessive dor- 


sally. 


Genital malformations 


Unfortunately, to date there is no sound understand- 
ing of the etiology of genital anomalies and specifi- 
cally hypospadias (which is the most common defect) 
that can inform primary prevention efforts and 
improve therapeutics. However, much is known 
about the genetics of hypospadias, hormone require- 
ments for normal development, and environmental 
toxins, and a possible explanation for the increasing 
incidence of hypospadias that has already been noted. 


Genetic impairment 


Uncertainty about the etiology of hypospadias is in 
part a reflection of the complicated and incompletely 
understood molecular and cellular basis for normal 
phallus and urethral development.!° It is well estab- 


lished that the urethral folds fuse during the forma- 
tion of the penile urethra in the 7th-12th week after 
ovulation.* Fusion of the folds eventually leads to a 
fully formed penis, a process that is dependent on the 
synthesis of testosterone by the fetal testis. Adequate 
virilization of the urogenital sinus and external geni- 
talia during embryogenesis is also dependent on the 
conversion of testosterone to DHT by 5a-reductase. 

Increasingly, researchers are examining the role of 
cellular signals other than testosterone and DHT in 
the morphogenesis of the phallus and the etiology of 
hypospadias. Normal embryogenesis of the urogenital 
system depends on epithelial-mesenchymal interac- 
tions, and it has been hypothesized that aberrant sig- 
naling between epithelium and mesenchyme could 
lead to hypospadias.* For example, prostate develop- 
ment requires “testosterone-dependent Sonic hedge- 
hog (Shh) expression in the epithelium of the 
urogenital sinus’.!! In the mouse null for Shh not only 
is penile development inhibited but also there is a 
cloacal defect.!213 Mice null for fibroblast growth 
factor 10 have a proximal urethra opening and a flat- 
tened glans consistent with the hypospadias defect. 1? 
It is likely that researchers may find similar genetic, 
signaling molecules involved in epithelialI-mesenchy- 
mal interactions in the phallus that play a role in its 
development. 

Another area of investigation with respect to the 
etiology of hypospadias is the expression and regula- 
tion of homeobox (Hox) genes. These genes are tran- 
scriptional regulators that play an essential role in 
directing embryonic development. Genes of the Hox 
A and Hox D clusters are expressed in regionalized 
domains along the axis of the urogenital tract. Trans- 
genic mice with loss of function of single Hox A or 
Hox D genes exhibit homeotic transformations and 
impaired morphogenesis of the urogenital tract.!4!7 
Human males with hand—-foot—genital (HFG) syn- 
drome, an autosomal dominant disorder character- 
ized by a mutation in HOXA13, exhibit hypospadias 
of variable severity, suggesting that HOXA13 may be 
important in the normal patterning of the penis? 
Furthermore, recent research has shown that the 
embryonic expression of certain Hox genes is regu- 
lated by hormonal factors.?! Estrogen and the syn- 
thetic estrogen diethylstilbestrol (DES), for example, 
inhibit HOXA9, HOXA10, HOXA11, and HOXA13 
genes in mice. Thus, in addition to defects in Hox 
genes, it is possible that improper regulation or 
expression of hormonal factors during embryogenesis 
could disrupt normal expression of Hox genes and 
lead to reproductive tract anomalies. 
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Hormone receptor impairment 


Studies examining the androgen receptor have yielded 
even less insight into the etiology of hypospadias. In 
fact, a number of studies have concluded that defects 
in the AR or mutations in the AR coding sequence 
are rare in patients with hypospadias.???3 In addition, 
Bentvelsen et al measured AR expression in the fore- 
skins of boys with hypospadias and age-matched con- 
trols and found no significant difference in mean AR 


content.2+ 


Enzyme impairment 


Despite the central role that testosterone plays, 
attempts to ascribe all hypospadias to an underlying 
genetic defect in this pathway have only rarely been 
successful. Holmes et al determined the incidence of 
defects in three major enzymes in the biosynthetic 
pathway of testosterone: 3B-hydroxysteroid dehydro- 
genase, 170-hydroxylase, and 17,20-lyase (see Figure 
65.3). Morning fasting serum samples of preg- 
nenolone, progesterone, 11-deoxycorticosterone, 17- 
hydroxypregnenolone, 17-hydroxyprogesterone, 
11-deoxycortisol, cortisol, dehydroepiandrosterone 
(DHEA), androstenedione, androstenediol, testos- 
terone, and DHT were obtained.?° No significant dif- 
ferences in the androgen precursors and metabolites 
were found between the controls and the individuals 
with hypospadias. The response to adrenocorti- 
cotropic hormone (ACTH) was variable, without a 
significant difference between the patients with differ- 
ent degrees of hypospadias and/or published controls. 
These data indicate that enzymatic defects in the 
steroidogenic steps from cholesterol to DHT are not 
a frequent etiology of hypospadias. 


Environmental factors and endocrine 
disruptors 


In the past, environmental factors were generally 
ruled out as causes for hypospadias.?°?7 More 
recently, multicausality models include environmental 
contaminants to determine the risk of developing a 
given phenotype. For example, familial clustering of 
hypospadias among first-degree relatives has been 
perceived as under the influence of a strong genetic 
and heritable component, but there have been many 
exceptions where genetics were ruled out. More 
recently, it has been suggested that environmental 
influences should be considered as well, taking into 
consideration that families share similar exposure: 
especially in those cases where the effects are the most 


profound, genetic predisposition exacerbated by envi- 
ronmental exposure should be considered.?8:?° 

Attempts to determine risk factors for hypospadias 
have yielded a number of maternal and paternal risk fac- 
tors. Among traditional studies of maternal risk factors 
for congenital anomalies, maternal age and primiparity 
are significantly associated with hypospadias, although 
some studies have contested the maternal age effect.?° 
Paternal risk factors associated with hypospadias include 
abnormalities of the father’s scrotum or testes?? and low 
spermatozoa motility and abnormal sperm morphol- 
ogy.” It has been suggested that the recent increase in 
hypospadias reflects the improvement in fertility treat- 
ment, contributing to more subfertile men fathering 
children. As the authors state, this ‘relaxed-selection 
hypothesis, which states that there is a redistribution in 
the number of children born to fertile and infertile (sub- 
fertile) couples, may account for the increasing number 
of other defects and cancers of male genitalia observed 
today and the fall in sperm counts’.?® 

In addition to parental risk factors, there is strong 
consensus in the literature that boys with hypospadias 
have lower birth weight.?! Fredell et al examined 
hypospadias in discordant monozygotic twins and 
found that the twin with hypospadias weighed 78% 
of the twin without hypospadias. The birth weight 
difference was still significant when compared with 
birth weight difference between healthy monozygotic 
twins. Another study found that boys with hypospa- 
dias have a lower placental weight than control 
boys.?7 A 1995 meta-analysis of first-trumester expo- 
sure to progestins and oral contraceptives did not 
indicate an increased risk of hypospadias.** Exposure 
to DES was excluded in this study. However, a 
number of studies do list gestational exposure to 
progestins as a causal agent. Another recent study 
links a maternal vegetarian diet during pregnancy 
with an increase in the incidence of hypospadias.*# 
This study looked at 51 boys with hypospadias from 
a group of 7928 boys born to mothers taking part in 
the Avon Longitudinal Study of Pregnancy and 
Childhood (ALSPAC). The authors hypothesize that 
vegetarians have a greater exposure to phytoestrogens 
than omnivores. The phytoestrogens may come in the 
form of soy, which is high in isoflavones, or be related 
to endocrine disrupters in pesticides and fertilizers.°4 

Whereas these risk factors do not reveal direct infor- 
mation about the etiology of hypospadias, they pro- 
vide additional information that may reveal a common 
developmental pathway and can inform future 
research. For example, there is growing evidence that 
androgens play a central role in the lower birth weight 
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of girls than boys.** They are also crucial to the devel- 
opment of the male reproductive tract; thus, perhaps 
exposure to an agent that compromises the weight- 
gaining advantage of an androgen during gestation 
could play a role in the development of hypospadias 
and lowered birth weight. 

Increasing rates of hypospadias have paralleled 
reports of other untoward endpoints related to male 
reproductive health, including increases in testicular 
cancer,*° increasing incidence of cryptorchidism, and 
decreasing semen and sperm quality.*” In another 
study, 8% of patients diagnosed with undescended 
testes (n = 252) had urogenital anomalies and over 
50% of those had hypospadias.** The increasing inci- 
dence over the past 50 years of multiple endpoints, co- 
occurring with increasing production and use of 
synthetic chemicals, has raised concerns that environ- 
mental factors may play a role in the etiology of these 
problems.?®3? It is now well documented, from 
wildlife studies and accompanying laboratory data, that 
a number of synthetic and natural chemicals commonly 
found in the environment can mimic or antagonize 
hormones or otherwise interfere with the development 
and function of the endocrine and reproductive sys- 
tems.404! Pregnant mice subjected to in-utero exposure 
to both estrogen and prednisone have been shown to 
develop hypospadias.4? Whether endocrine disruptors 
are having an impact on human male reproductive 
health and on hypospadias in particular is difficult to 
determine.** Regardless, public health agencies world- 
wide are increasingly concerned about endocrine dis- 
ruption and it remains an active area of research. 4446 


Conclusion 


Great strides have been made in understanding the 
molecular mechanism of genital formation. Under- 
standing normal development is necessary to elucidate 
the etiology of abnormalities such as hypospadias. 
Recent work suggests that environmental exposure to 
endocrine disruptors may account for the increase in 
incidence of hypospadias cases. Prevention by reduc- 
ing exposure may be the best strategy to reverse the 
increasing incidence of hypospadias. 
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Basic science of the testis 


Julia Spencer Barthold 


Introduction 


Development of the mammalian gonad is an active 
process in both sexes that requires precise timing and 
coordination of diverse signaling mechanisms.! 
Although the details are not completely understood, 
understanding of this process has surged in recent 
years with routine availability of transgenic mouse 
models and sophisticated techniques for studying 
gene expression. Failure of the normal program due 
to delayed and/or insufficient expression of gene 
products may cause profound, long-term deficiencies 
in testicular function. It has been known for more 
than a decade that the sex-determining region on the 
Y chromosome (SRY) is the switch that triggers testis 
determination.” Subsequent work has identified many 
additional genes that participate in gonadal, testicular 
and/or ovarian development, the complex mecha- 
nisms involved, and the importance of cell-cell inter- 
actions in the development of cell types. Although 
some species differences are apparent, knowledge of 
the basic mechanisms of development will aid in 
understanding the etiology and pathology of testicu- 
lar and sexual differentiation disorders in children, 
such as intersex and other disorders of testicular 
development and descent. 


Gonadal determination 


Formation of the indifferent gonadal ridge anterior to 
the mesonephros begins at 33 days postovulation in 
human fetuses.° Germ cell migration from the extraem- 
bryonic ectoderm to the gonadal ridge is completed by 
about 5 weeks’ gestation.° Expression of two genes 
required for gonadal determination, WT (Wilms’ 
tumor 1) and SFI (steroidogenic factor 1), is present 
by day 32 in both male and female gonads.5 WTI isa 
transcription factor required for normal development 
of the urogenital ridge and for germ cell development. 
Homozygous deletion of Wt] in mice causes failure of 
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gonadal and renal development, whereas selective dele- 
tions affecting production of specific isoforms leads to 
development of ovaries or dysgenic (hypoplastic, 
poorly differentiated, or ‘dysgenetic’) testes in XY 
fetuses’ (Table 66.1). Therefore, Wt1 function is criti- 
cal for stabilization of the gonad but also for testis 
determination via expression of SRY and other down- 
stream testis-determining genes. In man, WTI gene 
mutations are found in the Denys—Drash syndrome, 
Frazier syndrome, and WAGR syndrome (a syndrome 
of Wilms’ tumor, aniridia, genital anomalies, and 
mental retardation), associated with a similar spectrum 
of gonadal disorders ranging from cryptorchidism and 
dysgenic testes without genital ambiguity to gonadal 
dysgenesis (streak gonads with sex reversal).8 

Sfl, another transcription factor with similarly 
global effects on maintenance of the gonadal pri- 
mordium, is also required for development of the 
adrenal, hypothalamus, and pituitary.? Sfl interacts 
with other key transcription factors and regulates 
transcription of other important genes involved in 
development and regulation of the reproductive tracts 
(Figure 66.1), including Sry, Sox9 (SRY-type high- 
mobility group (HMG) box 9), DAX] (dosage-sensi- 
tive sex reversal/adrenal hypoplasia congenita critical 
region on chromosome X), AMH (anti-miillerian 
hormone), and JNSL3 (insulin-like 3), whose func- 
tions are discussed in more detail below. Deletion of 
the murine Sfl gene produces gonadal and adrenal 
agenesis in both XX and XY fetuses as well as 
gonadotropin deficiency.” In man, mutations of SFI 
cause XY gonadal dysgenesis, but are not associated 
with failure of adrenal or ovarian development.!° 

Homozygous deletion of patterning genes with 
more generalized functions during embryogenesis, 
including several homeodomain proteins that function 
as transcriptional regulators such as Emx2 (empty 
spiracles homolog 2),!! Pbxl (pre-B-cell leukemia 
transcription factor 1),!* the LIM (lin-11/Islet-1/mec- 
3) homeobox proteins Lhx1!? and Lhx9!4 and M33215 
(polycomb-like protein/chromobox homolog 2, 
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Table 66.1 Genetic regulation of gonadal development 


Gene 


Function 


Gonadal determination 


Wt7 


Sf1 


Emx2 


Pbx1 


Lhx1 
Lhx9 


M33/Cbx2 


Pod1 
(capsulin/ 
epicardin/ 
Tcf21) 


Igf1r/lr/lrr 


Transcription factor; regulator 
of urogenital ridge and early 
germ cell development 


Transcription factor; regulator 
of gonadal ridge and adrenal 
development 


Homeodomain transcription factor 


Transcription factor 


Homeodomain transcription factor 


Homeodomain transcription factor; 
regulation of SF1 


Regulation of homeotic genes 


Basic helix-loop-helix transcription 
factor; antagonizes SF7 


Insulin receptor tyrosine kinase 
signaling; cell proliferation 


Gonadal development 


Sry 


Sox9 


Sox8 


Transcriptional regulator; initiates 
testis determination 


Transcription factor; Sry target; 
necessary and sufficient for testis 
determination 


Transcription factor; functions 
cooperatively with Sox9 


Gata4/Fog2Transcription factor and cofactor; 


Fgf9 


mediate male and female gonadal 
development 


Fibroblast growth factor receptor 
(FGFR2) signaling; Sertoli cell 
proliferation 


Transgenetic mouse gonadal 
development 


Male Female 


Gonadal/renal agenesis in 
complete knockout 

+KTS isoform knockout: ovaries 
-KTS isoform knockout: gonadal 
dysgenesis 


Gonadal and adrenal agenesis 


Agenesis of kidneys, gonads, 
and reproductive tract 


Agenesis of kidneys, gonads, 
and reproductive tract 


Gonadal/renal agenesis 


Gonadal agenesis 


Ovaries, ovotestes Small ovaries 
or gonadal or ovarian 
dysgenesis agenesis 


Up-regulation of steroidogenic 
cells; disorganization of gonad; 
increased apoptosis; female 
phenotype in XY fetuses 


Ovaries in triple Small ovaries 
homozygotes 
Ovotestes or 


testes in double 


homozygotes 

Gonadal Gain of 

dysgenesis function: 
testis 

Ovary, gonadal Gain of 

dysgenesis or function: 

dysgenic testis testis 

Sox8/Sox9 double NA 

knockout more 

severe than Sox9 

alone 

Gonadal Abnormal 

dysgenesis; ovaries 

dysgenic testis 

Ovary; gonadal Normal 

dysgenesis or ovaries 


dysgenic testis 


Clinical gonadal 
phenotype 


Cryptorchidism, 
dysgenic testis, or 
gonadal dysgenesis 


Gonadal dysgenesis, 
primary adrenal failure 


No gonadal pathology 
reported 


NA 


NA 
NA 


NA 


NA 


NA 


Pure or partial gonadal 
dysgenesis (15-20% of 
cases studied) 
Dysplastic ovary; 
ovotestis or dysgenic 
testis 


NA 


NA 
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Table 66.1 continued 


Gene Function Transgenetic mouse gonadal 
development 
Male Female Clinical gonadal 
phenotype 
Pdgfra Growth factor receptor; mesonephric Disorganization of Normal NA 
cell migration and Leydig cell testis cords; no ovaries 
differentiation Leydig cells 
Arx Homeobox gene; Leydig cell Inhibition of NA Dysgenic testes 
development Leydig cell 
differentiation 
Dhh Desert hedgehog; signaling through Dysgenic testis or Normal Gonadal dysgenesis 
Patched receptor; Leydig cell hypospermato- ovaries 
development genesis; loss of 
Leydig cells 
Dmrt1/ Transcription factors; contain Overproliferation Normal 9p monosomy 
Dmrt2 phylogenetically conserved sex of immature Sertoli ovaries associated with 
differentiation domains cells; loss of post- gonadal dysgenesis, 
meiotic germ cells ovotestis, dysgenic or 
cryptorchid testis 
Dax1 Orphan nuclear receptor; dose- Progressive loss of Normal Loss of 
dependent anti- and pro-testis spermatogenesis ovaries spermatogenesis 
functions Gain of function: Gain of function: XY 
ovotestes gonadal dysgenesis 
Wnt4 Signaling through Frizzled receptor; Dysgenic testes Androgen Mullerian dysgenesis 
required for testis and ovary Gain of function: synthesis with and virilization in XX 
development disordered vascu- masculinization Gain of function: 
lature and reduced Gain of cryptorchidism, 
steroidogenesis function: dysgenic testis or 
normal ovaries gonadal dysgenesis 
Amh Growth factor; member of Leydig cell hyper- Normal Persistent mullerian 
transforming growth factor-B family; plasia; loss of ovaries duct syndrome with 
miullerian duct regression in males spermatogenesis Gain of testicular dysgenesis 
Gain of function: function: and infertility 


inhibition of Leydig ovarian 

cell differentiation degeneration, 
Sertoli cell 
and tubule 
development 


Known genes regulating gonadal determination and testicular development are based on murine knockout 
studies and reported human mutations. Transgenic mouse gonadal phenotype describes the effects of 
homozygous deletion, unless indicated otherwise. Clinical gonadal phenotype refers to loss of function 
mutations in males, unless otherwise indicated. NA, not available; Wtl, Wilms’ tumor 1; Sf7, steroidogenic 
factor 1; Emx2, empty spiracles homolog 2; Pbx7, pre-B-cell leukemia transcription factor 1; Lhx7, LIM 
homeobox 1; LAx9, LIM homeobox 9; M33/Cbx2, M33 polycomb-like protein/chromobox homolog 2; 7cf27, 
transcription factor 21; /gf7r, insulin growth factor 1 receptor; /r, insulin receptor; /rr, insulin-related receptor; 
Sry, sex-determining region Y chromosome; Sox8/9, SRY-box containing genes 8 and 9; Gata4, GATA 
transcription factor 4; Fog2, Friend of Gata2; Fgf9, fibroblast growth factor 9; Pdgfra, platelet-derived growth 
factor receptor œ; Arx, aristaless related homeobox gene; Dhh, desert hedgehog; Dmrt, doublesex and mab-3 
related transcription factor; Dax7, dosage-sensitive sex reversal/adrenal hypoplasia congenita X 
chromosome; Wnt4, wingless-type MMTV integration site family, member 4; Amh, anti-millerian hormone. 
See text for references. 
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Figure 66.1 Key events and regulatory mechanisms of gonadal and testicular determination based on studies in 
mice. Solid arrows denote pathways that are directly or indirectly activated by specific events or signals, whereas 
inhibitory processes are specified by dashed lines. Structure/genes active prior to sex determination (light gray), 
testis-specific development (dark gray), genes regulating testis development (dark blue), and genes that have roles 
in both testis and ovarian development (light blue) are noted as such. Bmp, bone morphogenetic proteins; 
SCF, stem cell factor; Emx2, empty spiracles homolog 2; Pbx7, pre-B-cell leukemia transcription factor 1; Pod7, 
capsulin/epicardin/7cf27; M33, M33 polycomb-like protein/chromobox homolog 2; Lhx, LIM homeobox; Wt7, 
Wilms’ tumor 1; Sf7, steroidogenic factor 1; Sry, sex-determining region Y chromosome; Sox8/9, SRY-box con- 
taining gene 8/9; Gata4, GATA transcription factor 4; /gf7r, insulin growth factor 1 receptor; /r, insulin receptor; Irr, 
insulin-related receptor; Fgf9, fibroblast growth factor 9; Dax7, dosage-sensitive sex reversal/adrenal hypoplasia 
congenita X chromosome; Wnt4, wingless-type MMTV integration site family, member 4; Pdgfra, platelet-derived 
growth factor receptor a; Amh, anti-millerian hormone; Dhh, desert hedgehog; Arx, aristaless related homeobox 
gene; /ns/3, insulin-like 3. For further details, see Table 66.1 and text. 


CBX2), is associated with severe dysmorphogenesis or 
absence of gonads (see Table 66.1). Affected fetuses 
are not viable due to other severe anomalies, including 
renal agenesis in some cases. The exact function of 
these proteins in stabilization and development of the 
gonadal ridge is not known but probably involves a 
role in cell proliferation.! Similarly, defective cell pro- 
liferation may be the cause of failed gonadal determi- 
nation in mice lacking insulin-like receptor signaling 
following deletion of the insulin growth factor recep- 
tor 1 (gir), insulin receptor (Ir), and insulin-related 
receptor (Irr).b16 Podl (capsulin/epicardin/Tcf21), a 


basic helix-loop-helix transcription factor, functions 
as a repressor of SF1 in the genital ridge. Pod] knock- 
outs of both sexes have gonads that show failed devel- 
opment with aberrant up-regulation of steroidogenic 
cells and increased apoptosis.!7 


Testis determination 


The first definitive step in testis determination is 
expression of SRY by pre-Sertoli cells followed by 
their subsequent differentiation.!? Sertoli cells then 
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direct differentiation of other cell types and induce 
mitotic arrest of germ cells. Testicular organogenesis 
involves a complex interplay of many genes, some of 
which influence development of both gonadal types 
(see Figure 66.1). Careful studies of gonadal architec- 
ture, concomitant gene expression, and transgenic 
phenotypes indicate that precision in the timing and 
degree of gene expression is crucial. Functional 
redundancy of critical pathways is also evident. 

SRY is expressed in the human XY gonad at 41 
days’ gestation. Although downstream signaling 
pathways have not been precisely delineated, it is 
known that murine Sry rapidly induces expression of 
the related HMG-box gene Sox9,!8 which is also 
expressed concurrently with SRY in the human fetal 
testis. Both genes are essential and sufficient for ini- 
tiating the testis development pathway in indifferent 
XY and XX gonads.!? In both mice and human 
fetuses, Sox9 expression is closely linked to that of Sry; 
however, humans appear to be more susceptible than 
mice to changes in dosage of both genes. Another 
important SRY-like gene, Sox8, has been shown to 
function cooperatively with Sox9 in regulation of 
downstream signaling, and gonad-specific targeted 
deletion of Sox8 and Sox9 produces a more severe phe- 
notype than knockout of Sox 9 alone.!?° Despite its 
key role in testis development, mutations of SRY are 
found in only 15-20% of individuals with XY 
gonadal dysgenesis. SOX9 mutations in humans are 
associated with the campomelic dysplasia in addition 
to gonadal dysgenesis” and a possible role for SOX8 
in clinical XY gonadal dysgenesis has not been 
reported. Therefore, other genetic and/or environ- 
mental factors must influence the process of testicular 
determination. Some candidate genes have been iden- 
tified, as discussed below, but additional uncharacter- 
ized autosomal loci may also modulate function of 
these critical genes and produce the phenotype of XY 
gonadal dysgenesis.?! 

The earliest indication of testis determination is 
proliferation of the coelomic epithelium adjacent to 
the primordial gonad! (see Figure 66.1). In the fetal 
mouse, proliferating cells migrate into the gonad, 
stimulated by Fgf9 (fibroblast growth factor 9) and 
Pdgfra (platelet-derived growth factor) signaling, and 
differentiate into Sertoli and other gonadal cell lin- 
eages. Pdgfira is also required for later formation of 
testis cords and Leydig cell differentiation. Homozy- 
gous deletion of either gene produces partial or com- 
plete failure of testis development or, in EgfY 
knockout mice, development of ovaries.???? Two 
other genes required during the early phases of testic- 


ular determination are the transcription factor Gata4 
(GATA-binding protein 4) and Wnt4 (wingless-type 
MMTV integration site family, member 4). Gata4 
directly or indirectly enhances SRY function via inter- 
action with its cofactor, Friend of GATA (Fog2) and 
enhances Sertoli cell proliferation and differentiation; 
functional knockouts have gonadal dysgenesis or dys- 
genic testes.?4 Gata4 also influences ovarian develop- 
ment by a mechanism that remains poorly defined. 
Similarly, Wnt4 is required for Sertoli cell differentia- 
tion, but has other functions that promote ovarian 
differentiation (see below).? In man, GATA4 expres- 
sion in Leydig, Sertoli, and germ cells is already pre- 
sent in the fetal testis at 12 weeks’ gestation, the 
earliest time point studied, and peaks 6 weeks later.”° 
Expression is reduced in testes of males with andro- 
gen receptor defects, suggesting hormonal control, 
but is normal in testes of cryptorchid boys. 

Differentiation of adequate numbers of Sertoli cells 
is critical for downstream events in testicular differen- 
tiation. Fgf9 and Padgfra signaling stimulates 
mesonephric cells to migrate into the developing 
gonad, a process that is sexually dimorphic and neces- 
sary for formation of the testicular cords and the 
testis-specific vasculature.!2223 These processes are 
blocked in ovaries by Wnt4 and in testes of XY fetuses 
exposed to increased Wnt4 dosage.?”?8 Sertoli cells 
surround gonocytes already present within the gonad 
to form testicular cords, with subsequent inhibition of 
germ cell mitosis. Germ cells located in an ectopic 
extratubular position either fail to survive or inappro- 
priately enter meiosis. Testicular cord formation also 
requires Dax], an orphan nuclear receptor that maps 
to the Xp21 duplication region associated with clini- 
cal XY sex reversal and therefore previously consid- 
ered an ovarian determination or antitestis gene.?? 
Transgenic mouse studies confirm that Dax] overex- 
pression may lead to ovotestis formation in XY 
fetuses.39 However, loss of Dax1 function in mice is 
associated with spermatogenic failure in testes, but 
normal ovaries, data that support a role for this gene 
in development of the testis but not the ovary.*! Dax] 
also inhibits expression of Sf] and genes involved in 
hormone production by Leydig and Sertoli cells.*? In 
humans, DAXI is expressed in the indifferent fetal 
gonad and transcription persists at low levels in both 
sexes throughout the period of sexual differentiation." 
Clinically, DAX] mutations are associated with 
hypogonadotropic hypogonadism, but an intrinsic 
abnormality in germ cell differentiation is also pre- 
sent, which precludes spermatogenic response to 
gonadotropin therapy.*? 
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DMRTI and DMRT2 (doublesex and mab-3 related 
transcription factors 1 and 2) are genes located within 
the 9p deletion critical region associated with clinical 
XY gonadal dysgenesis and sex reversal. They are 
therefore candidate genes for testis determination 
downstream of SRY.#4 Although specific mutations 
have not yet been identified in these genes, they con- 
tain highly conserved DNA-binding domains that are 
also present in the sex-determining genes doublesex 
(Drosophila) and mab-3 (C. elegans). In mice with 
homozygous deletion of Dmrt1 alone, testes form but 
Sertoli cell maturation and postmeiotic spermatogen- 
esis are abnormal.*° It is not clear if both genes are 
needed for testis determination or if there are species- 
specific differences in DMRT function. 

Proper differentiation of the testicular cords and 
vasculature is also necessary for establishment of the 
interstitial cell compartment.! Desert hedgehog 
(Dhh),°° a Drosophila homolog in the hedgehog sig- 


Table 66.2 Genetic regulation of testicular descent 


naling pathway, Pdgfro?? and the homeobox gene 
Arx?” are required for Leydig cell development. 
However, human mutations in the DHH’! and 
ARX? genes are associated with more generalized 
failure of testicular development (see Table 66.1). 
Dhh and Pdgfro function via paracrine mechanisms, 
as they are expressed in Sertoli and interstitial cells, 
respectively. These data indicate that interaction 
between the various testicular cell types is essential for 
normal development and function of the testis. 
Anti-mtllerian hormone (AMH, or miillerian- 
inhibiting substance) is a sensitive indicator of the 
function of Sertoli cells at the time of their differenti- 
ation and in postnatal life.!394° Moreover, secretion 
of AMH is regulated by many genes important in the 
testis determination pathway and is inhibited by 
Wnt4 and Dax] in the ovary. Like Wnt4 and Dax, 
Amh has been shown to have variable effects in 
murine testis and ovary that are dose-related. Males 


Gene Function Transgenic mouse phenotype Clinical phenotype 
Ins/3 Insulin-like growth factor; Perirenal testes Mutations rare in isolated 
stimulates development of cryptorchidism 
the mesenchymal gubernaculum 
Great/Lgr8 Receptor for insl3, present Perirenal testes Mutations rare in isolated 
in gubernacular cells cryptorchidism 
Desrt/ARID5B AT-rich interaction domain Inguinal testes NA 
DNA-binding protein 
HoxA10/HoxA17 Homeobox genes involved Perirenal, abdominal, or Mutations rare in isolated 
in embryo patterning inguinal testes; epididymal cryptorchidism 
and vasal anomalies 
TgtB, Transforming growth factor Failure of abdominal NA 
signaling descent in male fetus 
Ar Androgen receptor signaling Spontaneous genetic Pelvic, abdominal, inguinal, 
mutation; testes at internal or labial testes 
ring 
Aromatase Conversion of testosterone Overexpression: One case of inguinal 
to estradiol cryptorchidism cryptorchidism 
Gata1 Transcription factor No gonadal phenotype; Familial dyserythropoietic 


expressed in Sertoli cells 


anemia; one report of asso- 
ciated inguinal cryp- 
torchism in brothers 


Candidate genes regulating testicular descent are based on transgenic mouse studies and human mutations 
associated with cryptorchidism. Transgenic mouse phenotype describes the effects of homozygous deletion, 
unless specified otherwise. Clinical phenotype refers to loss of function mutations. NA, not available; /ns/3, 
insulin-like 3; Great/Lgr8, G-coupled protein receptor affecting testicular descent/leucine-rich repeat- 
containing G-protein coupled receptor 8; Desrt/AR/D5B, developmentally and sexually retarded with transient 
immune abnormalities/AT-rich interaction domain 5B; HoxA70/A77, homeobox A10/A11; TGF£B,, transforming 
growth factor B,; Ar, androgen receptor; Gata7, GATA transcription factor 1. See text for references. 
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with deletion of Amh have impaired testicular devel- 
opment, characterized by reduced spermatogenesis 
and Leydig cell hyperplasia, in addition to persistence 
of miillerian ducts. Although not well studied, lack of 
AMH in humans may also adversely affect testicular 
development, given that males with persistent miiller- 
ian duct syndrome are prone to infertility and testicu- 
lar tumors.*! Transgenic overexpression of Amh in 
mice causes inhibition of Leydig cell differentiation in 


testes and sex reversal in ovaries.°? 


Mechanisms of testicular descent 


The human fetal testis is located adjacent to the inter- 
nal inguinal ring at the end of the first trimester.4? 
During the second trimester, a dramatic increase in 
size of the gubernaculum testis occurs, which allows 
dilation of the inguinal canal and migration of the 
processus vaginalis.4* Finally, starting at 24 weeks’ 
gestation, testes begin a rapid traversal through the 
inguinal canal. The anatomic and biochemical 
changes involved in development of the gubernacu- 
lum have been studied extensively in rodent and pig 
fetuses,** but the signaling pathways involved remain 
poorly understood. It is known that gubernacular 
function depends upon testicular hormones and/or 
factors that induce its growth, proliferation, and sub- 
sequent migration, with the testis, into the scrotum. 
Genetic diseases typically associated with gonadal 
dysgenesis, such as WTI mutations,’ WNT4 (gain of 
function) mutations,?* and 9p monosomy* may also 
present with isolated cryptorchidism. Similarly, muta- 
tions of the androgen receptor (AR) may be associ- 
ated with impaired testicular descent, but phenotypes 
are variable.*° Many loci are linked to syndromes 
associated with cryptorchidism.4” However, until 
recently, there were no gene candidates for non-syn- 
dromic cryptorchidism. One promising candidate has 
been identified as INSL3 (insulin-like 3),*8 a hor- 
mone in the relaxin family that is probably the non- 
androgenic testicular factor that is the primary 
stimulus to gubernacular growth.” INSL3 binds to a 
specific receptor, Rxfp2 (also known as G-protein 
coupled receptor affecting testicular descent, or 
GREAT) that is present in the gubernaculum.*® 
Homozygous deletion of Insl3 or Rxfp2 in mice is 
associated with perirenal testes and failure of prenatal 
development of the gubernaculum. Although INSL3 
and RXFP2 appear to be ideal candidates for human 
non-syndromic cryptorchidism, a mutation in one of 
these genes is present in less than 5% of cases (Table 


66.2).5! It is likely that variants in multiple genes, and 
possibly environmental exposures,” 
failure of testis descent. 

Some progress in identifying mechanisms of testicu- 
lar descent has been made by screening fetal mouse 
gubernacula for expression of cytoplasmic and receptor 
tyrosine kinases and members of the insulin receptor 
family.5? These data indicate that many genes, includ- 
ing Pdgfra, Igflr, Ir, and members of the Eph and Egfr 
(epidermal growth factor receptor) signaling pathways 
are expressed in the gubernaculum during develop- 
ment. Characterization of the relative importance and 
roles of these signals awaits further studies. Additional 
potential members of signaling pathways involved in 
testicular descent have been identified from transgenic 
mouse models and clinical studies. These include the 
transcription factors HoxA10,°* HoxA11°> (homeobox 
genes), Gatal®® (GATA binding protein 1), and 
Desrt/Arid5B°® (developmentally and sexually retarded 
with transient immune abnormalities/AT-rich interac- 
tion domain 5B), and TyfB,°” (transforming growth 
factor B,) (see Table 66.2). Transgenic deletion of 
HoxA10 or HoxA1l is associated with cryptorchidism 
and anomalies of wolffian duct derivatives, but muta- 
tions of the human homologs of these genes are 
uncommon in boys with cryptorchidism>?’ (unpub- 
lished observations). A GATAJ mutation was reported 
in a family with hematologic abnormalities and cryp- 
torchidism, but it is not clear if failure of testicular 
descent was a consequence of the mutation. AR vari- 
ants that reduce but do not eliminate function, such as 
increased GGN repeats, may increase the risk for cryp- 
torchidism.®! Similarly, experimental up-regulation of 
the aromatase gene i 


contribute to 


is associated with increased estro- 
gen production and cryptorchidism but a reported loss 
of function mutation in this same gene produced 
inguinal cryptorchidism in an affected man.°? As with 
testis determination, experimental and clinical data do 
not necessarily correlate, and so far the factors con- 
tributing to failure of testicular descent in human 
fetuses remain unknown in most cases. 

Calcitonin gene-related peptide (CGRP) is 
expressed in the muscular portion of the rat guber- 
naculum and in the sensory nucleus of the gen- 
itofemoral nerve. A role for CGRP in migration of 
the rat gubernaculum is supported by data showing 
differential expression of this signaling molecule in 
rats with cryptorchidism. However, no studies have 
examined the effect of loss of function of the CGRP 
gene on testicular descent. It remains unclear whether 
changes in expression of CGRP is a cause or effect of 
failure of descent in rats, or if its role in cremaster 
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muscle function is applicable to the etiology of human 
cryptorchidism.® Preliminary analysis of the CGRP 
gene has failed to show mutations associated with 
clinical cryptorchidism.®° 


Early testicular development 


Survival and proliferation of primordial germ cells is 
dependent on bone morphogenetic proteins (BMPs), 
signaling via the C-kit receptor tyrosine kinase and its 
ligand, stem cell factor (SCF), and other signaling mol- 
ecules.” In human fetuses, these cells become localized 
within the testicular cords by the 8th week of gesta- 
tion.® By the second trimester, three distinct subpopu- 
lations of germ cells — gonocytes, prespermatogonia, 
and intermediate spermatogonia — are distinguishable 
within the tubules based on immunohistochemical 
characteristics. Along with differentiation, apoptosis 
(programmed cell death) is an ongoing process 
throughout gestation in human germ cells as well as in 
Sertoli and Leydig cells and has an important role in 
establishing a normal population of cells in the testis.68 

In mice, migration of undifferentiated germ cells to 
the tubule periphery and association with Sertoli cells 
via adhesion molecules occurs in the 1st week of life.© 
The process of migration is not well characterized but 
requires Sertoli cell signaling, thyroid hormone, and 
perhaps other hormones and/or testicular factors. 
Germ cell survival within tubules in neonatal mice is 
also mediated by C-kit and SCF. Maturation to sper- 
matogonial stem cells is a process that is critical for 
long-term maintenance of adequate spermatogene- 
sis.”° Failure of maturation leads to excess apoptosis or 
persistence of undifferentiated cells that may predis- 
pose to future malignant transformation. Direct evi- 
dence for regulation of this process in newborn boys 
by specific factors is lacking. However, failure of germ 
cell maturation has been identified as a negative prog- 
nostic factor in human cryptorchidism.”! 

Maturation of Sertoli and Leydig cells is also essen- 
tial for spermatogenesis. Active proliferation of Ser- 
toli cells occurs in the perinatal and peripubertal 
periods and support of sufficient numbers of germ 
cells depends on subsequent maturation of these 
cells.’? Mature Sertoli cells can be identified by 
expression of Wtl, GATA], p27?! (a cyclin-depen- 
dent kinase inhibitor) and AR, whereas persistent 
expression of AMH, aromatase, NCAM (neural cell 
adhesion molecule), and cytokeratin-18 is associated 
with Sertoli cell immaturity. Similarly, the Leydig cell 
population is composed of distinct fetal and adult 


types.7* Adult Leydig cells differentiate from intersti- 
tial mesenchymal precursors during the postnatal 
period through a series of maturational steps. This 
process is regulated by gonadotropins, androgens, 
AMH, thyroid hormone, and growth factors. Failed 
maturation of Sertoli and/or Leydig cells may be the 
underlying cause of testicular dysfunction, also called 
‘testicular dysgenesis syndrome’, which is observed in 
cases of cryptorchidism, testicular cancer, and/or 
hypospermatogenesis.’2 


Conclusions 


Normal testicular development and descent requires 
multiple signaling pathways, many of which have not 
been elucidated. Failure or reduced expression of only 
one of these signals may produce a wide spectrum of 
phenotypic abnormalities that is indistinguishable 
from other causes. As development is normally asso- 
ciated with phases of proliferation, differentiation, 
and apoptosis, alterations in any of these programs 
may ultimately reduce testicular hormone secretion 
and/or spermatogenesis. Moreover, primary defects in 
development of one testicular cell type may affect pat- 
terning and long-term function of the entire organ. In 
the future, genetic analysis of boys with abnormalities 
of testicular development and descent may define 
more precisely the severity and prognosis of disease 
among individuals with similar phenotypes, and 
improve our therapeutic approach to these cases. 


Key points 


E Establishment of the mammalian gonad is an 
active process that involves expression of multiple 
urogenital patterning genes and migration of pri- 
mordial germ cells. 

E Testis determination, triggered by Sry, requires 
coelomic epithelial migration for establishment of 
Sertoli cells, formation of testicular cords, vascular 
patterning, establishment of interstitial cells within 
the gonad, and both differentiation and apoptosis 
of all cell types. 

E Many genes, some of which have dual roles in pro- 
moting or inhibiting testis-specific events, regulate 
testis development. 

E The ligand/receptor pair INSL3/Great is critical 
for testicular descent. 

E Postnatal spermatogonial differentiation is critical 
for establishing spermatogenesis. 
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Formation of the gonads begins during the first 3 
weeks. Approximately 30-50 germ cells become rec- 
ognizable among the endodermal cells of the caudal 
portion of the yolk sac near the allantoic stalk. These 
begin to migrate by ameboid motion towards the 
genital ridge. 

The hindgut begins to develop during this same 
time frame. Its development was described in Chap- 
ter 49. To briefly recapitulate, the hindgut which is 
endoderm, sends a blind extension caudally which 
meets the ectoderm of the body wall at the cloacal 
membrane. The cloacal membrane initially extends 
from the tail bud to the body stalk, but as the meso- 
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derm grows the extent of the cloacal membrane 
becomes smaller. 

The gonads continue to develop during the 4th 
week but remain in an indifferent stage. At this time 
it is impossible to determine the sex of an embryo by 
examination. The ventromedial surface of the urogen- 
ital ridge begins to thicken and bulge into the coelom 
as a separate genital ridge, which lies medial and par- 
allel to the mesonephric ridge. 

The germ cells, which have been migrating dorsally 
in the wall of the yolk sac and gut, reach the gonadal 
ridge by the middle of the 5th week (Figure 67.1). It 
is during this time that the genital tubercle appears on 


Bowman's duct 


Gonad 
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Figure 67.1 Urogenital ridge in the human: (a) 9 mm ventral view; (b) 7 mm transverse view; and (c) 10 mm trans- 


verse view. (Reproduced from Arey,' with permission.) 
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Figure 67.2 Origin of the human millerian duct at the 12 mm stage: (a) through the open groove; (b) slightly lower 
level, showing closure; and (c) still lower, showing a tube. (Reproduced from Arey,' with permission.) 


the ventral midline between the umbilical cord and 
the tailbud. The tubercle has a thin urogenital groove 
caudally, the floor of which is the cloacal membrane 
and the sides are the urogenital folds. At the same 
time the cloaca is divided into an anterior urogenital 
sinus and a posterior rectum by the urorectal septum. 

During the 6th week an indifferent gonad is recog- 
nizable in both sexes and consists of superficial ger- 
minal epithelium and an internal blastema derived 
from ingrowth of coelomic epithelium. The blastema 
forms into primary or medullary sex cords, and the 
germ cells and mesenchyme come to lie between these 
cords. The urogenital ridge is attached broadly near 
the root of the mesentery. In both sexes a groove 
appears in the urogenital ridge, located laterally on 
the mesonephros near the cephalic end. The cranial 
end of this groove remains open while caudally it 
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begins to close into a tube (the miillerian duct) 
(Figure 67.2). There is progressive caudal growth of 
the solid, blind end of the miillerian duct, guided by 
the mesonephros. Near the cloaca the urogenital 
ridges swing mesiad into the genital cord. The cranial 
end of the miillerian duct is forced laterally by the 
enlarging suprarenal glands and kidneys. Hence, each 
miillerian duct has two bends, a cranial one and a 
caudal one (Figure 67.3). 

During the 7th week in the male the attachment of 
the gonads to the mesonephros becomes the mesor- 
chium. The medullary sex cords fuse with 
mesonephric tubules to form ductuli efferentes 
(Figure 67.4). Some mesonephric tubules cephalad to 
this area persist as vestigial structures associated with 
the epididymis and spermatic cord (the appendix epi- 
didymis, the superior and inferior vasa aberrantia, and 
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Figure 67.3 Diagram of the genital ducts in the 6th week of development in the male (a) and female (b). The 
mesonephric and millerian ducts are present in both. Note the excretory tubules of the mesonephros and their rela- 
tionship to the developing gonad in both sexes. (Reproduced from Sadler,? with permission.) 
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Figure 67.4 (a) Diagram of the genital ducts in the male in the 4th month of development. Cranial and caudal (par- 
agenital tubule) segments of the mesonephric system regress. (6) Diagram of the genital ducts after descent of the 
testis. Note the horseshoe-shaped testis cords, rete testis, and efferent ductules entering the ductus deferens. The 
paradidymis is formed by remnants of the paragenital mesonephric tubules. The millerian duct has degenerated 
except for the appendix testis. The prostatic utricle is an outpocketing from the urethra. (Reproduced from Sadler,? 


with permission.) 


the paradidymis). The sex cords become separated 
from the surface epithelium of the gonad by small cells 
that eventually form the tunica albuginea. The pri- 
mordial germ cells become incorporated into the testis 
cords, and these cords become arranged radially, sepa- 
rated by a proliferation of mesenchyme. The cords 
eventually converge towards the blastemal mass, 
emerging as the primordia of the rete testis. In the 
female at this time the round ligament begins to form. 

The genital tubercle elongates into a phallus and its 
tip rounds into the glans (Figure 67.5). Genital 
swellings appear lateral to the phallic base. The uro- 
genital sinus opens at the base of the phallus by rup- 
ture of the cloacal membrane. In the male the corpora 
cavernosa begin to appear from mesenchymal 
columns in this area. 

The upper five-sixths of the mesonephric ridge has 
been lost by the 8th week and becomes the diaphrag- 
matic ligament of the mesonephros, which eventually 
will become the suspensory ligament of the gonad. 

In the male, the tunica albuginea has formed a definite 
encapsulating layer on the gonad, and the gubernaculum 
begins to form. The phallus elongates, as does the ure- 
thral groove and the genital swellings rotate caudad. 

In the female, clusters of indifferent cells and pri- 
mordial germ cells appear. These fall into a dense pri- 
mary cortex and a looser primary medulla. A mass 


bulges from the medulla into the mesovarium to form 
the rete ovarii (Figure 67.6). The suspensory ligament 
of the ovary is formed from the cephalic end of the gen- 
ital ridge, while the proper ligament of the ovary is 
formed from the terminal part of the genital ridge and 
unites the caudal end of the ovary to the transverse 
bend of the miillerian duct and eventually to the uterus. 

The mesonephros consists of 34 pairs of tubules by 
the 9th week, but half of them are non-functional. 
This is the end of the stage of maximal mesonephric 
development. The cranial eight to 15 pairs project 
against the rete testis or rete ovarii. The caudal ends 
of the miillerian ducts have now fused medially and 
end blindly at Miiller’s tubercle. The mesonephric 
ducts are now lateral to the miillerian duct caudally. 

Cowper’s gland in the male and Bartholin’s gland 
in the female, which are homologues, arise as a pair of 
solid buds from the endodermal epithelium of the 
urogenital sinus distal to Miiller’s tubercle. In the 
male, they extend backwards, paralleling the urogeni- 
tal sinus, and penetrate the mesenchyme of the corpus 
cavernosum urethrae and become glandular. They 
open into the bulbus urethra. In the female, they open 
into the vestibule near the hymen. 

By the 10th week all of the mesonephric tubules 
have become discontinuous. The gonads in both sexes 
lie at the boundary of the pelvis and the abdomen. In 
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Figure 67.5 Developing external genitalia of the human: (a) 7th week; (b) male, 10th week; and (c) female, 11th 
week. (Reproduced from Gray and Skandalakis,? with permission.) 
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Figure 67.6 (a) Drawing of the genital ducts in the female at the end of the 2nd month of development. Note the 
mullerian tubercle and formation of the uterine canal. (b) Drawing of the genital ducts after descent of the ovary. The 
only parts remaining from the mesonephric system are the epodphoron, parodphoron, and Gartner's duct. Note the 
suspensory ligament of the ovary, ligament of the ovary proper, and round ligament of the uterus. (Reproduced 
from Sadler,2 with permission.) 


the male, the external genitalia are becoming visible as 
male structures as a result of secretion of testosterone 
by the fetal testis. The phallus has become the penis. 
The edges of the urethral folds begin to fuse progres- 


sively from posterior to anterior, forming the urethra 
and the median raphe. The genital swellings become 
scrotal swellings, which fuse to form a scrotal septum 
and raphe. 
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Table 67.1 Embryologic remnants 


Male Mullerian remnants Appendix testis 
Prostatic utricle 

Female Wolffian remnants Epodophoron 
Paraodphoron 


Gartner's duct 


In the 11th week the prostate arises as multiple out- 
growths of endoderm both above and below the 
mesonephric ducts. These outgrowths arise in five dif- 
ferent groups, each of which corresponds to a future 
prostatic lobe. The buds grow into the surrounding 
mesenchyme, which in turn provides both connective 
tissue and smooth muscle. In the female, the homo- 
logues of the prostate are the urethral glands, which 
are drained by Skene’s ducts on each side. 

Littre’s glands bud from the male urethra in the 
12th week. In the female, homologues of Littre’s 
glands bud into the vestibule. In the male the proces- 
sus vaginalis appears as an outpouching at the internal 
inguinal ring, and the testis lies nearby. The guber- 
naculum has already formed. The miillerian ducts 
degenerate owing to the secretion, by Sertoli cells, of 
miillerian inhibiting factor (MIF). Miillerian remants 
in the male are the appendix testis from the cranial 
end and the prostatic utricle from the caudal end of 
the miillerian duct (Table 67.1). 
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In the female, the secondary ovarian cortex begins 
to form in the 12th week by division of cells of the 
ovarian blastema and by new growth of germinal 
epithelium. The early ova regress and form the 
medulla. The ovaries at this time lie at the pelvic brim. 
The round ligament is complete. Vaginal and uterine 
musculature appears from the mesenchyme surround- 
ing the miillerian ducts. The distal portions of the 
miillerian ducts have fused below the caudal bend 
(Figure 67.7). 

In the 13th week, in the male, the seminal vesicles 
develop as lateral branches off the mesonephric duct. 
Branching of these seminal vesicles is evident by the 
4th month of fetal life, and eventually a muscular coat 
is gained from the mesenchyme. In the female, the 
mesonephric ducts begin to regress. Elongation of the 
fetal pelvis causes a solid epithelial cord to form 
between the end of the miillerian ducts and the uro- 
genital sinus; this cord will become the upper vagina. 

During the 14th week, the penile shaft continues to 
elongate in the male, and the urethra has fused to the 
base of glans penis. The penile shaft has a ventral 
deflection.* The prepuce now begins to form as a fold 
of skin that grows distally. By 5 months of gestational 
age, preputial formation is complete. The prepuce 
then fuses to the glans and reseparates from it under 
the influence of testosterone by the formation of small 
clefts in the preputial sac. This procedure of separa- 
tion is incomplete at birth and continues for several 
years thereafter. 
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Figure 67.7 Schematic drawing showing formation of the uterus and vagina: (a) at 9 weeks, note the disappearance 
of the uterine septum; (b) at the end of the 3rd month, note the tissue of the sinovaginal bulbs; and (c) in the new- 
born, the fornices and the upper portion of the vagina are formed by vacuolization of the müllerian tissue and the 
lower portion of the vagina is formed by vacuolization of the sinovaginal bulbs. (Reproduced from Sadler,? with 


permission.) 
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Figure 67.8 Schematic representation of the main abnormalities of the uterus and vagina, caused by persistence of 
the uterine septum or obliteration of the lumen of the uterine canal. (Reproduced from Sadler,? with permission.) 


By the 16th week, maximal degeneration of the 
mesonephric tubules has been attained. The muscles 
of the perineal floor are visible. The epithelium of 
Cowper’s and Bartholin’s glands is glandular in 
nature. In the testis, interstitial cells are very abun- 
dant. In the female, the vagina begins to form a lumen 
as the fornices appear as clefts in the solid epithelial 
cord distal to the fused miillerian ducts. The uterus 
forms as a fusion of miillerian ducts as they move ven- 
trally and medially. Inappropriate fusion can result in 
uterine structural abnormalites such as bicornuate 
uterus (Figure 67.8). During this fusion, the broad 
ligaments are formed. The cervix and the fallopian 
tubes are now evident. 

The vaginal lumen and the prepuce are completely 
formed by the 20th week. The penile shaft is now 
straight. Homologous structures between male and 
female and their embryologic origin are listed in 
Table 67.2. 

The tunica albuginea of the ovary forms during the 
24th week. In the male, the lumen of the rete tubules 


Table 67.2 Embryologic homologues 


Embryologic structure Male 


and cranial mesonephric tubules become continuous 
and form the efferent ductules of the epididymis. The 
cranial end of the mesonephric duct convolutes, form- 
ing the body of the epididymis. The caudal end 
remains straight, forming the ductus deferens. The 
terminal end of the mesonephric duct forms the ejac- 
ulatory duct. The ampulla of the vas deferens forms 
from dilation of the ejaculatory duct. The processus 
vaginalis in the male now begins to move through the 
inguinal canal. 

Formation of the seminal vesicles in the male is 
complete by the 28th week. The processus vaginalis 
has herniated through the abdominal wall, formed the 
inguinal canal, and reached the scrotum. The testis 
then begins to descend towards the scrotum. Several 
factors are hypothesized to influence testicular 
descent. These include gubernacular guidance, 
increased intra-abdominal pressure, and, possibly, 
the release of a substance, descendin, from the normal 
testis.° In addition, the genitofemoral nerve has been 
studied as a potential factor in inducing testicular 
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descent.” With normal factors intact, the testicle will 
reach the ipsilateral scrotum during the third 
trimester. Testis descent occurs in 60% of males by 30 
weeks and 93% of males by 32 weeks. Crypt- 
orchidism is a frequent anomaly whose etiology has 
been extensively studied but is still incompletely 
understood. Some instances appear to be due to 
intrauterine endocrine failures, whereas others seem 
mechanical. Intra-abdominal testes might result if the 
processus vaginalis did not form. Ectopic testes might 
result if the path of descent were obstructed or if the 
gubernaculum went astray, failing to define a path for 
the testis to follow into the ipsilateral scrotum. The 
descent of the ovary is quite comparable to that of the 
testicle, but the gubernaculum fuses with the lateral 
margin of the uterus which, therefore, arrests descent 
of the ovary in the pelvis. Failure of fusion of the 
gubernaculum to the uterus may allow the ovary to 
descend into the labia majora. 

Major anomalies of these genital organs are fre- 
quent, including intersex, hypospadias, and cryp- 
torchidism. If the testis determining factor is present, 
a testis will develop. In the presence of the testis, MIF 
will be released by Sertoli cells and lead to regression 
of the miillerian ducts. In addition, elaboration of 
testosterone from Leydig cells will cause development 
of the mesonephric ducts and masculinization of the 
internal ducts. Masculinization of the external geni- 
talia is dependent on the conversion of testosterone to 
5-dihydrotestosterone. Failure of this conversion 
helps to explain some cases of ambiguous genitalia. In 


the absence of a testis, an ovary (or streak gonad) 
forms, the miillerian structures persist, and the exter- 
nal genitalia are feminine. 

Hypospadias represents arrested formation of the 
phallus and phallic urethra. In many instances, the 
distal hypospadiac urethra is dysplastic, as is the sur- 
rounding corpus spongiosum.” With severe forms of 
hypospadias a small miillerian remnant may persist as 
a diverticulum off the prostatic utricle. 
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Introduction 


A rational approach to the patient with intersex relies 
on understanding the development of the internal and 
external genital ducts, the steroid synthesis pathway, 
what is surgically possible, and when surgery should 
be performed. This chapter focuses on the anatomy, 
pathophysiology, and classification of intersex states, 
whereas the surgical approach will be discussed in 
Chapter 70. 


e 


68 


Internal and external genital 
development 


The two key points to remember in understanding 
the variety of intersex states are that the internal gen- 
ital development depends on the ipsilateral gonad, 
and external genital development depends on the 
presence of testosterone and dihydrotestosterone 
(DHT). The reduction of testosterone to DHT is 
catalyzed by 5a-reductase, an enzyme which is 
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Figure 68.1 Fate of the wolffian and müllerian ducts. In the male, the wolffian duct forms the epididymis, vas, and 
seminal vesicle. Note the remnants of the müllerian duct. In the female, the müllerian ducts form the fallopian tubes, 
uterus, and upper third of the vagina. Note the remnants of the wolffian duct. Abbreviations: g = gonad; 
m = mesonephros; md = millerian duct; wd = wolffian duct; at = appendix testis; vmd = vestigial müllerian duct; 
um = utriculus masculinus; e = epoöphoron; vwd = vestigial wolffian duct; Gd = Gartner's duct. 
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located in genital tissue. If an ovary or streak gonad is 
present, the internal genital duct will develop along 
female lines: a uterus and fallopian tube will form. If 
a testis is present, the internal genital duct will 
develop along male lines: an epididymis, vas, and 
seminal vesicle will form. The genital tubercle devel- 
ops into a phallus if DHT is present, and develops 
into a clitoris if it is absent or low. Therefore, patients 
with congenital adrenal hyperplasia (CAH) can have 
what appears to be a normal male penis despite the 
presence of two ovaries (Figure 68.1). 


Internal genital development 


Besides the ovary and testis, patients with intersex can 
also have two other types of gonads: the streak gonad 
and the ovotestis. A streak gonad consists of ovarian 
stroma without ovarian follicles. An ovotestis consists 
of a mixture of ovarian and testicular tissue. They can 
be arranged next to each other, in a bilobed ‘boxcar’ 
type of arrangement (80%), or one type of tissue can 
be centrally located, surrounded by a shell of the other 
tissue (20%).! Since it is not always possible to deter- 


mine which arrangement is present by gross inspec- 
tion, biopsy of an ovotestis should be performed by 
opening the gonad widely and taking a deep biopsy. 

The gonads exert different effects on the miillerian 
and wolffian ducts, which are both present at 7 weeks’ 
gestation. Jost’s experiments with fetal rabbits showed 
that when gonads were removed during development, 
the internal genital structures were always female.” 
The idea that the female structures are the ‘default 
pathway,’ and do not require the presence of an ovary 
came from these experiments. The wolffian duct was 
felt to require the ‘stabilizing’ presence of testosterone 
to prevent involution. When Jost replaced the ovary 
with testosterone crystals, the wolffian duct remained, 
along with the miillerian duct.? This suggested that a 
separate protein, later identified as müllerian inhibiting 
substance (MIS), was secreted by the fetal testis to 
cause involution of the miillerian duct. In the case of 
an ovotestis, the fallopian tube is usually present, and 
the wolffian duct may be present, suggesting that 
DHT and MIS interact with each other, and that low 
levels of either hormone result in incomplete action on 
their target organs (Figure 68.2). 
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Figure 68.2 Pathways of normal sexual differentiation. The role of the chromosomes is solely to determine the 
nature of the gonads. Gonadotropin stimulation of the testes releases testosterone. This, together with millerian 
inhibiting substance (MIS), determines the nature of the internal ducts and external genitalia. SC = Sertoli cells; LC 


= Leydig cells. 
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External genital development 


Under the influence of DHT, the urethral plate tubu- 
larizes to form the penile urethra with associated 
spongiosum between 9 and 12 weeks of gestation. 
The genital tubercle elongates to form the phallus, 
and the labioscrotal folds fuse in the midline to form 
the scrotum. Abnormalities in testosterone or DHT 
synthesis (5a-reductase deficiency) may result in 
hypospadias, due to failure of the urethra to tubular- 
ize to the end of the glans. Without DHT, the genital 
tubercle develops into the clitoris, the urethra opens 
onto the perineum, and the labioscrotal folds form 
the labia majora and minora. 


Evaluation of the newborn with 
ambiguous genitalia 


Determining the cause of ambiguous genitalia in a 
newborn remains an urgent task due to the possibility 
of salt-wasting CAH, which can be lethal if not rec- 
ognized and treated appropriately. The history should 
focus on whether the mother took any hormones 
during pregnancy, whether there are any family mem- 
bers with intersex disorders, and if there is a family 
history of infants dying during the first few weeks of 


No palpable gonads 


Uterus present 


life (unrecognized salt-wasting CAH). The differen- 
tial diagnosis of a phenotypic female with a single per- 
ineal opening includes abnormalities. 
Hyperpigmented skin suggests high adrenocorti- 
cotropic hormone (ACTH) levels. The key point to 
remember about the examination is that a palpable 
gonad is usually a testis. Although ovaries can some- 
times be found in the inguinal canal in association 
with large inguinal hernias, they generally do not 
descend on their own. Ovotestes are sometimes found 
in the labioscrotal folds. Since the degree of clitoral 
hypertrophy is not helpful in the diagnosis, the main 
finding on physical examination is the presence of one 
or both gonads. An algorithm is outlined in Figure 
68.3. The length of the phallus does play a role in 
making the decision about the feasibility of raising the 
baby as a male with a functional phallus. 

If neither gonad is palpable, then a pelvic ultrasound 
is obtained to determine whether a uterus is present. A 
digital rectal examination may also reveal the presence 
of a cervix. Ultrasound is fairly unreliable for locating 
gonads. Magnetic resonance imaging (MRI) of the 
pelvis is helpful if there is a question of the internal 
anatomy on the ultrasound. A genitogram is helpful to 
determine the length of the common urogenital sinus 
in CAH, and should be obtained before performing a 
feminizing genitoplasty. One method of obtaining 


cloacal 


No uterus 
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Bilateral non-palpable testes with hypospadias 
Partial androgen insensitivity 
5a.-Reductase deficiency (rare) 
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[ Karyotype 


MGD 


| True hermaphrodite 


46,XX/46,XY 
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Figure 68.3 Algorithm for newborn ambiguous genitalia. MGD = mixed gonadal dysgenesis; 3B = 3B-hydroxy- 
steroid dehydrogenase; 17B = 17B-hydroxylase dehydrogenase; 17a = 17a-hydroxylase/17,20-lyase. 
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Bladder 


Vagina 


Figure 68.4 Retrograde genitogram for intersex evalu- 
ation. (Reproduced from Snyder,’ with permission.) 


good-quality genitograms is to use the tapered end of 
a feeding tube to occlude the perineal opening. By cut- 
ting off the remainder of the feeding tube, a low con- 
fluence vagina will still be identified. When the child 
tightens the external sphincter during contrast instilla- 
tion, the vagina is preferentially filled* (Figure 68.4). 

If no uterus is present, then the diagnosis is bilat- 
eral non-palpable testes (or bilateral vanishing testes) 
with hypospadias, partial androgen insensitivity syn- 
drome, or 50-reductase deficiency. If the hypospadias 
is proximal, a karyotype can be obtained. If a uterus is 
present, then the karyotype will confirm that the 
genotype is 46,XX. Buccal smears, previously used for 
rapid detection of a Barr body suggesting a 46,XX 
genotype, are not routinely used since karyotyping is 
routinely available. Additional serum tests such as 17- 
hydroxyprogesterone, 17-hydroxypregnenolone, and 
11-deoxycortisol will help determine which enzyme 
defect is the cause of the CAH. 

If one or both gonads are palpable and phallic 
structure is ambiguous, then the diagnosis will 
depend on the karyotype. The differential diagnosis is 
mixed gonadal dysgenesis, true hermaphrodite, 5a- 
reductase deficiency, or a defect in the steroid synthe- 
sis pathway. Serum levels of luteinizing hormone 
(LH), follicle-stimulating hormone (FSH), and 
testosterone are helpful to determine testicular func- 
tion and how the hypothalamic-—pituitary axis is work- 
ing. Aside from patients with CAH (elevated 
17-hydroxyprogesterone), Turner’s syndrome (physi- 
cal findings and karyotype), or 50-reductase defi- 
ciency (elevated testosterone/DHT), most patients 
with ambiguous genitalia require gonadal biopsy. 
Gonadal biopsy can be performed via a Pfannenstiel 
incision, bilateral inguinal incisions, or laparoscopi- 


cally. Again, a deep biopsy is recommended to avoid 
missing the deeper component of the gonad. Frozen 
section can be used if the diagnosis is fairly clear (such 
as mixed gonadal dysgenesis with streak gonad) and 
the parents are aware that tissue discordant with the 
sex of rearing will be removed. If the diagnosis is 
unclear, it is better to wait for the permanent section 
and remove the gonad after the additional informa- 
tion from the biopsy can be included in the decision 
regarding sex of rearing. 

The non-ambiguous types of intersex will not nec- 
essarily be detected immediately after birth. Complete 
or partial androgen insensitivity (CAIS and PAIS) can 
present as an inguinal hernia in a girl or as amenor- 
rhea. Persistent miillerian duct syndrome presents as 
an inguinal hernia or an undescended testis in a boy. 


Categories of intersex 


Allen’s classification by gonadal histology is probably 
the best conceptual framework by which to organize 


the varieties of intersex conditions:> 


I. Female pseudohermaphrodite (ovary-ovary) 
Il. True hermaphrodite (ovary-testis) 

III. Male pseudohermaphrodite (testis—testis) 
IV. Mixed gonadal dysgenesis (testis—streak) 

V. Pure gonadal dysgenesis (streak—streak). 


This classification is shown in Figure 68.5. Fertility 
potential and cancer risk are summarized in Table 


68.1. 


Female pseudohermaphrodite 


Congenital adrenal hyperplasia 


CAH is the most common intersex disorder, with 21- 
hydroxylase deficiency accounting for 95% of all cases 
of CAH, and 11-hydroxylase deficiency accounting for 
5%:° both are autosomal recessive disorders. The 
steroid synthesis pathway is outlined in Figure 68.6. 
Girls with CAH are noticed at birth from their ambigu- 
ous genitalia. The rise in testosterone occurs after the 
wolffian duct has already regressed, and no MIS is pre- 
sent; thus, the internal anatomy is female. The degree 
of clitoral hypertrophy varies from minimal to severe, 
sometimes mimicking a normal penis (Figures 
68.7-68.11). Boys with CAH are detected either by 
newborn screening or by precocious puberty with early 
development of the penis, scrotum, and skeletal muscle. 
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Figure 68.5 Classification of intersex disorders: a scheme based on the histology of the gonads. 


21-Hydroxylase deficiency prevents the synthesis of 
aldosterone and cortisol, and causes ACTH to rise 
due to a lack of negative feedback. 17-Hydroxyprog- 
esterone is overproduced, which is converted to 
testosterone, causing the virilization of the external 


genitals. In a newborn with CAH, the serum 17- 
hydroxyprogesterone levels are 25000 ng/dl, com- 
pared with 900 ng/dl in normal newborns.’ If the 
defect is 11B-hydroxylase deficiency, 11-deoxycortisol 
will be elevated as well as 17-hydroxyprogesterone. 
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Table 68.1 Comparison of genotype, phenotype, fertility, and cancer risk 


Genotype Genital phenotype Fertility Cancer risk 
21-Hydroxylase 46,XX Ambiguous Yes No 
11B-Hydroxylase 46,XX Ambiguous Yes No 
3B-Hydroxysteroid dehydrogenase 46,XY Ambiguous, possible Rare male No 

46,XX undescended testes 
True hermaphrodite 46,XX (80%) Ambiguous Rare females Rare, if Y 

46,XX/XY (10%) chromosome 

46,XY (10%) present 

Complete androgen insensitivity 46,XY Female No Yes 

Partial androgen insensitivity 46,XY Ambiguous No Yes 

5a-Reductase deficiency 46,XY Perineal hypospadias Rare No 

Persistent mullerian duct syndrome 46,XY Male Rare Testis tumors, 
no uterine 
tumors 

Congenital lipoid adrenal hyperplasia 46,XY Female No Yes 

rare 46,XX 

17B-Hydroxylase dehydrogenase 46,XY Female, possible No No 
undescended testes 
(no phenotype in 
46,XX) 

17a-Hydroxylase/17,20-lyase 46,XY Hypospadias, possible No No 
undescended testes 

Mixed gonadal dysgenesis 45,XO/46,XY Hypospadias, No Gonado- 
undescended gonad blastoma 

Turner’s syndrome 45,XO Female No No 

Pure gonadal dysgenesis 46,XX Female No Yes, if 46,XY 

46,XY 


Patients with 11B-hydroxylase deficiency are often 
hypertensive because deoxycorticosterone (DOC) is a 
strong mineralocorticoid (see Figure 68.6). Since 
there are varying degrees of enzyme deficiency, salt 
wasting and virilization can be present or absent. The 
salt-wasting forms usually do not show hyponatremia 
and hyperkalemia until the first week of life. Plasma 
renin activity is measured for patients with salt-wast- 
ing CAH, and is usually elevated. Patients with 11- 
hydroxylase deficiency have low plasma renin due to 
excess mineralocorticoid. 

Three different forms of CAH are commonly rec- 
ognized: the classic (75%), the simple virilizing 
(25%), and the non-classic types (unclear). The 
classic form presents with salt wasting and viriliza- 
tion, the simple virilizing type without salt wasting, 
and the non-classic type with a normal genital 
appearance at birth, followed by virilization after 


puberty.® Patients who are not recognized at birth 
will present with hypotension, nausea, and vomit- 
ing. If a mild simple virilizing form is not detected 
in early childhood, the patient may have progressive 
clitoral hypertrophy and premature closure of the 
epiphyses. 

Since patients with CAH are fertile, and the major- 
ity have a female gender identity and gender role, the 
controversy over genital surgery for these patients 
revolves mainly around the timing of surgery, 
whether neonatal results are as good as those achieved 
at adolescence, and whether this is balanced by allow- 
ing the patient to choose to undergo the procedure.® 
In the severely virilized female patient with CAH, a 
male sex of rearing may be appropriate since the brain 
may also be virilized. The indications, timing, and 
techniques of feminizing genitoplasty are discussed in 


Chapter 70. 
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Figure 68.6 Steroid synthesis pathway. (Reproduced from Witchell and Lee,’ with permission.) 


Prenatal treatment 


CAH is an autosomal recessive disease; therefore, sib- 
lings in an affected family have a 25% risk of being 
affected. However, since masculinization of the exter- 
nal genitals is only a problem in girls, only one-eighth 
of subsequent siblings would benefit from prenatal 
treatment. Prenatal treatment consists of dexametha- 
sone 20 ug/kg twice a day to the mother; 10% of 
patients develop hypertension, edema, and fluid 
retention due to treatment during the first trimester. 
Treatment must start early in pregnancy (7-10 
weeks), when the external genitals are forming, and 
before the diagnosis can be confirmed. To make the 
diagnosis, chorionic villus sampling (9-10 weeks) is 
performed. The option of prenatal treatment should 
be discussed with families who have a child with 
CAH and are planning to have more children.® 


Postnatal medical management 


Early consultation with a pediatric endocrinologist is 
helpful in determining which battery of tests to order. 
Serum 17-hydroxyprogesterone is rapidly available 
and makes the diagnosis of CAH. Patients are started 
on glucocorticoid supplementation such as hydrocor- 
tisone (Cortef, 10-20 mg/m?/day). Supplementation 
of a mineralocorticoid such as _ fludrocortisone 
(Florinef, 0.1 mg daily) is recommended if the plasma 
renin is high.” Clitoral hypertrophy can become less 
prominent with somatic growth if good medical man- 
agement is maintained. Long-term follow-up with an 
endocrinologist is necessary, since lifelong treatment 
and adjustment of medication dosage will be 
required. 17-Hydroxyprogesterone levels are used to 
monitor therapy. Examination of the reconstructed 
vaginal introitus in teenage girls is usually carried out 
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Figure 68.7 Congenital adrenal hyperplasia, mild viril- 
ization. (Reproduced from Snyder,’ with permission.) 


Figure 68.8 Congenital adrenal hyperplasia, moderate 
virilization. (Reproduced from Snyder,* with permis- 
sion.) 


under anesthesia. One complication unique to boys 
with CAH is the possibility of developing Leydig cell 
nodules. These present with bilateral testicular 
enlargement, and respond to adequate ACTH sup- 


Figure 68.9 Congenital adrenal hyperplasia, moderate 
virilization. (From Snyder,’ with permission.) 


Figure 68.10 Congenital adrenal hyperplasia, severe 
virilization. (Reproduced from Snyder, with permis- 
sion.) 


Figure 68.11 Congenital adrenal hyperplasia, severe 
virilization. (From Snyder,’ with permission.) 


pression. If they do not respond promptly, the testes 
should be biopsied to differentiate this condition 
from Leydig cell tumor, which usually presents with 
unilateral testicular enlargement. 
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Figure 68.12 True hermaphroditism: note the scrotal 
asymmetry. The left gonad was an intra-abdominal 
ovotestis. 


3 -hydroxysteroid dehydrogenase 
deficiency 


Dehydroepiandrosterone (DHEA) causes virilization 
of 46,XX fetuses, whereas the lack of testosterone leads 
to undervirilization of 46,XY fetuses. The wolffian 
structures are maintained. Since the defect is so high in 
the pathway, pregnenelone, 17-hydroxypregnenolone, 
and DHEA are all elevated. The child’s adrenals are 
unable to synthesize mineralocorticoids or glucocorti- 
coids, and replacement is required soon after birth.? 


True hermaphrodite 

Patients most often have ovotestes (40% 
ovotestis/ovary, 15% ovotestis/testis, 34% bilateral 
ovotestis), but it is possible for an ovary to be present 
on one side, and a testis on the other (11%). The 
karyotype is usually 46,XX (74%), but 46,XX/XY 
(19%) and 46,XY (6%) are also seen.!? The genital 
appearance is extremely variable. Most have perineal 


we 


Figure 68.13 True TERESE a A descended 
ovotestis showing a clear demarcation between the 
ovarian (left) and testicular (right) portions. 


=a 


hypospadias with one palpable gonad, usually on the 
right (Figures 68.12 and 68.13). The internal genital 
structures ipsilateral to an ovotestis are either fallop- 
ian tube or fallopian tube and vas. Fertility has been 
reported in patients raised as female. Testicular func- 
tion tends to decline with puberty, so fertility is rare 
for male patients.!! 

For true hermaphrodites raised as males, the 
hypospadias is repaired, testicular tissue is placed in 
the scrotum, and ovarian tissue is removed. Testicular 
tumors can arise in these patients, despite a decline in 
function that results in the need for testosterone sup- 
plementation after puberty. Seminomas, gonadoblas- 
tomas, and dysgerminomas have been described.!? 
Hermaphrodites raised as females undergo clitoro- 
plasty, vaginoplasty, and removal of testicular tissue, 
but do not need estrogen supplementation. In the 
past, 75% of true hermaphrodites were raised as 
males.! More recently, the distribution has become 
50/50,1°1 although with the current understanding 
of testosterone imprinting, the proportion of patients 
raised as males may rise again. 
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Male pseudohermaphrodite 


Complete androgen insensitivity 


Patients with CAIS present as young girls either with 
a hernia or with amenorrhea. CAIS can be due to a 
spontaneous mutation or can be an X-linked recessive 
disorder. Since the androgen receptor is defective and 
the testes make MIS, both the wolffian and miillerian 
systems involute, and the upper vagina, fallopian 
tubes, and uterus are usually absent. The vagina is 
short and blind ending. Serum LH, FSH, and testos- 
terone are all elevated, since testosterone is unable to 
feedback to the hypothalamus. Patients have a clearly 
female gender identity, presumably because they also 
lack androgen receptor in the brain. At puberty, the 
abundant testosterone is converted to estradiol, lead- 
ing to normal female breast development, without 
pubic hair development (‘hairless women’). Once the 
diagnosis is made, gonadectomy is recommended to 
prevent eventual malignant degeneration of an unde- 
scended testis, usually a seminoma!? (Figure 68.14). 
If the diagnosis is made prepubertally and gonadec- 
tomy is carried out, exogenous estrogen will be 
required to bring on puberty. An alternative is to 
leave the gonads in place and remove them after 
puberty. Since gonadectomy is easier to perform in 
infancy, assists in making the diagnosis of CAIS, and 
eliminates the risk of tumor formation, most patients 
who are diagnosed prepubertally undergo an early 
gonadectomy. Adult patients all require estrogen sup- 
plementation. Patients are not fertile, since no uterine 
tissue is present. If sexual function is impaired due to 
the short vagina, a substitution, skin flap, or Frank 
(dilatation) vaginoplasty can be carried out.!+ 


Figure 68.14 Complete androgen insensitivity syn- 
drome: bilateral inguinal explorations revealed appar- 
ently normal testes. 


Partial androgen insensitivity 


Patients with partial loss of androgen receptor activ- 
ity were previously diagnosed with Reifenstein syn- 
drome, Lub’s syndrome, or Gilbert—Dreyfus 
syndrome, which are now categorized as PAIS. Phe- 
notypically, the genitals range from mildly virilized to 
fully male. There is no pathognomonic enzyme 
abnormality that can be used to define PAIS. Depend- 
ing on the response to testosterone stimulation, 
patients may be raised as male or female. The 
response to exogenous testosterone is not impres- 


sive. 15 


5œ-Reductase deficiency 


This disorder is also known as pseudovaginal peri- 
neoscrotal hypospadias. 50.-Reductase has two forms: 
type 1 is found in non-genital tissue and type 2 is 
found in the genitals. Boys with 5a-reductase type 2 
deficiency have low levels of DHT, so they are born 
with perineal hypospadias, a blind-ending vagina, and 
testes that are usually palpable. At puberty, a rise in 
testosterone level leads to phallic enlargement due to 
peripheral conversion by the normal 5o-reductase 
type 1. Pubic hair does not develop well, and the 
prostate does not enlarge.!°!7 The diagnosis is made 
by a high testosterone: DHT ratio of 50:1, compared 
with the normal ratio of 5-10:1.7 Children with this 
disorder in the Dominican Republic and Papua New 
Guinea are initially raised as females and then change 
their gender identity at puberty to male. There are 
rare reports of fertility in affected men, since most 
men have low-volume ejaculates. Preoperative testos- 
terone stimulation to lengthen the penis has been 
used before hypospadias repair. An improved under- 
standing of how gender identity changes during 
development in patients with 5o.-reductase deficiency 
has resulted in most of these individuals being raised 
as males. 


Persistent mullerian duct syndrome 


Also known as hernia uteri inguinalis, this presents as 
either an undescended testis or an inguinal hernia in a 
boy. Lack of MIS synthesis or a defective MIS recep- 
tor is felt to be the cause. The miillerian structures 
(fallopian tube, uterus, and upper vagina) are inti- 
mately associated with the wolffian structures. There 
is no risk of malignant degeneration of the miillerian 
structures since there is no ovarian tissue, so excision 
is not necessary, and would risk injury to the vas and 
testis. Orchiopexy is felt to be the optimal surgical 
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management, since some men have had children with- 
out assisted reproductive techniques.!® The testes are 
at risk for tumor formation, as are other abdominal 
undescended testes, so if the testis cannot be success- 
fully placed in the scrotum for monitoring, orchiec- 
tomy should be considered. 


Congenital lipoid adrenal hyperplasia 


Previously thought to be due to a defect in 20,22- 
desmolase activity, this condition is actually due to a 
protein — known as steroid acute reaction protein 
(StAR) — controlling the metabolism of 20,22- 
desmolase. Patients are 46,XY, but appear as pheno- 
typic newborn girls, and present with diarrhea, salt 
wasting, and shock, similar to patients with salt-wast- 
ing CAH. Their adrenals are massively distended with 
cholesterol, which cannot be further metabolized. 
They require corticosteroid and mineralocorticoid 
supplementation, and are usually raised as girls after 
the testes are removed.!? 


3 -hydroxysteroid dehydrogenase 
deficiency 


This deficiency is discussed above in the section on 
the female pseudohermaphrodite, and represents the 
only enzymatic defect to cause genital ambiguity in 
both males and females. 


17 B-hydroxylase dehydrogenase (type 3) 
deficiency 


This enzyme is only found in the testis. (17B-Hydrox- 
ylase dehydrogenase type 1 is responsible for catalyz- 
ing the conversion of estrone to estradiol in the ovary 
— see Figure 68.6.) Since androstenedione cannot be 
converted to testosterone and DHT, the external gen- 
italia do not masculinize in 46,XY infants. However, 
androstenedione is able to keep the wolffian duct 
from involuting. The perineum is female, with clitoral 
hypertrophy and a short vaginal pouch. Most patients 
are Palestinians living in Gaza. The diagnosis is made 
by an elevated androstenedione/testosterone level. At 
puberty, increased peripheral (non-testicular) conver- 
sion of androstenedione to testosterone results in vir- 
ilization, and patients change their gender identity 
from female to male, similar to patients with 5a- 
reductase deficiency.”° 


17 0-Hydroxylase/17,20-lyase deficiency 


Females with this disorder have mild clitoral hyper- 
trophy, whereas males have hypospadias. The distin- 


guishing factor is the presence of hypertension, since 
the pathway is directed toward aldosterone synthesis. 
Progesterone, deoxycorticosterone, aldosterone, and 
progesterone/17-hydroxyprogesterone ratio are ele- 
vated.?! 


Mixed gonadal dysgenesis 


Mixed gonadal dysgenesis is the second most likely 
diagnosis in a newborn with ambiguous genitalia. 
Patients have a 45,XO/46,XY karyotype, and present 
with hypospadias and one palpable gonad (Figure 
68.15). Gonadal exploration in the patients with 
ambiguous genitalia shows a streak gonad and ipsilat- 
eral unicornuate uterus, and occasional wolffian struc- 
tures. The contralateral gonad may be a normal or 
dysgenetic testis. Miillerian structures can also be 
found ipsilateral to the testis. Streak gonads and dys- 
genetic testes are removed, and normal testes are 


placed into the scrotum (Figures 68.16-68.18). 


Figure 68.15 Mixed gonadal dysgenesis, showing a 
flat and empty right hemiscrotum in a boy with 
hypospadias. 
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Figure 68.16 Mixed gonadal dysgenesis, postpubertal. 


Enlarged clitoris. (Reproduced from Snyder,’ with per- 
mission.) 


Patients are at risk for developing gonadoblastomas, 
dysgerminomas, and seminomas in the testes. A renal 
ultrasound is helpful to rule out renal masses if the 
clinical diagnosis of Denys-Drash syndrome is made 
(Wilms tumor, renal failure, ambiguous genitalia.) 
Testosterone is required after puberty, and patients 
are usually infertile. If the patient is well virilized, he 
is usually raised as a male, and the hypospadias is 
repaired. 


Turner's syndrome and pure gonadal 
dysgenesis 

Patients with a 45,XO or 45,XO/46,XY karyotype 
present with a combination of webbed neck, shield 
chest, aortic coarctation, horseshoe kidney, and short 
stature, known as Turner’s syndrome. Only 5% have 
a 45,XO/46,XY karyotype.”? Both gonads are streaks 
and are not at risk for tumor unless they are mosaic 
with 45,XO/46,XY. Because of their characteristic 


Figure 68.17 Mixed gonadal dysgenesis. Left intra- 
abdominal testis was removed. (Reproduced from 
Snyder,* with permission.) 


physical findings, these patients are not encountered 
in the newborn period as intersex patients. Growth 
hormone and estrogen supplementation are generally 
required. Patients with gonadal dysgenesis can also 
have 46,XX and 46,XY karyotypes. Although they are 
normal phenotypic females without Turner’s stigmata 
and have fallopian tubes and a uterus, the 46,XY 
patients (Swyer syndrome?) are at risk for develop- 
ing gonadoblastoma, and should have their gonads 
removed (Figure 68.19). 


Gender identity and role: choosing the 
sex of rearing 
The relative importance of environment vs genetics 
on gender identity has been vigorously debated. The 
pendulum has swung from believing that gender 
identity was entirely determined by environment to 
understanding that both genetics and environment 
influence ultimate gender identity. In making the 
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Figure 68.18 Mixed gonadal dysgenesis. Right streak 
gonad was removed, and cycling with estrogen and 
progesterone begun. (Reproduced from Snyder,’ with 
permission.) 


decision regarding gender assignment, the following 
factors should be considered if the ‘optimal gender 
policy’ is followed: possible fertility, sexual function, 
and stable gender identity.24?5 Whereas fertility is 
fairly well understood, the data on eventual sexual 
function are sparse,?°?8 and understanding gender 
identity long term is even more difficult to predict. 
Unfortunately, it is difficult to correlate genital viril- 
ization with gender identity. 

Testosterone undoubtedly ‘imprints’ the prenatal 
brain, and the highly publicized cases of gender reas- 
signment have involved genotypic and phenotypic 
males reassigned as females. Patients choose to iden- 
tify as male or female (gender identity) and also 
behave in different ways (gender role) depending on 
which sex they identify with. Severely virilized CAH 
patients are more likely to change gender identity 
later in life, and less significantly affected patients 
show a more ‘tomboyish’ gender role than control 
patients.?®30 Advocacy groups such as the Intersex 


Figure 68.19 XY gonadal dysgenesis: the streak gonad 
on the left broad ligament (arrow) showed a few testic- 
ular elements on microscopy. 


Society of North America propose that surgery 
should be delayed until patients can make the choice 
for themselves.?! There is no argument that patients 
should be assigned a male or female gender at birth. 
The controversy is over the timing and necessity of 
genital surgery, which hopefully will become clearer 
once long-term data on gender identity and gender 


role are accumulated.32-34 


Key points 


1. Internal genital development depends on the ipsi- 
lateral gonad. 

2. External genital development depends on the pres- 
ence of testosterone and DHT. 

3. A palpable gonad is usually a testis. 

4. Preliminary diagnosis of CAH can usually be made 
based on physical examination and pelvic ultra- 
sound. 

5. There is evidence that testosterone imprints the 
brain prenatally. 
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Anorectal malformation and cloaca 


Curtis A Sheldon and William R DeFoor Jr 


Introduction 


The pediatric urologist must be familiar with the 
management of anorectal malformations (ARMs) and 
cloacal malformations (CMs). ARMs are commonly 
associated with surgically relevant urinary tract and 
vaginal pathology. The pediatric urologist is responsi- 
ble for the management of these defects. Because 
these malformations are relatively uncommon, it is 
vitally important for the reconstructive surgeon to be 
familiar with the embryology, anatomy, and patho- 
physiology of each of these. Considerable morbidity 
ensues if the surgeon fails to manage these defects in 
a thoughtful, deliberate manner. A multidisciplinary 
approach to children with complex cloacal malforma- 
tions is appropriate and involves pediatric general 
surgeons, pediatric urologists, pediatric anesthesiolo- 
gists, and pediatric radiologists. 

Anorectal malformations occur in approximately 1 
in 4000 to 1 in 5000 live births.! Cloacal anomalies 
occur in 1 in 50 000 live births.2 The incidence of 
mortality with ARMs has dropped dramatically over 
time. The morbidity associated with these anomalies 
is extensive and includes psychosocial developmental 
disorders, fecal incontinence, urinary incontinence, 
urinary tract infection (UTI), impaired intercourse, 
impaired fertility, as well as other abnormalities such 
as limb anomalies, vertebral anomalies, neurologic 
deficits, and tracheoesophageal fistulae. 

The history of imperforate anus management dates 
back to the 7th century, where the earliest reports of 
survival with surgery (rupture of an obstructing anal 
membrane) may be found. In 1835, Amusset per- 
formed a perineal proctoplasty. In the 1850s, various 
authors reported the use of colostomy, which opened 
the door for successful management of high ARM. 
An abdominal-perineal pull-through procedure was 
undertaken in the 1880s*+ and advanced further by 
Rhoads et al. In 1953, Stevens promoted a direct 
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sacral approach to reconstruction, and in 1967, 
Kiesewetter combined these approaches into a two- 
stage sacroabdominoperineal pull-through procedure. 
Peña and Hendren ushered in the modern era of 
ARMs as well as cloacal management. They per- 
formed their posterior sagittal approach for the treat- 
ment of these malformations initially in 1980 and 
reported the results soon thereafter.® 

Surgeons recognized the frequent association of 
urologic abnormalities with ARMs.7!! Similar recog- 
nition of the high incidence of spinal cord abnormal- 
ities, including occult spinal dysraphisms such as 
tethered cord, lipomas, neurenteric cysts, and 
diastematomyelia, advanced the management of these 
patients.!?-!5 Patients with ARMs frequently require 
complex urinary reconstruction, for which unique 
concerns must be addressed.!© 

The development of the Malone antegrade conti- 
nence enema or continent cecostomy!” advanced the 
management of fecal incontinence and fecal retention 
in children with neurologic conditions such as 
myelomeningocele. Surgeons now successfully apply 
this procedure to enable fecal undiversion in children 
with ARMs who have previously undergone 


colostomy for refractory fecal incontinence. 18-19 


Spectrum of abnormalities encountered 


We now know that urinary, genital, and anorectal 
development are intimately interconnected. As early 
as 1829, Mayer recognized an association between 
vaginal agenesis and other congenital anomalies.2° 
Kiister and Rokitansky independently confirmed this 
23 emphasized 
the association of vaginal agenesis with skeletal and 
renal anomalies. Thus, the final association became 
known as the Mayer—Rokitansky—Ktister—-Hauser syn- 
drome. Upper tract anomalies are encountered in 


observation.2!22 Hauser and Schreiner 
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approximately one-third of these patients, mostly 
consisting of renal agenesis, renal ectopia, and renal 
fusion anomalies.24?5 Frequent skeletal anomalies 
were also noted, many of which involved abnormal 
cervical and thoracic somite development. Duncan et 
al?° referred to this as the MURCS association: mül- 
lerian duct aplasia, renal aplasia, and cervicothoracic 
somite association. 

Similar to those observations associated with vagi- 
nal agenesis, repetitive patterns of anomalies were 
seen with anorectal anomalies.2”-°” This constellation 
originally became known as the VATER association: 
vertebral, anorectal, tracheoesophageal, and radial. 
Later, it was expanded to the VACTERL association: 
vertebral, anorectal, cardiac, trachoesophageal, 
radial/renal, and limb. 

The presentation of patients with ARM and cloacal 
malformations varies. Some children present with an 
abnormal antenatal sonogram demonstrating renal 
anomalies, associated myelomeningocele, hydrocolpos, 
or exstrophy. Most frequently, patients present with an 
abnormal neonatal examination. In general, this con- 
sists of an absent perineal orifice, most commonly anus, 
occasionally vagina, or both. An abdominal mass may 
be present, often from hydrometrocolpos, urinary 
retention, or hydronephrosis. In addition, an interlabial 
mass may allow detection of hydrometrocolpos. 
Patients may fail to evacuate feces or urine, leak urine, 
or may have a UTI. Older children may fail to men- 
struate or complain of abdominal pain and have an 
abdominal mass from obstructed menstrual flow. 

It is not surprising that an anatomic area of such 
complex anatomy as the perineum, which develops 
over such a brief duration, would have a high inci- 
dence of congenital anomalies. 

Table 69.1 outlines common female congenital 
anomalies involving the urethra, vagina, and rectum. 
Common anorectal abnormalities include anal steno- 
sis, ectopic anus, covered anus, imperforate anus 
(high or low), and atresia. Many vaginal anomalies 
may be associated with anorectal malformation in 
girls, including congenital vaginal obstruction, vagi- 
nal agenesis, and duplication anomalies. Urogenital 
sinus malformations (UGSMs) involve both the 
female urethra and vagina and may or may not occur 
in the setting of intersex. A commonly associated 
vaginal and anorectal abnormality is that of imperfo- 
rate anus with fistula to the vestibular or vaginal 
regions. Rarely, a fistula without imperforate anus is 
present. Cloacal anomalies and cloacal exstrophy rep- 
resent anomalies that involve the urethra, vagina, and 
anorectum. 


Table 69.1 Common female congenital anomalies 


Urethra Vagina Anorectum 
Epispadias Congenital obstruction? Stenosis 
Ectopic Imperforate hymen Ectopic 
ureterocele Transverse septum Covered 
Obstructive Imperforate 
duplications Low 
Atresia High 
Agenesis? Atresia 


With intersex 

Without intersex 
Duplication anomalies? 
Urogenital sinus 

With intersex 

Without intersex 


Imperforate anus with fistula 


Vestibular 
Vaginal 
Fistula without 
imperforate anus 
Cloaca 
Cloacal exstrophy 


a May be associated with anorectal 
malformations. 


Table 69.2 Common male congenital anomalies 


Urethra Anorectum 
Hypospadias? Stenosis 
Epispadias Ectopic 
Isolated Covered 
With exstrophy Imperforate 
Duplication Low 
Agenesis? High 
Stricture? Atresia 
Congenital 
Acquired 
Valves@ 


Imperforate anus with fistula 


Bladder 
Prostatic urethra 
Bulbar urethra 


Fistula without imperforate anus 


Cloacal exstrophy 


a May be associated with anorectal 
malformations. 


Table 69.2 outlines commonly encountered ure- 


thral and anorectal anomalies encountered in the 
male. As in the female, the spectrum of ARMs 
includes anal stenosis, ectopic anus, covered anus, 
imperforate anus, and anorectal atresia. Hypospadias, 
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urethral duplication, urethral agenesis, urethral stric- 
ture, and posterior urethral valves may all be present 
in association with ARMs. The urethra and rectum 
may be jointly involved in those patients who have 
imperforate anus with fistula to the bladder, prostatic 
urethra, or bulbar urethra. Urethral fistula without 
imperforate anus**° occurs, but is relatively rare. As 
with the female, cloacal exstrophy involves a severe 
anomaly of development that involves the urethra and 
anorectum. 


Embryology 


The surgeon who has some knowledge of embryol- 
ogy, however imperfect or controversial, will be 
better prepared to understand the relationship of 
the anus and rectum to surrounding structures and 
to the fistulas that so frequently connect the rectum to 
the genitourinary system.*° 


Allantois Wolffian duct 


(a | V (b) \ 
Closing Y LA 
plate 


Tailgut Cloaca Hindgut 
7.5 mm 9.4 mm 
Ureter 
TD =>} 
ea Uro- 
genital 
sinus 
Rectum Wolffian duct 
17.5 mm 22.8 mm 
(e) JJ 
Perineal < \ 
body 


42 mm 


The limited studies of both normal and abnormal 
human embryos compromise our understanding of 
the embryology of ARM. However, animal studies 
raise major questions regarding the current theories 
of ARM embryogenesis.*! These studies suggest that 
the embryonic cloaca never passes through a stage 
that resembles the ‘persistent cloaca’, which is recog- 
nized clinically. This line of investigation suggests 
that ARMs may arise from a short cloacal membrane 
associated with deficient dorsal cloacal anlage. 
Impaired septation may not ultimately prove to be 
etiologic of ARMs, as classically conceptualized. 
Nonetheless, the classic embryologic concepts remain 
useful because they predict human disease pat- 
terns.4%43 Figure 69.1 depicts a classical approach to 
the embryologic derivation of the rectum, anus, 
vagina, and urethra. The closing plate of the cloaca 
(the cloacal membrane) is composed of only two 
layers, the endoderm and ectoderm, in immediate 
apposition (see Figure 69.la). The urorectal septum 
(see Figure 69.1b) functions as a mesodermal tissue 
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Figure 69.1 Embryology of cloacal and urogenital development. U-GS = urogenital sinus. (From O’Raholly and 


Muller42 and Skandalakis et al.4°) 
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eg Failure of both 


Tourneux and 
Rathke folds 


Failure of Malalignment 
Rathke fold of Tourneux and 
RVF(H) development Rathke folds 


Arrest of 
anal pit 
formation 


Perineal body 
mesoderm 
defect 


Failure of anal 
membrane absorption 


PF 


IAw/oF LM 


AS LM RA LM 


Figure 69.2 Spectrum of anomalies associated with imperforate anus. AS = anal stenosis; CC = common cloaca; 
IA w/o F = imperforate anus without fistula; RF = Rathke fold; RA = rectal atresia; RPUF = rectoprostatic urethral 
fistula; RUF = rectourethral fistula; RVF(H) = rectovaginal fistula (high); RVF(L) = rectovaginal fistula (low); RVeF = 
rectovesical fistula; RVBF = rectovestibular fistula; TF = Tourneux fold; LM = levator muscle; PF = perineal fistula; 
H = hymen. (Redrawn after Paidas and Pena.*°) 
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wedge, the medial portion of which (Tourneux fold) 
is progressively driven caudally toward the cloacal 
membrane by progressive fusion of the lateral ridges 
(Rathke folds) which grow inward from the sides of 
the cloaca. The urorectal septum divides the cloacal 
membrane into the urogenital membrane and the anal 
membrane, which subsequently ruptures (see Figure 
69.1c,d). Differential growth causes the anal mem- 
brane to be displaced caudally and depressed below 
the surface, forming the anal pit. The pectinate line in 
the fully developed human represents the level of the 
anal membrane. Further differential growth separates 
the urogenital and anal orifices with the formation of 
the perineal body (see Figure 69. 1e). 

Paidas and Pena offer an alternative explanation of 
various ARMs, as outlined in Figure 69.2.4 In this 
scheme, failure of the Rathke fold (RF) development 
results in the rectoprostatic urethral fistula (RPUF) in 
males, and the high rectovaginal fistula (RVFH) and 
common cloaca (CC) in females. Similarly, failure of 
both Rathke and Tourneux fold (TF) development 
results in the rectovesical fistula in males and common 
cloaca in females. Malalignment of Tourneux and 
Rathke folds causes rectourethral fistulae (RUF) in 
males and rectovestibular (RVBF) and low rectovagi- 
nal fistulae (RVFL) in females. A mesodermal defect 
at the level of the perineal body results in perineal fis- 
tulae (PF). Partial or complete failure of anal mem- 
brane absorption results in anal stenosis (AS) or rectal 
atresia (RA), respectively. The arrest of the anal pit 
formation results in imperforate anus without fistula, 
while abnormal fusion of the genital folds gives rise to 
the covered anus. 

The developing mesonephric duct induces the for- 
mation of the paramesonephric ducts, which arise as 
coelomic invaginations.” The paramesonephric ducts 
grow caudally to insert into the urogenital sinus. Cau- 
dally, they fuse to become the uterus, while cranially 
the unfused portions become the uterine or fallopian 
tubes. A sinual tubercle develops at the site of inser- 
tion of the solid tip of the paramesonephric duct and 
the urogenital sinus (see Figure 69.1f-h). This inti- 
mate embryologic relationship between the 
mesonephric and paramesonephric ducts explains the 
high incidence of upper tract urinary anomalies 
encountered with anomalous vaginal development. 

The vaginal plate occludes the developing vagina 
(see Figure 69.11). With differential growth, the 
vagina elongates and slides caudally down the dorsal 
surface of the urethra to establish a separate vestibular 
opening, as the vaginal plate desquamates to create 
the vaginal lumen. The hymen represents the junction 


of the sinual tubercle and the urogenital sinus. Failure 
of the hymen to rupture (imperforate hymen) and 
failure of vaginal plate canalization (vaginal atresias 
and vaginal septa) may cause hydrocolpos (obstruc- 
tive fluid distention of the vagina) or hydrometrocol- 
pos (obstructive fluid distention of both the vagina 
and uterus). After menarche, vaginal obstruction may 
result in hematocolpos or hematometrocolpos 
(obstructive distention with blood). Miillerian (or 
uterine) aplasia represents absence of the uterus and 
results from inadequate caudal progression of the 
developing paramesonephric ducts. Here, the distal 
most vagina, ovaries, and external genitalia are 
normal. A unicornuate uterus occurs from develop- 
mental failure of one paramesonephric duct, while 
uterus didelphys (two uteri, two cervices, and two 
vaginas), uterus duplex bicollis (two uteri, two cer- 
vices, and one vagina), and uterus duplex unicollis or 
bicornuate uterus (two uteri, one cervix, and one 
vagina) arise from various degrees of failure of para- 
mesonephric duct fusion. 


Anomalies of anorectal development: 
imperforate anus 


Imperforate anus exists as a large spectrum of anom- 
alies. For this reason, classification systems are essen- 
tial. Stephens and Smith*° presented a classification 


Table 69.3 Wingspread classification of anorectal 
malformations 


Female 


Male 


High 

Anorectal agenesis 
Rectovaginal fistula 
No fistula 

Rectal atresia 


Intermediate 
Rectovestibular fistula 
Rectovaginal fistula 
Anal agenesis without 
fistula 


Low 

Anovestibular fistula 
Anocutaneous fistula 
Anal stenosis 

Cloaca 

Rare malformations 


High 

Anorectal agenesis 
Rectoprostatic fistula 
Rectovesical fistula 
No fistula 

Rectal atresia 


Intermediate 
Rectobulbar fistula 
Anal agenesis without 
fistula 


Low 

Anocutaneous fistula 
Anal stenosis 

Rare malformations 


After Stephens and Smith.4® 
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Table 69.4 Incidence of anorectal anomalies 
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Male Female Total 
High (35%) High (13%) High (26%) 
Rectourethral fistula 81% Cloaca 86% 
Rectovesical fistula 10% Anorectal agenesis without fistula 5% 
Anorectal agenesis without fistula 8% Rectovaginal fistula 5% 
Rectal atresia 1% Rectovesical fistula 2% 
Rectal atresia 2% 


Intermediate (14%) 


Intermediate (7%) 


Intermediate 


Rectobulbar fistula 56% Rectovestibular fistula 54% (11%) 

Anal agenesis without fistula 38% Anal agenesis without fistula 21% 

Anorectal stenosis 7% Rectovaginal fistula 20% 
Anorectal stenosis 5% 

Low (49%) Low (72%) Low (58%) 
Anocutaneous fistula 65% Anovestibular fistula 42% 
Covered anal stenosis 21% Anocutaneous fistula 30% 
Covered anus 14% Anovulvar fistula 17% 

Covered anus 6% 
Covered anal stenosis 4% 
Other 1% 


Miscellaneous (2%) 


From Endo et al.4” 


for anal rectal malformations, outlined in Table 69.3. 
This classification is detailed and anatomically precise. 
A study of 1992 patients with ARMs from Japan*” 
demonstrated the incidence of these anomalies (Table 
69.4). ‘Low’ lesions represented 58% of patients; 
‘high’ and ‘intermediate’ lesions were found in 26% 
and 11% of patients, respectively. Only 13% of 
female ARMs were classified as ‘high’, most of which 
were CMs. In contrast, 35% of males had ‘high’ 
lesions, 81% of whom had rectourethral fistulae. 
‘Low’ lesions occurred in 49% and 72% of males and 
females, respectively, most of which were anocuta- 
neous or anovestibular fistulae. ‘Intermediate’ lesions 
are less common but important because they are man- 
aged as high lesions but appear to be low lesions on 
examination. Brock and Peña?” promoted a classifica- 
tion system that is useful clinically (Table 69.5), 
dividing both males and females into those for whom 
no colostomy is required, for whom colostomy is 
required, and complex malformations. In both males 
and females, those patients for whom no colostomy is 
required represent a rather simple spectrum of ARMs. 
In contrast, those patients requiring colostomy repre- 
sent a more diverse population of patients with more 
difficult anatomic problems. 

The management of the patient with imperforate 
anus is outlined in Figures 69.3 and 69.4. Neonatal 


Miscellaneous (8%) 


Miscellaneous 
(5%) 


Table 69.5 Peña classification of anorectal 
malformations and fistulae 


Female Male 


No colostomy required 
Rectoperineal 
(cutaneous) fistula 


No colostomy required 
Rectoperineal 
(cutaneous) fistula 
Anal stenosis 
Anal membrane 

Colostomy required 
Rectourethral fistula: 

Bulbar 
Prostatic 
Rectovesical fistula 
Anorectal agenesis 
without fistula 
Rectal atresia 
Complex malformations Complex malformations 


Colostomy required 
Vestibular fistula 
Vaginal fistula 
Anorectal agenesis 
without fistula 
Rectal atresia 
Persistent cloaca 


From Brock and Peña.3” 


evaluation begins with a detailed physical examina- 
tion followed by a period of observation usually rang- 
ing between 18 and 24 hours. This not only enables 
medical stabilization and exclusion of important asso- 
ciated congenital anomalies but also helps in deter- 
mining the level of the imperforate anus. Infants who 
pass meconium through the urethra or into the blad- 
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Neonatal evaluation 


Observe 
18-24 h 


Perineal inspection 


(urinalysis in males) | 


Clinically 
classified 


‘Low' ‘High’ 


Male Female Male 


e Perineal fistula 
e Bucket handle 
e Mid-raphe 


e Rocker-bottom 
e Meconium 
in urine 


e Perineal fistula 


fistula 


Neonatal 
PSARP 


Unable to 
clinically level 


Perineal US 


Wangensteen-Rice 
Prone XT lateral 


Radiographically 


leveled 
Female 
e Vestibular 'High' 'Low' 
or vaginal >1 cm <1 cm 
fistula 
Neonatal Neonatal 
colostomy PSARP 


Figure 69.3 Neonatal evaluation and management of patient with imperforate anus. PSARP = posterior sagittal 


anorectoplasty. 


der may be detected by direct inspection or by urinal- 
ysis. This indicates a high imperforate anus. In con- 
trast, those patients who pass meconium through a 
perineal fistula generally have a low imperforate anus. 
In males, the presence of a ‘bucket handle’ abnormal- 
ity or a mid-raphe fistula suggests a low imperforate 
anus. As noted in Figure 69.3, children with a 
‘rocker-bottom’ anomaly or females with rec- 
tovestibular or rectovaginal fistulae usually have a 
high imperforate anus. Those patients with high 
lesions require neonatal colostomy, whereas those 
with a low lesion can be managed with a neonatal 
posterior sagittal anorectoplasty (PSARP). 

Some patients must be clinically classified with 
radiographic evaluation. In these cases, a perineal 
ultrasound, a Wangensteen—Rice ‘invertogram’, or a 
prone, cross-table, lateral X-ray study is very helpful. 
Those infants with a radiographically determined dis- 
tance between the rectal pouch and perineum exceed- 


ing 1 cm have high lesions and those with distances 
less than 1 cm have low lesions. Occasionally, contrast 
injected into a cutaneous or vestibular lesion may help 
to distinguish between an intermediate and a low 
lesion. Recently, magnetic resonance imaging (MRI) 
has been proposed as a tool for depicting the level of 
ARM as well as diagnosing associated anomalies of 
the spinal cord and urogenital system.*8 

As outlined in Figure 69.4, the goals of manage- 
ment in the first few years of life are to protect the 
upper urinary tracts, ensure low-pressure urinary 
drainage, normalize anorectal anatomy, and minimize 
any neurologic deficit that might arise from treatable 
spinal pathology. We evaluate all patients with an 
abdominal sonogram to include the kidneys, a con- 
trast voiding cystourethrogram (VCUG), a spinal 
sonogram, and determination of postvoid residual 
volume of urine (PVR). Depending on these find- 
ings, patients occasionally require intermittent 
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Figure 69.4 Management strategy for imperforate anus (+ = possible). 


catheterization, cutaneous vesicostomy, or even spinal 
surgery. Those patients who receive a colostomy will 
undergo definitive anorectal reconstruction in the 
form of posterior sagittal anorectoplasty (PSARP), 
usually between 1 and 6 months of age, but occasion- 
ally older, depending on the presence of other con- 
genital anomalies. 


The type of colostomy performed is important. 
Pefia*? recommends a colostomy opened at the junc- 
tion of the descending colon with the sigmoid, with 
completely separated stomas. Transverse colostomies 
are difficult to clean and decompress distally, and loop 
colostomies are contraindicated owing to the risk of 
fecal contamination of the urinary tract. Figure 69.5 
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Figure 69.5 This hospital course demonstrates the sequelae of severe urosepsis in a child with imperforate anus in 
whom chronic urinary retention was unrecognized and a partially diverting colostomy was performed for high 
imperforate anus. Urosepsis persisted despite antibiotic therapy and resolved only after appropriate drainage had 


been instituted. (From Sheldon et al."4) 


outlines the course of an infant who received a par- 
tially diverting colostomy for high imperforate anus 
and who had incomplete bladder emptying. This 
child suffered severe urosepsis, resulting in acute 
tubular necrosis and significant azotemia that ulti- 
mately resolved following creation of a vesicostomy 
and revision of the colostomy to an end colostomy. 
Accordingly, patients with rectourinary fistulae, par- 
ticularly, those with incomplete bladder emptying 
and/or vesicoureteral reflux (VUR), should be man- 
aged with a completely diverting colostomy. 

As outlined in Figure 69.4, the goals of manage- 
ment of the preschool and school-aged child with 
ARMs are to ensure social urinary and fecal conti- 
nence and to promote self-esteem and self-care. Fol- 
lowing PSARP, maintenance of anorectal patency is 
generally ensured by gentle anal dilation. Children 
who have previously received a colostomy undergo 
colostomy closure once healing of the PSARP is com- 
plete. These children often develop a severe perineal 
rash owing to the sudden exposure to feces. We min- 
imize this aggressively by applying antifungal oint- 
ment in the early post-colostomy closure period. 

Children who fail to attain fecal continence are 
often managed by dietary or pharmacologic interven- 
tion. Occasionally, enemas may be required to achieve 
continence. Most effective are high cleaning enemas 


administered at night.°? Frequently, the child cannot 
administer the enemas or enemas are not successful. 
In this case, the creation of a continent cecostomy for 
an antegrade continence enema has been helpful. This 
procedure creates a continent, catheterizable channel 
connecting the cecum and the skin. The appendix is 
used for this purpose most frequently; however, 
reconfigured ileum also works successfully. This con- 
cept was first developed and presented by Malone et 
al.17 We have found this procedure effective in chil- 
dren who have extremely deformed and dysfunctional 
anal canals,!8 and it has worked even for children who 
had previously received colostomies for refractory 
fecal incontinence. 

Many children have urinary tract anomalies or fail 
to attain urinary continence and require urinary 
reconstruction. They may present to the urologist for 
the first time after failing toilet training. These chil- 
dren require careful diagnostic evaluation, including 
renal sonogram, contrast VCUG, urodynamics, and 
often a cystoscopy before formal urinary reconstruc- 
tion. Those who have not had previous spinal imag- 
ing require an MRI of the spine. Ultrasound 
evaluation of the spine after age of 6 months is unre- 
liable because of vertebral calcification. 

The surgical management of ARMs (PSARP) is 
illustrated in Figures 69.6 and 69.7.45 We perform 
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Figure 69.6 Surgical management of anorectal malformations (low lesions). See text. (Redrawn from Paidas and 


Peña.^5) 


these procedures with the patient prone, with the 
pelvis elevated into a ‘jack-knife’ position, and with a 
Foley catheter indwelling. Figure 69.6 shows the 
approach to low lesions, as illustrated by the anoper- 
ineal fistula (see Figure 69.6a) and the anal vestibular 
fistula (see Figure 69.6b-e). The perineal fistula in 
both males and females is corrected in the newborn 
without a diverting colostomy. Electrical stimulation 
(see Figure 69.7) allows determination of the posi- 
tion of the anal sphincter. 

The fistula is mobilized through a circumferential 
incision. A vertical incision is created in the posterior 


midline through the external sphincter mechanism, 
enabling the surgeon to transpose the rectum poste- 
rior to the site of the external sphincter mechanism. 
Similarly, the anovestibular fistula is corrected 
through a limited posterior sagittal approach. Many 
surgeons approach this in the newborn period with- 
out a protecting colostomy. Others prefer a 
colostomy, with early subsequent definitive correction 
of the anorectal malformation. In this case, the fistula 
is circumscribed (Figure 69.6b) and a vertical midline 
incision is created, extending through the sphincteric 
mechanism identified by electrical stimulation. 
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Figure 69.7 Identification of the location of the external 
striated muscle complex: (a) prior to stimulation; (b) 
during stimulation. Dimpling localizes the site of the 
muscle complex. 


The rectum is gently dissected free from the under- 
lying vagina to which it is intimately attached (Figure 
69.6c). Once the rectum is sufficiently mobilized to 
prevent tension, the perineal body is reconstructed in 
two layers, establishing clear separation between the 
anus and vagina and the anterior edge of the sphinc- 
ter muscle is approximated (Figure 69.6d). Posteri- 
orly, the muscle complex is approximated and 
anchored to the rectum (Figure 69.6e), following 
which the anocutaneous anastomosis is completed. 

Prior to this approach, the only access to these 
defects was through either the perineum, the 
abdomen, or a combination of the two. Surgical pro- 
cedures frequently involved blind maneuvers with the 
consequent risk of injuring important structures. The 
rectum was pulled down through a path that was 
assumed to be the right one.>! 

We manage high lesions with a similar but more 
extensive approach (Figure 69.8). We illustrate this 


concept in a boy with a rectourethral fistula who pre- 
viously had a diverting colostomy. The patient is 
prone with an indwelling Foley catheter. A midline 
incision extends from the coccyx (which is divided 
distally) to a point through and beyond the external 
sphincter (see Figure 69.8a), identified by electrical 
stimulation. We divide the sphincteric muscle com- 
plex and levator muscle directly in the midline, guided 
by electrical stimulation to minimize any resultant 
nerve injury. We open the rectum distally in the mid- 
line between traction sutures (see Figure 69.8b), 
which enables us to identify the rectourethral fistula 
(see Figure 69.8c,d). We place a series of traction 
sutures just proximal to the fistula, to help develop a 
plane between the rectum and the underlying urogen- 
ital structures (see Fig 69.8e-g). 

Once mobilization is complete, we suture the ure- 
thral fistula closed under direct vision with the pro- 
tection of an indwelling Foley catheter, making 
urethral injury very unlikely. We construct the per- 
ineal body in two layers and approximate the anterior 
edge of the external muscle complex. We approximate 
the levator muscle over the rectum (see Figure 
69.8h), and then approximate the posterior edge of 
the external sphincteric muscle complex and anchor it 
to the rectum to prevent prolapse (see Figure 69.81). 
We complete the anocutaneous anastomosis and close 
the posterior-sagittal incision in layers (see Figure 


69.8)-k). 


Urologic problems associated with 
imperforate anus 


The incidence of structural anomalies of the urinary 
tract is 35% (Table 69.6). A 1987 review of 484 
patients with imperforate anus detailed several critical 


Table 69.6 Structural abnormalities of the 
genitourinary tract 


Series No. GU anomaly 
(%) 
Smith’ 195 60 
Santulli et al® 1166 26 
Belman and King? 143 36 
Wiener and Kiesewetter! 200 28 
Hoekstra®2 150 50 
McLorie et al" 484 38 
Rich et al®? 244 48 
Metts et al54 105 41 
Total 2687 50 


GU = genitourinary. 
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Figure 69.8 Surgical management of anorectal malformations (high lesions). See text. (Redrawn from Paidas and 
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Table 69.7 Genitourinary anomalies in patients with imperforate anus 


High Low 
484 patients Male Female Total Male Female Total Overall 
GU anomalies excluding fistulae 60% 62% 60% 25% 20% 25% 42% 
Renal mortality 7.2% 3.8% 6.4% 1.5% 0.8% 1.1% 3.5% 
GU = genitourinary. 
From McLorie et al." 
Table 69.8 Bilateral upper tract urinary abnormalities threatening renal function 
Symmetric Asymmetric 
Pathology No. Pathology No. 
Bilateral reflux 22, Reflux/agenesis 14 
Bilateral agenesis 16 Reflux/hypoplasia—dysplasia 6 
Bilateral UPJ obstruction 5 Reflux/ectopia 3 
Hypoplasia—dysplasia 1 Reflux/UPJ obstruction 3 
Bilateral duplication Reflux/primary obstructing megaureter 1 
Dysplasia/UPJ obstruction 1 
Agenesis/hypoplasia—dysplasia 3 
Agenesis/ectopia 1 
Total 36 (7%) Total 32 (7%) 


Overall incidence of lesions placing both kidneys at risk = 14%. 
True overall incidence of vesicoureteral reflux (patients screened by voiding cystourethrography) = 44/133 


(33%). 
UPJ = ureteropelvic junction. 
From McLorie et al." 


relationships between imperforate anus and upper 
tract urinary anomalies (Tables 69.7 and 69.8). Fistu- 
lae connecting the rectum with the urinary tract are 
frequently encountered abnormalities. Excluding 
these, structural genitourinary anomalies occurred in 
42% of patients. Non-fistula genitourinary anomalies 
were present in 60% of the patients with high lesions, 
equally in males and females and in 25% of low 
lesions (25% for males and 20% for females). Renal 
mortality occurred in 3.5% of these patients. Death 
from renal failure occurred in 6.4% of patients with 
high anorectal abnormalities (7.2% male, 3.8% 
female). Renal mortality occurred in only 1.1% of 
patients with low anorectal malformations (1.5% 
male, 0.8% female). This reflects the high incidence 
of conditions threatening both kidneys. 

Table 69.8 reviews the incidence of bilateral upper 
tract urinary abnormalities threatening renal function. 
Symmetric bilateral upper tract urinary abnormalities 
occurred in 36 patients (7%) and included bilateral 
reflux, bilateral agenesis, and bilateral hypoplasia—dys- 


plasia. Asymmetric abnormalities occurred in 32 


(7%) patients. Most of these had reflux on one side 
and agenesis, hypoplasia—dysplasia, or obstructive 
pathology on the other. The overall incidence of 
lesions threatening both kidneys was 14%. 

VUR is important in this population of children, 
who also frequently develop UTI and voiding dys- 
function. The incidence of VUR (i.e. the incidence 
encountered in patients who received a screening 
VCUG) was 33%. The presence of a UTI in a child 
with imperforate anus demands prompt and aggres- 
sive evaluation and management. Epididymitis is 
often overlooked, and may reflect UTI in the presence 
of dysfunctional voiding, urethral stricture pathology, 
or may be associated with intermittent catheteriza- 
tion. Epididymitis may also be associated with ectopic 
ureteral insertion into the genital pathway. 

The mean incidence of neurovesical dysfunction is 
25% and varies quite widely among reported series 
(Table 69.9). As expected, high anorectal malforma- 
tions have the greatest incidence. However, neu- 
rovesical dysfunction is frequently present in children 
with low lesions. Therefore, we screen all patients 
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Table 69.9 Incidence of neuropathic bladder in 
anorectal malformation 


Series No. NVD (%) 
Sheldon et al'4 90 24 
Kakizaki et al®® 21 43 
Boemers et al!® 90 57 
Capitanucci et al5® 14 18 
Total 215 25 


NVD = neurovesical dysfunction. 


with ARM. As previously noted, the recognition of 
the high incidence of occult spinal dysraphism has had 
a major impact on the management of these 
patients.!2-1457 Such lesions may progress following 
surgical correction.>”©! Although the timing of sur- 
gical intervention remains controversial, some 
authors suggest that early surgical intervention results 
in the best functional neurologic outcome. 

Screening ultrasonography has proven useful in the 
diagnosis of occult spinal dysraphism in infants.63-64 
Older children generally require MRI for diagnosis. 
The significance of these dysraphic states became 
apparent in the early 1990s. Table 69.10 outlines an 
early experience, where dysfunctional voiding 
occurred in 31% and 5% high and low ARMs, 
respectively. Structural spinal cord pathology was pre- 
sent in 12% and 4%, respectively. One report® sug- 
gests that screening by MRI for occult dysraphic 
myelodysplasia yields an even higher incidence of 
spinal cord pathology. They encountered dysraphic 
states in 17% of low ARMs, 34% of high ARMs, 
46% of cloacal anomalies, and 100% of patients with 
cloacal exstrophy. A recent study from Golonka et al 
reported 27% of those with high lesions and 50% 
with low lesions had a tethered cord by MRI. 


Some surgeons have wondered whether surgical 
correction of ARMs results in the development of the 
neuropathic bladder. Ralph et alô? evaluated 58 
patients with imperforate anus who had reached an 
age of 218 years old. Of these, 43 patients had 
received rectal pull-through procedures while the 
remainder received cutback procedures. They found 
evidence for a neuropathic bladder in 32 patients 
(55%). Ninety-one per cent of these neuropathic 
bladders were hyper-reflexic in nature. Thirty patients 
(52%) had spinal deformities, 21 (70%) of which had 
evidence for neurovesical dysfunction. Only three 
patients (5%) had hypotonic bladders, normal spinal 
anatomy, and high ARMs, and were felt likely to have 
iatrogenic neurovesical dysfunction. Boemers et al®® 
evaluated 32 patients with ARMs who underwent 
PSARP employing urodynamic investigation. In 27 
patients, urodynamic investigation was performed 
both before and after PSARP. No evidence of somatic 
nerve injury was found in this series. Detrusor failure 
suggestive of autonomic denervation occurred in 
three males, two of whom had combined PSARP 
with transabdominal dissection. The authors con- 
cluded that, in the absence of transabdominal dissec- 
tion and significant retrovesical dissection, PSARP 
did not affect lower urinary tract function. De Fillipo 
et alô? also reported that bladder dysfunction does not 
appear to follow a properly performed PSARP. 

Hyperchloremic metabolic acidosis is another 
potential problem for these children.”°7! This condi- 
tion results from urine passing from the bladder 
through a rectovesical or rectourethral fistula into the 
defunctionalized distal limb of colon following initial 
diverting colostomy. The resultant absorption of uri- 
nary constituents by the bowel results in the meta- 
bolic abnormality. The occurrence of this 
complication requires the presence of a urorectal fis- 
tula. A long segment of defunctionalized colon (large 


Table 69.10 Spinal abnormalities in patients with anorectal malformations 


Dysfunctional voiding Structural cord lesion? 


Type of anorectal malformation No. of patients No. % No. % 
High 25 8 31 3 12 
Low 56 3 5 2 4 
Anorectal stenosis 2 1 50 1 50 
Cloaca 5 3 60 - - 

Cloacal exstrophy 2 1 50 1 50 
Total 90 16 18 7 8 


4 Six tethered cords and one lumbar stenosis. 
From Sheldon et al.'4 
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absorptive surface) that communicates with the fistula 
worsens the metabolic imbalance. Distal urinary 
obstruction, which may be structural (stricture) or 
functional (neurovesical dysfunction), also worsens 
this risk. UTI and renal insufficiency may also make 
this metabolic abnormality more likely. Creation of a 
low, fully diverting colostomy and ensuring effective 
bladder drainage helps to avoid hyperchloremic meta- 
bolic acidosis. Once established, hyperchloremic 
metabolic acidosis is treated by the administration of 
oral alkalinizing agents, intermittent catheterization, 
vesicostomy, or early anorectal reconstruction with 
division of the fistula, depending on the clinical set- 
ting. 


Vaginal problems in patients with 
imperforate anus 


Surgeons often overlook and underestimate the long- 
term vaginal and reproductive problems that can 
occur in girls with imperforate anus.” Whereas most 
girls who experience these have cloacal anomalies, 
these anomalies may occur in girls with imperforate 
anus alone. Problems may follow scarring from 
reconstructive vaginal surgery, from primary vaginal 
anomalies, such as vaginal agenesis, or from the sur- 
gical violation of the vagina in the correction of 
imperforate anus associated with rectovaginal fistula. 

Transperitoneal pelvic surgery, needed in many of 
these children, may result in peritoneal adhesions that 
may compromise tubal function, impair fertility, and 
promote ectopic pregnancy. Consequently, it is 
imperative that the managing physician as well as the 
patient is aware of the potential of impaired fertility 
and that the surgeon ensures long-term follow-up. 
Some children require subsequent introital surgery to 
facilitate intercourse. We usually defer this surgery 
until adolescence. 


Anomalies of both anorectal and 
vaginal development: cloaca 


Cloaca is the Latin word for sewer. ... A 
persisting cloaca is normal in birds, reptiles and 
some fish. However, a persistent cloaca can be 
disastrous for the human infant if it is not 
managed properly.” 


The cloaca is one of the most complex congenital 
anomalies for which successful restorative surgery is 
feasible. The approach recognizes that the cloaca rep- 
resents the combination of an imperforate anus and a 


urogenital sinus malformation. Accordingly, all the 
principles already discussed in this chapter are applic- 
able to this complex and highly heterogeneous patient 
population. Cloacal anatomy is sufficiently diverse to 
defy meaningful classification. Rather, it is best 
thought of as a spectrum of abnormalities occurring 
as a continuum, one gradually blending into the next 
(Figure 69.9). 

From a surgical perspective, the level of insertion of 
the rectum is generally immaterial, as all patients are 
managed with an initial diverting colostomy. As with 
the PSARP for imperforate anus, the rectum is 
divided from its site of insertion and mobilized to 
reach the perineum. The configuration of the remain- 
ing urogenital sinus, however, has tremendous surgi- 
cal implications. We manage girls with very short 
urogenital sinus remnants by total urogenital 
advancement,” with excellent cosmetic and func- 
tional outcome. Otherwise, the vagina is dissected 
away from the urogenital sinus. The urogenital sinus 
is closed to become the urethra and the vagina is 
mobilized for exteriorization. A short vagina may 
require interposition with a tubularized vaginal flap 
(most appropriate for cloaca with hydrocolpos) or a 
vaginal switch procedure (most applicable to patients 
with vaginal and uterine duplication). Occasionally, 
bowel interposition is necessary. 

A rare (and unique) form of cloaca is the posterior 
cloaca.” Here, the cloaca drains through a posterior 
orifice rather than the usual anterior orifice. This 
draining orifice may represent a normally positioned 
anus. The surgical management of these infants is dif- 
ferent from that for other cloacal anomalies. 

Figure 69.10 outlines the conceptual approach to 
the management of cloacal malformations. During 
the first phase of management, the surgeon endeavors 
to protect the upper urinary tracts, maintain low-pres- 
sure urinary drainage, normalize the perineal 
anatomy, and minimize any neurologic deficit related 
to spinal cord anomaly. The presence of a cloacal mal- 
formation (CM) is an urgent indication for the cre- 
ation of a colostomy in order to prevent fecal 
contamination of the urinary tract. The colostomy 
should be positioned well away from the lower mid- 
line abdomen, where a subsequent vesicostomy may 
be necessary. Contrast cystography, measurement of 
PVR, and spinal ultrasonography are necessary in all 
patients. We perform genitoscopy at the time of 
colostomy in selected patients, particularly those with 
significant hydrocolpos. Depending on the findings, 
intermittent catheterization, cutaneous vesicostomy, 
or spinal surgery may be indicated. Patients with 
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Figure 69.9 Spectrum of cloacal malformation. (From Brock and Peña?” and Peña and Kessler.’4) 


hydrocolpos require prompt and aggressive manage- 
ment, which may involve intermittent catheterization 
of the urogenital sinus and/or cutaneous vesicostomy. 
Rarely, cutaneous vaginostomy will be necessary. 

By approximately 6-12 months of age, most patients 
are able to undergo posterior sagittal anorectal ure- 


throvaginoplasty (PSARUVP) following careful bowel 
preparation. Patients with a low urogenital sinus 
abnormality undergo an advancement technique,” 
whereas those with a high urogenital sinus anomaly are 
managed by complete cloacal disassembly and reassem- 
bly, as described by Paidas and Peña‘ (Figure 69.11). 


Anorectal malformation and cloaca 


1177 


No hydrocolpos 


+ Intermittent 
catheterization 

+ Cutaneous 
vesicostomy 

+ Spinal surgery 


Low High 
Cloacal disassembly 
Cloacal Urethral Vaginal 
advancement tubularization reconstruction  PSARP 
La Reassembly Pa 
Definitive cloacal 
reconstruction 
Protect 
perineum 
Colostomy closure 
Toilet training 
Renal US Formal urinary Dietary Continent cecostomy 
VCUG reconstruction Pharmacology | Colostomy 
Urodynamics | (4-5 years) Enemas Introitoplasty 
Cystoscopy Vaginal dilation 
+ MRI 


Colostomy 


Reconstructive 
preparation 6—12 months 


Figure 69.10 Management strategy for cloacal anomaly. 
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We position the patient in the prone jack-knife 
position, as for PSARP. The striated muscle complex 
is identified by electrical stimulation and we make a 
midline incision, this time extending from the cloacal 
orifice to the coccyx. The levator muscles are divided 
in the midline under electrical stimulation guidance. 
The cloaca is opened precisely in the midline, expos- 


ing the urogenital sinus, urethra, vagina, and rectum 
(see Figure 69.11a). A row of fine traction sutures 
facilitates dissection of the rectum off its attachment 
to the vagina (Figure 69.11b). The rectum is fully 
mobilized and traction sutures are placed in the 
vagina. The vagina is carefully dissected off the ure- 
thra, which is difficult because of the dense adherence 
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Figure 69.11 Cloacal reconstruction. See text. (Redrawn from Paidas and Peña.^5) 


of these structures, which share a common wall, and and the urogenital sinus tubularized over a catheter to 
because the vagina wraps itself around the dorsal half become the urethra (Figure 69.11d-e). A two-layer 
of the urethra (Figure 69.11c). Often, this dissection closure of skin separates the urethra and the vagina, 
leaves a defect on the anterior surface of the vagina, which is then exteriorized (Figure 69.11f). When a 
which is sutured closed. The vagina is then mobilized vaginal suture line is present, the vagina is rotated 90° 
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to prevent overlapping suture lines and minimize the 
risk of urethrovaginal fistula (Figure 69.11g). The 
rectum and anus are reconstructed, as previously 
described for PSARP. These principles enable recon- 
struction of most complex anomalies with very suc- 
cessful outcomes. Figure 69.12a shows an infant 
following PSARUVP, and Figure 69.12b shows a 


Figure 69.12 (a) Appearance of a child following cloa- 
cal reconstruction by posterior sagittal anorectal ure- 
throvaginoplasty (PSARUVP). (6) Appearance of a 
second patient following = cloacal reconstruction. 


second patient who received cloacal reconstruction. 
She has a neuropathic bladder managed by bladder 
neck reconstruction and intermittent catheterization, 
and a neuropathic rectum managed by continent 
cecostomy. She is continent of both urine and stool, 
and has normal vaginal depth and caliber for her 
age. 

Pena et al have reported long-term outcomes of 
cloacal reconstruction.” This large, single-center 
experience encompasses 339 patients over a 20-year 
period. They identified two distinct groups based on 
the length of the common channel. Patients with a 
common channel >3 cm have more complex malfor- 
mations with more severe associated defects, which 
results in a lower likelihood of having the entire defect 
repaired by a posterior sagittal approach. They believe 
that total urogenital sinus mobilization is a repro- 
ducible maneuver for a successful repair in those with 
a common channel <3 cm. 

Two groups have also reported long-term gyneco- 
logic problems following cloacal reconstruction.”°77 
A number of patients suffer from hematometra or 
hematocolpos at adolescence. It is important to detect 
atresias of the miillerian system early in life and 
reassess these patients at early puberty by imaging and 
perhaps vaginoscopy. Pena et al7° have reported suc- 
cessful conception and delivery in two patients, both 
of whom had a short common channel cloaca. 


Urologic reconstruction in patients with 
anorectal malformations 
Genitourinary reconstruction is best undertaken as 
an integral part of imperforate anus 
reconstruction. Failure to do so results in the loss 
of surgical alternatives, unnecessary reoperative 
procedures and compromised outcomes. 16 


The high incidence of urinary and genital tract 
anomalies in patients with imperforate anus, the mor- 
bidity associated with these anomalies, and the associ- 
ation of these anomalies with those accompanying 
ARMs mandates their integral management as part of 
the surgery for imperforate anus. Consequently, it is 
necessary that the general surgeon has a clear under- 
standing of genitourinary pathology and that the 
pediatric urologist is familiar with the management of 
imperforate anus. 

These patients are at risk for both urinary and fecal 
incontinence. It is inappropriate to treat urinary incon- 
tinence without solving the problem of fecal inconti- 
nence, because patients will still require diapers and 
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will not experience a significant change in their social 
integration. We address these problems concomitantly 
and in a coordinated fashion, as the treatment of one 
may have a significant influence on the management of 
the other. For example, anticholinergic therapy to con- 
trol uninhibited detrusor contractions may adversely 
affect anorectal function by causing constipation. Sim- 
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ilarly, loss of the ileocecal valve with procedures such 
as ileocecocystoplasty may exacerbate fecal soilage in 
patients with ARM by preventing the production of 
formed stool. Furthermore, sigmoid colocystoplasty in 
patients with imperforate anus runs the risk of 
ischemic injury to the anorectum by dividing the 
descending blood supply. 
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Figure 69.13 (a) Genitourinary abnormalities and (b) genitourinary surgical procedures in patients with anorectal 
malformations. NVD = neurovesical dysfunction. (From Sheldon et al.'®) 
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Incidental appendectomy must be avoided, because 
the appendix may be needed for either antegrade con- 
tinence enema or Mitrofanoff neourethral bladder 
access. Imperforate anus surgery must be performed 
with an indwelling Foley catheter, because of the risk 
of inadvertent urethral injury. Inability to pass a 
catheter at the time of anorectal reconstruction is an 
indication for a cystoscopic evaluation and guidance 
in catheter placement. All patients with rectourinary 
fistulae, but especially those with VUR and/or neu- 
rovesical dysfunction, should have a fully diverting 
colostomy with a short distal colonic limb in order to 
prevent ongoing fecal urinary contamination. Place- 
ment of the colostomy is important. Patients at risk 
for future vesicostomy (e.g. high-grade VUR, neu- 
rovesical dysfunction, and hydrocolpos) should have 
the colostomy positioned so as not to interfere with a 
possible subsequent vesicostomy. 

Sheldon has previously outlined the implications of 
genitourinary surgery in patients with ARMs.!¢ 
Figure 69.13a reviews the genitourinary abnormali- 
ties encountered in 90 consecutive patients with 
ARMs managed over a 5-year period. Twenty-three 
patients had genitourinary anomalies requiring surgi- 
cal intervention. Of these, 65% had primary renal 
pathology [9% had end-stage renal disease (ESRD) ], 
87% had collecting system abnormalities placing the 
kidneys at risk, 70% had neurovesical dysfunction, 
and 26% had CMs. 

Figure 69.13b shows the genitourinary surgical 
procedures required for the reconstruction: note that 
70% of children requiring urinary reconstruction ulti- 
mately required intermittent catheterization. The 
presence of a rectourethral fistula in the male may 
impair the ability to perform intermittent catheteriza- 
tion even after the fistula has been divided. Usually, 
intermittent catheterization can be performed with a 
coudé catheter. Diverticula, which may result in infec- 
tion, voiding difficulties, and catheterization prob- 
lems, may be managed by endoscopic fulguration.”® 
Rarely, surgical excision may be required. 

More than 40% of these patients required ureteral 
reimplantation and bladder augmentation. Twenty- 
two percent required bladder neck reconstruction for 
incontinence and 35% required a Mitrofanoff 
neourethra for alternate continent catheterizable blad- 
der access. Nine patients required temporary vesicos- 
tomy, three for neonatal urosepsis, four for 
neurovesical dysfunction and hydronephrosis not 
responding to intermittent catheterization, one to 
control hyperchloremic metabolic acidosis, and one 
to relieve hydrocolpos complicating a CM. 


Importantly, none of the 16 patients with neu- 
rovesical dysfunction had evidence to support PSARP 
as a source of bladder denervation. Further, four 
patients had urethral stricture. At least three of these 
were congenital. The fourth was suspected to be con- 
genital but this was not proven by preoperative ure- 
thrography or endoscopy. 

The 18 surgical complications occurring in 14 of 
these 23 children requiring genitourinary reconstruc- 
tion are particularly instructive. Nine complications 
were secondary to surgery performed before referral 
to the author’s institution. Four patients with a cloaca 
were referred for vaginal reconstruction after previous 
anorectal pull-through with no effort made to correct 
the UGSM. Two of these patients subsequently had 
urogenital sinus surgery using inlay flap techniques, 
and both of these developed urethrovaginal fistulae. 
Three patients had ureteral reimplantation before 
referral, which failed due to the associated neuro- 
pathic bladder. 

Nine complications occurred following referral. 
Two children developed delayed small bowel obstruc- 
tion that necessitated exploratory laparotomy and 
lysis of adhesions. One child experienced intraopera- 
tive vascular collapse from severe latex allergy. One 
patient developed a lymphocele following transplan- 
tation, and one patient developed a mild recurrent 
urethral stricture following urethroplasty for congen- 
ital stricture that urethral dilation addressed. One 
child developed a urethral calculus that occurred sec- 
ondary to urethral erosion of a suture placed for 
approximation of the pubis for cloacal exstrophy 
reconstruction. Two children developed stenosis of 
their catheterizable channels corrected by stomal revi- 
sion. Both had previously undergone incidental 
appendectomy such that one patient required a 
ureteral neourethra and the other a tubularized ileal 
neourethra. One patient reconstructed for a CM 
developed late vaginal stenosis. 

This experience emphasizes several important prin- 
ciples: 


1 Most neurovesical dysfunction and urethral stric- 
tures encountered in patients with ARMs are not 
iatrogenic but congenital in origin. 

2 VUR is usually bilateral or, if unilateral, occurs in 
conjunction with a condition that threatens the 
contralateral kidney. In addition, neurovesical dys- 
function often accompanies the VUR. 

3 Ureteral reimplantation into a dysfunctional blad- 
der usually fails unless the underlying bladder dys- 
function is controlled. 
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Figure 69.14 Vaginal reconstruction employing a bladder substitution technique: (a) total anatomic urinary replace- 
ment; (b) preoperative anatomy; (c) reconstruction employing a perineal inlay flap bladder substitution and an 
appendiceal neourethra. (From Sheldon et al.84 and Sheldon and Welch.35) (d) Appearance of perineum of a child 
with a urogenital sinus malformation, a tiny hypoplastic bladder, and a rudimentary vaginal remnant employing an 
inlay flap bladder substitution technique. (From Sheldon et al.84) (e) Appearance of a child with a urogenital sinus 
malformation, a tiny hypoplastic bladder, and a rudimentary vaginal remnant reconstructed employing an inlay flap 
bladder substitution technique. A composite neobladder (stomach and ileum) was constructed along with a ureteral 
Mitrofanoff neourethra. 
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Figure 69.15 Urinary reconstruction and renal transplantation in a patient with the VATER association: (a) preoper- 
ative appearance; (b) preoperative urinary and colonic status; (c) postreconstructive status. 


4 Prompt and efficient decompression of obstructive 
hydronephrosis is essential in order to optimize 
long-term renal function. 

5 Patients with ARM have a similar risk for latex 
allergy as do the myelomeningocele population. 

6 The combination of neurovesical dysfunction or 
urethral stricture and rectourinary fistulae predis- 
poses the patient to critical neonatal illness such as 
sepsis and hyperchloremic metabolic acidosis. 

7 A low, fully diverting colostomy is most protective 
of the urinary tract. 

8 Patients with a cloaca should never have their 
anorectal and UGSMs corrected separately. 


The best results are attained using a single-stage 
PSARUVP. Those patients who present for correc- 
tion of a UGSM who have previously undergone an 
anorectal pull-through procedure are best corrected 
by reoperative PSARUVP complete with repeat 
mobilization of the rectum. Both patients managed in 
this fashion in this series were successfully recon- 
structed. 


Renal transplantation in patients with 
anorectal malformations 


Renal transplantation in the setting of ARMs and CM 
deserves additional comment. ESRD in this setting 
may considerably complicate management.7?*! Peri- 
toneal dialysis is more difficult, or may be impossible 
in the presence of multiple adhesions from prior 


transabdominal surgical procedures. Surgeons should 
make every effort to preserve the peritoneal cavity in 
the very young, because hemodialysis access is diffi- 
cult and is associated with long-term complications 
such as superior vena cava thrombosis. 

Renal transplantation in patients with ARMs and 
UGSMs is extremely challenging, as the majority of 
these patients with ESRD have major bladder pathol- 
ogy that must be controlled or corrected before trans- 
plantation, in order to optimize outcome. In 
addition, vascular anomalies are relatively common in 
these children.®* Successful renal transplantation, 
however, in the setting of imperforate anus and cloa- 
cal anomalies, can be achieved.7? 8183 

The complex nature of transplant management in 
these patients is illustrated by the following three 
cases. The patient in Figure 69.14 presented with a 
cloacal anomaly with a tiny hypoplastic bladder, a 
rudimentary vagina, and ectopic ureters draining dys- 
plastic kidneys. She underwent creation of a neo- 
vagina using the hypoplastic bladder and then 
underwent total anatomic urinary replacement with 
the creation of an appendiceal orthotopic neourethra 
and an orthotopic gastric neobladder, followed by 
living related donor transplantation. 

The second child was born with cloacal exstrophy 
and had the cloacal plate removed as an infant. She 
was managed with an ileostomy and a cutaneous 
ureterostomy draining a solitary kidney. This kidney 
was lost over the ensuing years from hydronephrosis 
and urosepsis. She presented for renal transplantation 
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and underwent creation of an orthotopic neourethra 
using a segment of ureter and creation of an ortho- 
topic neobladder using a gastric segment. She subse- 
quently underwent renal transplantation. Both of 
these patients with total anatomic urinary tract 
replacement continue to have satisfactory renal func- 
tion and are continent of urine on intermittent 
catheterization.®> 

The third patient (Figure 69.15) presented after 
several decompressive procedures at the referring 
These included a gastrostomy, a 
colostomy with mucous fistula for imperforate anus, a 
vesicostomy for neuropathic bladder, and bilateral 
cutaneous ureterostomies for bilateral hydronephrosis 
accompanied by profound renal insufficiency. This 
child presented with ESRD for transplantation. His 
surgical preparation consisted of posterior sagittal 
anorectoplasty, followed by takedown of colostomy, 
gastrocystoplasty, creation of a Mitrofanoff neo- 
urethra, and native nephrectomy. He subsequently 
underwent living related transplantation. He now has 
excellent renal function and is continent of urine on 


institution. 


intermittent catheterization. 


Conclusion 


The principles outlined in this chapter regarding the 
management of ARMs and CMs, along with the 
advancements in the science of perioperative surgical 
management and transplantation, have enabled even 
those children born with the most devastating con- 
genital anomalies to be restored to health and a func- 
tional social status. 
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Surgery for intersex disorders and 


urogenital sinus 


Mark C Adams and Romano T DeMarco 


Introduction 


Advances in surgical management have improved 
both the cosmetic and functional outcomes of 
patients with urogenital sinus abnormalities and those 
with varying degrees of intersexuality, at least, when 
judged by treating surgeons. Descriptions in early 
textbooks of methods such as clitoridectomy or con- 
venient ‘forgetting’ of the hypoplastic vagina are now 
considered archaic because of improved understand- 
ing of genital anatomy and function. Better exposure 
and innovative techniques have produced surgical 
improvements hardly thought possible half a century 
ago. While our understanding of these complex prob- 
lems is better, it is not complete. Much remains to be 
learned about female genital function, the affects of 
surgery on genital innervation, and the significant 
psychological affects of these problems and their 


reconstruction on the patient. 


Genital development and implications 
for surgery 


Normal development in any organ system proceeds 
through a highly regulated and complex cascade of 
interactions. Errors in development virtually always 
occur in a spectrum of severity and can lead to minor, 
inconsequential aberrancies or profound problems 
affecting patient survival. Similarly, embryologic 
errors in the urogenital tract have a wide range of 
magnitude. Genitourinary embryology is discussed in 
detail in Chapter 67. 

Under the influence of SRY (the sex-determining 
region of the Y chromosome) the bipotential gonad 
should differentiate into a testis near the 7th week of 
gestation. Normal phenotypic expression of male dif- 
ferentiation is then actively controlled by secretion of 
MIS (miillerian inhibiting substance) by Sertoli cells 
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and testosterone by Leydig cells. MIS causes rapid 
regression of the paramesonephric (miillerian) ducts 
between the 8th and 10th weeks. In normal females, 
the absence of the Y chromosome and SRY protein 
secretion leads to the formation of ovaries without Ser- 
toli or Leydig cells. The absence of such cell types pre- 
vents elaboration of MIS and androgens. Subsequently, 
the paramesonephric ducts give rise to the fallopian 
tubes, uterus, and the upper two-thirds of the vagina. 
The distal third of the vagina is formed from endoder- 
mal tissue, the sinovaginal bulb. In simple terms, the 
female phenotype has been thought of as the passive or 
default sex, forming in the absence of the Y chromo- 
some. Exceptions to this cascade do exist.! 

In a sense, normal males have a persistent urogeni- 
tal sinus with ultimate entry of the wolffian ducts as 
well as a remnant of the miillerian system at the veru- 
montanum. It would seem, therefore, that the most 
proximal confluence of a persistent urogenital sinus in 
a female would be the area of the proximal urethra. 
Whereas the vast majority of girls with a urogenital 
sinus anomaly have a confluence at that level or more 
distally, exceptions do occur. The vagina may be 
found entering the bladder itself even cephalad to the 
level of the ureteral orifices. It is not known whether 
the miillerian duct opening may migrate into the 
bladder in tandem with the ureteral bud or whether 
there is simply an abnormal breakdown in communi- 
cation between these intimate structures. 

The normal vagina has two embryologic compo- 
nents. The complex development may contribute to 
the typical appearance of the vagina in the setting of a 
urogenital sinus. The distal portion of the vagina is vir- 
tually always narrow for a variable length (Figure 
70.1). Recognition of that finding is critical in surgical 
reconstruction. Failure of flaps to reach all the way 
through the narrow segment and well into the more 
normal proximal portion may ultimately lead to steno- 
sis. The paramesonephric ducts and entire miillerian 
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Figure 70.1 Genitogram on a female with a urogenital 
sinus. No matter the level of confluence, the distal 
vagina (arrow) is usually narrow. 


system are initially paired structures which should fuse 
distally in the midline. Errors in fusion do occur,” and 
patients with a persistent urogenital sinus or cloaca 
may be at increased risk for such problems (Figure 
70.2). In the setting of a urogenital sinus, the finding 
of a vagina to either side of the midline should arouse 
suspicion that a second vagina, even if obscure or 
obstructed, may well exist on the other side. Failure to 
recognize the second vagina at the time of reconstruc- 
tion may eventually lead to hydrometrocolpos. 


Classification scheme 


A urogenital sinus abnormality is present when a per- 
sistent communication occurs between the genital 
and urinary tract in the female. Typically, the urethra 
and vagina are joined and exit to the perineum as a 
common channel. If there is associated rectal involve- 
ment and imperforate anus with a single perineal 
opening for all three structures, a persistent cloaca or 
cloacal anomaly exists. A urogenital sinus with an 
anteriorly displaced rectum may represent the form 
friiste of a persistent cloaca. Such a finding may have 
implications for rectal function and exposure during 
surgical reconstruction of the urogenital sinus. 
Patients with urogenital sinus anomalies commonly 
have associated abnormalities of the clitoris, labia, and 
external genitalia. The most common etiology of a 
persistent urogenital sinus is congenital adrenal 
hyperplasia (CAH). 

The most useful classification schemes for urogeni- 
tal sinus anomalies relate to the level of the confluence 
of the urethra and vagina. Hendren made a landmark 
contribution to genital reconstructive surgery when 


Figure 70.2 Postnatal ultrasound on newborn with 
urogenital sinus and duplicate vagina (V). Such vaginal 
distention with urine may be noted on antenatal stud- 
ies. B = bladder. 


he divided urogenital anomalies into those with a 
confluence above or below the female external sphinc- 
ter and suggested that a different surgical approach 
was indicated for the two types.? In females with 
extreme virilization related to CAH, the external 
sphincter may be well developed and quite obvious. 
In most females, the sphincter mechanism may be 
indistinct and the level of the pelvic floor a more reli- 
able landmark. The absence of a well-defined external 
sphincter in such patients has led to subjective classi- 
fication based on the level of confluence as low, mod- 
erate, or high. It is important to recognize that the 
level of the confluence should be considered relative 
to the bladder neck and not the external meatus. Vir- 
ilization of the distal urethra or urogenital sinus may 
create a confluence that is distant from the meatus yet 
still relatively low. The critical determinant, therefore, 
is the distance from the bladder neck to the conflu- 
ence as it affects reconstructive surgery (Figure 70.3). 
Rink et al* have proposed a more rigid classification 
scheme based on careful measurements from both 
directions. 

The nature of the urogenital sinus distal to the con- 
fluence should also be considered. Hendren described 
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Figure 70.3 Endoscopy. A vaginal opening (V) this 
close to the bladder neck (BN) represents a high con- 
fluence no matter the distance from the external 
meatus. 


the urogenital sinus distal to the confluence as ure- 
thra-like or vagina-like based on circumference.” This 
difference has typically been applied in descriptions of 
a persistent cloaca but may be useful for isolated uro- 
genital sinus anomalies as well. The difference 
between the two has potential ramifications on surgi- 
cal reconstruction in terms of the amount of local 
tissue available for reconstruction of the urethra or 
vagina. 


Evaluation 


A thorough evaluation of the newborn with a uro- 
genital sinus should be completed expeditiously. 
Immediate attention to and stabilization of any fluid 
or electrolyte imbalance is paramount. Delays in 
appropriate medical evaluation of those patients with 
CAH and unrecognized salt wasting carry significant 
risks. Initial screening studies in such patients include 
assessment of serum electrolytes, biochemical assays 
screening for CAH, and evaluation of karyotype using 
cultured peripheral leukocytes. A multidisciplinary 
assessment is initiated, including medical profession- 
als from neonatology, endocrinology, child psychia- 
try, medical genetics, urology, and at times medical 
ethics. Gender assignment based on karyotype and 
potential for genitourinary function should be made 
after discussion within the entire treatment team and 
the parents. A child should not be named until the 
appropriate gender assignment is made. 


History/physical examination 


A careful maternal and family history is mandatory. 
Maternal use of alcohol or drugs and exposure to 
androgenic substances as well as a family history of 
previous neonatal death, infertility, genital ambiguity, 
abnormal pubertal development or inguinal hernias 
associated with retained miillerian structures may 
contribute to proper diagnosis. 

Physical examination of the child is important and 
may provide further clues. The general well being of 
the child should be assessed. Signs of dehydration and 
lethargy suggest a diagnosis of CAH. Patients with 
11 B-hydroxylase deficiency may be hypertensive. The 
abdominal examination should note any lower, mid- 
line abdominal masses which might represent a dis- 
tended bladder or vagina. The back should be assessed 
for any findings associated with an underlying neuro- 
logic anomaly. Gonads are palpated to determine 
location, number, size, and associated structures such 
as an epididymis and vas deferens. Rectal examination 
should carefully evaluate the location of the anus, and 
palpation with the little finger may identify the mid- 
line cervical cap or uterine tissue. Careful inspection 
of the female introitus is required to identify an iso- 
lated urogenital sinus if no clitoral or labial abnor- 
malities are present. 


Radiographic evaluation 


Ultrasound is a valuable adjunct to physical examina- 
tion in these patients. The newborn period is the opti- 
mal time for evaluation because maternal hormones 
make the ovaries and uterus more prominent.® The 
spinal cord may also be evaluated for cord tethering. 
Although sometimes helpful, the sensitivity for locat- 
ing a non-palpable or intra-abdominal gonad with 
sonography is at best 60%.” Hydrocolpos, in this set- 
ting usually related to retained urine, and bladder dis- 
tention are easily seen with sonography. Likewise, the 
kidneys should be evaluated for hydronephrosis, dys- 
plasia, and agenesis. Additionally, patients with CAH 
usually have a cerebriform appearance of their adrenal 
glands that may be helpful in diagnosis.® 

All patients with a urogenital sinus anomaly should 
undergo contrast genitography. These studies require 
interest, skill, and determination on the part of the 
radiologist. The study may be performed by insertion 
of the tip of a Foley catheter into the opening of the 
urogenital sinus. The balloon may then be inflated 
outside the meatus to prevent spillage of contrast, and 
retrograde instillation of radiopaque dye used to define 
the anatomy. In many cases it is then possible to 
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advance a feeding tube into the bladder for formal 
voiding cystourethrography. Proper studies should 
define the length of the common sinus and the level of 
confluence. Pelvic magnetic resonance imaging (MRI) 
may, at times, add anatomic detail or understanding. 


Endoscopic evaluation 


Endoscopic evaluation of the anatomy is critical and 
should be performed on all children with a urogenital 
sinus. Generally, this is done under the same anes- 
thetic as open reconstruction, particularly for lower or 
intermediate lesions. If the anatomy is not well under- 
stood after radiographic evaluation, particularly in the 
presence of a high confluence or after failure to iden- 
tify any vaginal structure on genitography, cystoscopy 
may be performed alone in order to better understand 
or delineate the anatomy and better prepare the 
patient and family for reconstructive surgery. 


Further studies 


In rare circumstances usually related to the diagnosis 
of intersex, the definite diagnosis may remain elusive 
after conventional studies. At times, relatively pro- 
longed hormonal stimulation to evaluate the presence 
and function of testicular tissue may be indicated. 
Gonadal biopsy may be necessary for diagnosis. An 
adequate biopsy requires a full length, deep longitu- 
dinal incision into the gonad to ensure adequate tissue 
sampling. This may be done in an open fashion or 
laparoscopically. Such a procedure allows for thor- 
ough examination of the pelvis and abdomen for miil- 
lerian and wolffian structures. 


Surgical techniques 


Timing 

Significant improvements in surgical techniques and 
outcomes have occurred over the past several decades. 
Despite these apparent improvements, controversies 
remain. Intersex advocacy groups, patients, and some 
medical professionals still question the timing of 
surgery and whether reconstruction should be per- 
formed at all until the patient can contribute to 
informed consent. Discussions with a multidiscipli- 
nary team and parents must address these controver- 
sies prior to female genital surgery. Today, most 
genital reconstructive surgery is performed with 
respect to genetic sex. Only in very rare situations is 
gender conversion considered. 


Most girls with a urogenital sinus diagnosed as 
infants have CAH. It is generally accepted that cli- 
toroplasty for those patients is best performed in the 
first few months of life. Waiting several months 
allows good stabilization of the patient from an 
endocrine and metabolic standpoint. Appropriate 
medical treatment will, at times, produce improve- 
ment in the external virilization, but seldom results in 
complete normalization. Relatively early intervention 
may carry the benefit of thicker, more vascular skin 
and easier dissection or manipulation of the clitoris 
and paravaginal tissue related to maternal estrogen 
stimulation. There may also be some psychological 
benefit for the parents from early correction of the vir- 
ilized external genitalia. 

In contrast to timing of clitoral reduction, the opti- 
mal age for vaginal reconstruction is more controver- 
sial. It is our belief that total genital reconstruction 
with vaginoplasty should be performed as a single 
stage with clitoroplasty within the first several months 
to first year of life. This is particularly true for patients 
with CAH, most of whom have clitoromegaly and a 
low to moderate confluence of the urogenital sinus. 
Potential benefits include improved tissue transfer and 
reduced scarring secondary to estrogen stimulation, 
minimization of parental anxiety over the child’s con- 
dition, and earlier self-acceptance of the child’s gender 
identity and genital anatomy. It must be noted that 
delayed vaginal construction is recommended by 
some surgeons.” Early vaginal reconstruction may 
carry an increased risk for an element of vaginal steno- 
sis when evaluated in the adolescent or young adult.!° 
Advocates for delayed reconstruction note psycholog- 
ical concerns in older patients with subsequent vagi- 
nal stenosis particularly when vaginal dilatation is 
required. It is not clear that the psychological impact 
of later, major reconstruction for vaginoplasty will 
carry a lesser psychological impact on the patient. We 
favor complete, early repair as we have found the 
exposure and surgical reconstruction then to be con- 
siderably easier than in an older patient and value the 
increased availability of genital skin from the clitoris 
for vaginal reconstruction. 


Patient preparation 


Most children undergoing vaginoplasty for a urogen- 
ital sinus anomaly, unless the confluence is extremely 
low, undergo a full bowel preparation using a poly- 
ethylene glycol and electrolyte solution such as Go- 
LYTELY. For young children, this preparation is 
done as an inpatient with bowel catharsis adminis- 
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tered by a nasogastric tube. Adolescent patients may 
self-administer the bowel preparation orally at home 
with parental guidance. A series of oral antibiotic 
doses are often administered as well as perioperative 
broad-spectrum intravenous antibiotics. 

After general anesthesia is administered, the child is 
usually placed in the dorsal lithotomy position for 
endoscopy. Even if endoscopy has previously been 
performed in the newborn period, we generally repeat 
endoscopy at the time of surgical reconstruction, as 
the internal genital findings may be much more obvi- 
ous in an older patient. The rectum and distal colon 
may be irrigated clear of any residual fecal matter at 
this time. For higher lesions, a Foley catheter is placed 
into the bladder, and a second catheter, either a Fog- 
arty or Foley, is placed into the vagina. Cystoscopy 
aids in confirmation of catheter placement in the 
appropriate position. 

Surgical preparation is dependent on the extent of 
the planned reconstruction and surgeon preference, as 
well as on the age of the patient. In all but the lowest 
of urogenital lesions, we perform a full, lower body 
prep from the nipple to toes, front and back (Figure 
70.4). The catheters are kept sterile and prepped into 
the surgical field. The feet and lower legs are 
wrapped, and the patient passed through an aperture 
in the surgical drape. This preparation allows expo- 
sure to the entire lower body in both the prone and 
supine position. It is simple and safe to move smaller 
patients between the two positions. It is often helpful 
to perform the external feminizing genitoplasty with 
the patient supine, while exposing and repairing the 
proximal sinus in the prone position. Trying to prep 
and move a larger teenage patient in a similar fashion 
may be cumbersome and impractical. If prone posi- 
tioning is desired for exposure and vaginoplasty in 
such patients, a modified skydiver position may be 
used. Positioning and padding must be utilized care- 


fully to avoid injury. 


Feminizing genitoplasty 


The surgical management of the child with cli- 
toromegaly has undergone marked evolution from 
early methods that advocated clitoral amputation. 11-12 
Although satisfactory cosmetic results were reported 
after such procedures,!* impairment in orgasm and 
psychosexual development were later noted.!* The 
first attempts at sparing the clitoris with modification 
of the appearance involved clitoral recession or con- 
cealment.!>-!7 All current techniques have preserva- 
tion of clitoral sensation and function as their 


Figure 70.4 Lower body preparation. The preparation 
allows supine and prone approach. Smaller patients 
may be easily turned between the two positions. 


cornerstone. Those repairs are based on Schmid’s 
landmark description of corporeal body excision and 
neurovascular bundle conservation.!® Early reports 
described complete excision of the corpora cavernosa 
of the phallus, including the tunica, while the neu- 
rovascular bundle was preserved only with Buck’s 
fascia.!° It then became clear that subtunical resection 
of the corporeal erectile tissue with preservation of 
the dorsal tunica might protect the glanular nerve and 
blood supply.?° Recently Baskin and colleagues have 
suggested that a more ventral tunical incision may be 
prudent after carefully demonstrating lateral fanning 
of the clitoral nerve supply.” Other interesting work 
has helped to define the spatial relationship of the 
normal clitoris, urethral meatus, vaginal introitus, and 
other anatomic landmarks,?? as well as begun to 
examine which areas of external genital skin may be 
most involved in genital sensation and orgasm.” 
Clitoral resection is performed with the child 
supine with legs spread or in a low lithotomy posi- 
tion. A traction suture is placed in the glans clitoris, 
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Figure 70.5 Feminizing genitoplasty. The dashed lines mark the initial incisions. (From Rink RC, Adams MC,?6 with 


permission from Springer Science and Business Media.) 


(a) 


(b) 


Figure 70.6 Corporeal reduction. (a) The urethral plate and spongiosum are mobilized off the ventral corpora. The 
dashed line shows the ventromedial incision into tunica on either side. (b) The erectile tissue is excised with ventral 
tunica. (Adopted from Rink RC, Kaefer M,'°2 with permission from Elsevier.) 


and the initial incision is marked and made in a cir- 
cumcising fashion just off the glans over the dorsum 
and lateral aspect of the clitoris. Ventrally, the inci- 
sions are carried in a parallel fashion from distal to 
proximal on either side of what would be the urethral 
plate (Figure 70.5). These incisions are carried proxi- 
mally to the urethral meatus. The lines of incision and 
base of the clitoris may be infiltrated with 1:200 000 
epinephrine with or without lidocaine for aid in 
hemostasis. Incisions are carried down to Buck’s 
fascia and the clitoris degloved of phallic skin. The 
urethra is generally left attached to the glans with con- 
sideration of glanular blood supply while the urethral 


plate with spongiosum is dissected off of the corpora 
cavernosa to expose the ventral tunica of the caver- 
nosa. 

The tunica of the corpora are incised proximally at 
their bifurcation on the ventromedial side (Figure 
70.6). Longitudinal incisions are carried out towards 
the glans all the way through the tunica to expose the 
erectile tissue. Erectile tissue is sharply excised from 
the proximal bifurcation out to the level of the corona 
along with the ventral tunics. The proximal ends of 
erectile tissue may be oversewn or suture ligated for 
hemostasis. Even after treatment with steroids, the 
glans clitoris may be remarkably enlarged. If so, the 
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Figure 70.7 Labioplasty. (a) Redundant dorsal phallic skin is mobilized and incised in midline. (b) The phallic skin is 
used as labia minora on either side. Y-V plasty is performed on the labia majora. The posterior flap is advanced into 
the vagina. (Adapted from Rink RC, Adams MC,?° with permission from Springer Science and Business Media). 


glans may be reduced by excising a wedge of glanular 
tissue on the ventral surface. Baskin et al have shown 
that ventral excision of the glans is the most appro- 
priate when considering the nerve supply.?! The 
reduced glans should be approximated to the base of 
the corporeal bodies by anchoring sutures. The loca- 
tion of the glans should give consideration to the 
position of the clitoral hood and symphysis pubis. 
Feminizing genitoplasty also involves construction 
of labia minora from clitoral skin as well as modifica- 
tion of the labia majora (Figure 70.7). The phallic 
skin is released dorsally and unfurled by mobilizing 
the inner from outer prepuce. The skin is then usually 
incised in the dorsal midline. The midline incision is 
stopped short of the base of the phallus in order to 
preserve an appropriate hood over the dorsal clitoris. 
The excess skin is rotated ventrally, trimmed, and 
approximated to either side of the urethral plate medi- 
ally as well as the modified labia majora laterally. The 
flaps, as such, serve as labia minora. Alternatively, the 
phallic skin may be used for an anterior vaginal flap in 
more proximal repairs. The labia majora, as the result 
of virilization, are initially short and rounded. Aggres- 
sive incision around the medial, posterior, and lateral 
aspect of the labia majora on either side allows the 
labia to be lengthened and narrowed using a Y-V 
plasty. This plastic reconstruction of the labia is often 
performed in conjunction with flap vaginoplasty, and 
modifications in the posteriorly based vaginal flap 
may allow the labia from either side to swing inwards 


posteriorly and avoid an overly wide posterior introi- 
24 
tus. 


Surgical correction of the low confluence 
Cutback vaginoplasty 


A cutback vaginoplasty is a simple procedure per- 
formed in the patient with labial fusion. This tech- 
nique involves incision of the fused skin posteriorly to 
the perineum to expose the vaginal orifice. The 
incised lateral edges are oversewn. Whereas such a 
procedure is simple and may produce a good result in 
the appropriate patient, it is only a consideration in 
patients with a common urogenital sinus on the phal- 
lus with confluence of a normal vaginal opening at the 
level of the perineum. That combination is extraordi- 
narily rare; thus the procedure is very rarely, if ever, 
indicated. 


Flap vaginoplasty 


Flap vaginoplasty is best suited for those patients with 
a low confluence of the urogenital sinus. The perineal 
skin incision is marked and made as a broad-based, 
inverted U-flap.?° The closed end of the flap is created 
at the posterior lip of the meatus of the urogenital 
sinus, and the lateral margins should be well inside the 
ischial rami. The flap may be variable in length, 
depending on the length of the urogenital sinus; how- 
ever, the posterior extent should leave a normal-sized 
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Figure 70.8 Omega flap. Skin elements may be excised carefully at the base of the flap to create a more normal- 
appearing posterior introitus. Subcutaneous tissue and blood supply should be preserved at the base. 


perineal body. Design of the flap should respect con- 
siderations of the length versus width so as to ensure a 
good blood supply. Maintaining a U shape rather than 
narrow V shape at the tip anteriorly helps to make sure 
that the end of the flap is not ischemic.”° The skin flap 
should be mobilized away from the posterior aspect of 
the urogenital sinus while maintaining a thick layer of 
subcutaneous tissue and fat with the flap. This mobi- 
lization exposes the urogenital sinus, which is eventu- 
ally incised in the midline posteriorly. The incision is 
carried into the vagina and must extend through the 
distal vagina, which is typically narrow. Failure to 
place the flap well into the proximal vagina that is 
normal in circumference may result in stenosis. The 
flap of perineal skin is advanced into the vagina and 
secured with interrupted absorbable suture and should 
reach without tension (see Figure 70.7). 

The broad-based flap may create an abnormal 
appearance to the introitus posteriorly when the labia 
are spread. Careful trimming of the dermis and epi- 
dermis at the base of the flap may allow creation of a 
rhomboid or omega shape without sacrificing viabil- 
ity of the flap” (Figure 70.8). Posterior excision of 
the skin should not be so extreme as to compromise 
the vascularity of the flap, and the subcutaneous tissue 


must be carefully preserved at that level. Modification 
of the flap allows subsequent use of the labia to pro- 
vide some posterior closure of the introitus and a 
more normal appearance. 

It should be noted that flap vaginoplasty does not 
totally correct the urogenital sinus. Without any sep- 
aration of the vagina from urethra and lengthening or 
advancement of the urethra itself, the patient is still 
left with a urogenital sinus. The sinus, however, is 
much broader distally and may, therefore, not be of 
any functional or cosmetic significance. Conse- 
quently, flap vaginoplasty should not be a viable sur- 
gical option for correction of a high-confluence 
urogenital sinus. One appropriate role for total uro- 
genital mobilization may be to advance the level of 
confluence towards the perineum in a patient with a 
moderate-level lesion in order to make conventional 
flap vaginoplasty an appropriate technique for repair. 


Surgical correction of the higher 
confluence 

Pull-through vaginoplasty 

This repair, as described by Hendren and Crawford,? 


was a landmark advance in female genital reconstruc- 
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Figure 70.9 Pull-through vaginoplasty. The vagina is mobilized off of the urogenital sinus and advanced to the per- 
ineum. The sinus is closed to creat the urethra. (Adapted from Hendren WH, Crawford JD,’ with permission from 


Elsevier.) 


tive surgery; its basic principles still apply for children 
with higher lesions. Hendrems initial description 
includes the use of shallow, opposing U-shaped inci- 
sions on the perineum at the spot for placement of the 
eventual vaginal introitus*° (Figure 70.9). Dissection 
is then made parallel and slightly posterior to the distal 
urogenital sinus until the vaginal catheter is encoun- 
tered. A finger placed in the rectum may help maintain 
the proper plane of dissection posteriorly. The vagina 
is divided at its entrance to the sinus and then mobi- 
lized extensively. The proximal urogenital sinus at the 
site of prior confluence is closed, and the urogenital 
sinus used as a functional urethra. As originally 
described, the vagina is mobilized extensively in a cir- 
cumferential fashion. The proper plane of dissection 
between the proximal urethra and anterior vagina is 
always quite difficult. For the first several millimeters, 
there is often virtually no connective tissue between 
the mucosa of the two structures. Dissection must 
continue through this difficult area in order to achieve 


adequate mobilization, and Hendren® and others?” ini- 
tially promoted mobilization of the vagina to the 
extent that it could be advanced as is to the perineum. 
Avoidance of the bladder and urethral sphincter mech- 
anisms is mandatary as one proceeds proximally. In 
general, it is better to err by dissecting too close to the 
vagina than on the side of the bladder or urethra. This 
method is technically challenging, largely as a result of 
the limited exposure to the critical area of the conflu- 
ence. Early results produced an isolated and separate 
vaginal opening that was cosmetically unappealing. 
Additional problems related to vaginal stenosis have 
been reported and may be due to tension created by 
attempts to mobilize a relatively thin vagina all the way 
to the perineum.78 


Exposure 


Much of the difficulty with pull-through vaginoplas- 
ties is related to exposure of the high confluence, and 
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modifications have been described to improve the 
approach to the critical proximal area. Passerini- 
Glazel in 198928 popularized Monfort’s transtrigonal 
approach in which the vagina is approached from a 
midline incision in the posterior wall of the bladder. 
It does provide superb exposure to a very high lesion 
but is usually not necessary. During dissection from 
below, simple incision of the posterior wall of the 
entire urogenital sinus from the meatus to the level of 
the confluence may improve exposure over that 
achieved when leaving the distal portion intact. Open- 
ing of the entire sinus then necessitates subsequent 
tubularization of the same structure for use as a ure- 
thra and theoretically increases the length over which 
a urethrovaginal fistula may occur. Most such fistula, 
however, when they occur, do so at the level of the 
initial confluence where the exposure and repair are 
most tenuous. Anything done to improve exposure 
and the quality of the repair at that level may ulti- 
mately be advantageous. This extended incision into 
the sinus is particularly beneficial when the distal 
anomaly is vagina-like. Such a lesion requires tapering 
distally to achieve a more normal urethra. 

The persistent cloaca is a more complex lesion than 
a urogenital sinus because the rectum is also involved. 
Cloacal anomalies are generally approached and 
repaired through a posterior sagittal incision extending 
from the coccyx. Once the rectal fistula has been 
removed and the more proximal rectum mobilized, the 
patient is left with a urogenital sinus that is nicely 


(a) 


exposed through an incision that is much longer in the 
sagittal axis. Reports do exist of a posterior sagittal 
approach to a high urogenital sinus with splitting of the 
rectum either completely or anteriorly.” Such expo- 
sure is superb but potentially adds morbidity and is 
generally not necessary. Rink et al? encouraged the use 
of an anterior sagittal prone approach without division 
of the rectum. This approach provides excellent expo- 
sure during the difficult mobilization of the vagina off 
of the posterior urethra and bladder neck and does not 
preclude use of an inverted U-shaped incision as 
described for flap vaginoplasty. The procedure begins 
with the child supine, and the initial steps of clitoro- 
plasty, if necessary, are performed. Initial dissection 
onto the posterior aspect of the more distal sinus is 
begun in the supine position. The patient, prepped 
from nipple to toes, front and back, is then turned 
prone. The dissection, with remarkably better visual- 
ization after the change in position alone, is continued 
between the posterior wall of the urogenital sinus and 
the rectum in the midline. The intact rectum is dis- 
placed superiorly with a malleable retractor, and the 
urogenital sinus is opened well into the vagina (Figure 
70.10). The same malleable retractor can then be 
placed into the vagina to provide excellent visualization 
anteriorly. Following aggressive anterior vaginal mobi- 
lization, the urogenital sinus is closed in several layers 
over a urethral catheter, creating a neourethra. Gener- 
ally, several layers of tissue can then be approximated in 
the midline to separate the vagina and urethra. 


Figure 70.10 Prone exposure to high confluence. (a) After creation of a posteriorly based flap, the rectum is 
retracted to expose the sinus. (b) The sinus is opened into the vagina. (c) The malleable retractor is placed into the 
vagina to expose the critical area of dissection (dashed line). 
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Complex flaps 


It is often clear that the short vagina mobilized off of 
the urethra in a patient with a high-level urogenital 
sinus may not reach the perineum without tension. 
The use of flaps to reach the proximal vagina may 
provide the potential to improve the functional and 
cosmetic result of pull-through vaginoplasty. Com- 
plex flaps of labia majora or buttocks skin from either 
side may be used to reach the proximal vagina with- 
out tension.*! Such flaps may provide a good result 
from the standpoint of a functional vagina but can 
distort the appearance of the introitus. Secondary per- 
ineal surgery 6-12 months after initial creation of the 
flaps may be appropriate to divide the base of such 
flaps and recreate a more normal appearance of the 
labia and perineum. Gonzalez? used flaps of phallic 
skin to construct the distal vagina. Passerini-Glazel?® 
used the distal urogenital sinus opened anteriorly 
rather than posteriorly in similar fashion. The sinus 


Figure 70.11 Use of distal sinus for vaginoplasty. (a) 
After total urogenital mobilization and exposure of the 
confluence, a lateral incision in the sinus (dashed line) 
is planned. (6) A healthy flap is created opposite the 
side of the incision. (c) The flap can be utilized in a 
spiral fashion to create a distal vagina. (b and c repro- 
duced with permission from Indiana University School 
of Medicine.) 


was folded back at the proximal end of the anterior 
incision and combined with phallic skin to tubularize 
as distal vagina. Such flaps of clitoral skin or distal 
urogenital sinus may be useful in constructing the 
anterior vagina in combination with a posteriorly 
based, U-shaped flap. Rink and Cain?? have recently 
described lateral incision into the distal urogenital 
sinus with spiral construction of a distal vagina that is 
mucosally lined at the level of the introitus (Figure 
70.11). 


Total urogenital mobilization 


In 1997, Pena described the technique of total uro- 
genital mobilization for repair of urogenital sinus in 
patients with a cloacal anomaly.’ Applications for 
this repair have been expanded to include patients 
with urogenital sinus abnormalities alone. Such mobi- 
lization is generally not necessary for patients with a 
low confluence, and the best indication for its use may 
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be patients with a mid-level lesion in whom the level 
of confluence may be converted to a low one suitable 
for flap vaginoplasty. The role of total urogenital 
mobilization for patients with a very high lesion 
remains to be determined. Total urogenital mobiliza- 
tion may be used in such patients to improve expo- 
sure at the critical level of confluence. The urethra and 
vagina can be mobilized towards the perineum, sepa- 
rated, and the structures released back to a proximal 
position for reconstruction. Total urogenital mobi- 
lization for high lesions with advancement of the con- 
fluence to the perineum has also been described; 
however, long-term validation of the results in such 
patients need be documented. Potential advantages of 
this technique include improved cosmesis, easier dis- 
section leading to decreased operative time, and less 
risk of vaginal stenosis or urethrovaginal fistula.*4 
There is no question that this operative technique 
with advancement is potentially easier as it avoids the 
difficult dissection between the anterior vagina and 
proximal urethra or bladder neck; an easier operative 
approach, however, does not necessarily mean a 
better long-term result for the patient. Rare patients 
with a urogenital sinus, particularly those related to 
the persistent cloaca, may suffer from urinary inconti- 
nence or poor voiding. Such dysfunction may be 
related to the anatomic problem, abnormal innerva- 
tion, or a combination of the two issues. Circumfer- 
ential dissection of the urogenital sinus to the bladder 
neck could potentially exacerbate neurologic prob- 
lems. Even if it does not do so in the short-term, 
long-term follow-up of girls with high lesions under- 
going total urogenital mobilization with advancement 
distally will be required to determine the risk of stress 
urinary incontinence.?536 Stress incontinence in 
patients after such a procedure would probably be dif- 
ficult to treat. 

In total urogenital mobilization, the sinus is ini- 
tially approached from the midline posteriorly, and 
attachments between the rectum and sinus divided. 
This exposure may be done from a midline incision or 
after creation of a posteriorly based flap. The sinus is 
then circumscribed at the meatus on the clitoris and 
dissection carried circumferentially from distal to 
proximal. The distal sinus is carefully mobilized with 
all spongiosum off of the corpora cavernosa (Figure 
70.12). Anteriorly, the ligamentous attachments of 
the sinus to the pubis are incised, allowing for ade- 
quate mobilization to the perineum. It is possible in 
some cases that anterior dissection may be stopped 
just short of these attachments.*” The catheter in the 
vagina is palpated, identifying the posterior vaginal 


Figure 70.12 Total urogenital mobilization. (a) The skin 
is mobilized and the sinus exposed with a circumfer- 
ential incision at the meatus. (b) The sinus is mobilized 
from the rectum posteriorly and the corpora anteriorly 
up to the pubis. (Adapted from Rink RC, Kaefer M,°2 
with permission from Elsevier.) 


wall. The vagina is opened posteriorly between stay 
sutures well through the distal narrow segment. If the 
vagina reaches the perineum without tension, the 
sinus can be opened ventrally to create the vestibule. 
A posteriorly based flap may be useful in some such 
cases. If the vagina is very high and the urethra very 
short above the confluence, a decision must be made 
whether advancement of the intact sinus towards the 
perineum is appropriate (Figure 70.13). If not, the 
patient may be turned to the prone position and the 
vagina separated from the sinus with superb exposure. 
The distal mobilized sinus may then be incised dor- 
sally or laterally, as previously described,?*# and used 
for vaginoplasty after the more proximal sinus is 
tubularized as the urethra. The child is usually turned 
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Figure 70.13 Options with total urogenital mobilization. (a) After adequate mobilization, the confluence may be 
advanced to the perineum. (b) Alternatively, mobilization allows good exposure for separation of the vagina and ure- 
thra. Anterior and posterior flaps may be used for vaginoplasty after releasing the urethra and vagina in a cephalad 
direction. (Adapted from Rink RC, Kaefer M,®2 with permission from Elsevier.) 


back to the supine position to complete the plastic 
repair of the labia and perineum. Bladder catheter 
drainage and vaginal packing are usually employed 
after such complex repairs. 


Vaginal replacement 
Skin graft 


In those patients with absence of the vagina or severe 
hypoplasia, total vaginal replacement is required. 
Treatment options have included use of chronic vagi- 
nal dilatation,*® skin grafts,??° rotational flaps,*! or 
the use of bowel substitution.” 

The use of split- or full-thickness skin grafts and 
rotational flaps remains an option for vaginal replace- 
ment. McIndoe described the use of split-thickness 
skin grafts taken from the thigh and conformed to a 
cylindrical stent#? (Figure 70.14). Space is created 
between the urethra and rectum in which the dermal 
surface of the skin graft is secured. The vaginal stent 
is left in place to be removed after a period of 7-10 
days. A period of weeks to months of daily vaginal 
dilatation is usually required to maintain patency and 
prevent vaginal stenosis. Full-thickness skin grafts 
have less reliable ingrowth of blood supply but con- 
tract less once in place. The full-thickness grafts 
potentially leave a more obvious cosmetic defect at 
the donor site. Rotational flaps have been used to 
create a neovagina. Gracilis myocutaneous flaps,*% 
pudendal thigh flaps,** labia minora flaps,* and flaps 


Figure 70.14 MclIndoe skin vagina. Split-thickness skin 
graft is modeled over stent. 


raised after tissue expansion have been described.*¢ 
Unfortunately, patients with skin grafts or flaps for 
vaginal replacement may have problems with lubrica- 
tion, graft contracture, or dyspareunia, and a need for 
chronic vaginal dilatation.*” These difficulties have led 
to a general acceptance of the superiority of bowel 
vaginoplasty for replacement, at least among pediatric 
urologists. 


Bowel vagina 


Advantages of the bowel vaginoplasty include natural 
lubrication from the intestinal segment, less problems 
with dyspareunia, and infrequent contracture or 
stenosis often without any need for routine vaginal 


1200 Clinical pediatric urology 


dilatation. 448-4? The sigmoid colon is generally pre- 
ferred for vaginoplasty because of its proximity and 
ease of mobilization. In addition, the bowel segment 
does not need to be reconfigured. A segment of 
ileum, if more mobile, may also be useful but may 
require folding in an older patient. 


(a) 


Figure 70.15 Sigmoid vaginal replacement. (a) A short 
segment of colon is isolated and space created from 
below. (6) The bowel vagina is secured in place. 
(Adapted from Rink RC, Kaefer M,82 with permission 
from Elsevier.) 


The patient is placed in a modified, low lithotomy 
position with careful support of the lower extremities 
to avoid neuropraxia. This position allows for simul- 
taneous abdominal and perineal approach by two sur- 
geons. Through a low Pfannenstiel incision, the 
sigmoid is identified and evaluated for mobility. An 
8-12 cm segment of sigmoid colon is identified and 
isolated with a window in the mesocolon at either end 
(Figure 70.15). A short segment is utilized because 
redundancy in length often results in eventual pro- 
lapse at the perineum. Bowel continuity may be 
reestablished with a stapled or hand-sewn anastomo- 
sis. Simultaneously, a second surgeon may perform 
perineal dissection by developing space between the 
bladder and rectum to the level of the peritoneal 
reflection in the cul-de-sac. Palpation of a catheter in 
the urethra aids in identification of the proper plane. 
The peritoneum is incised from above and an ade- 
quate space created bluntly using a finger initially and 
then larger dilators. Care must be taken that the space 
is adequate along the entire length, particularly at the 
level of the pelvic floor. If an ileal segment is to be 
used, it is generally opened on its antimesenteric 
border and folded into a U configuration. Either seg- 
ment of bowel is checked for viability. Minimal ten- 
sion at the distal end of the segment reaching to the 
perineum may not be problematic and may, in fact, 
help avoid future prolapse. Extreme tension on the 
mesentery of the bowel segment should be avoided 
whether using ileum or sigmoid colon. If such tension 
exists, creation of larger windows in the mesentery 
may be helpful, although careful identification of 
mesenteric vessels is critical. Serial transverse 
myotomies in the isolated sigmoid colon segment 
may also aid in lengthening of the segment. An 
inverted U-shaped perineal flap is often used to avoid 
the appearance of circumferential bowel mucosa at 
the introitus. The mobilized bowel segment is 
approximated to the perineal skin, skin flaps, or the 
remnant of the native vagina with absorbable suture. 
The neovagina is packed with antibiotic-soaked 
gauze, which is removed after several days of healing. 
Irrigation of the bowel segment to avoid accumula- 
tion of excess mucus is then begun. 


Other procedures 


Gonadectomy 


A thorough chromosome evaluation is mandatory at 
the time of initial diagnosis in children with ambigu- 
ous genitalia. The presence of all or part of the Y chro- 
mosome in patients with disorders of gonadal 
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differentiation places them at increased risk for devel- 
opment of gonadoblastomas and other germ cell 
tumors.5051 Bilateral gonadectomies in such patients 
are typically performed in the first several years of life; 
however, no consensus exists in regards to the optimal 
timing. We have recently noted bilateral gonadoblas- 
tomas in a patient with pure gonadal dysgenesis at 6 
months of age and prefer early excision. Gonadec- 
tomies are also performed in children with severe fem- 
inizing male pseudohermaphroditism who have 
undergone gender conversion. Laparoscopic excision 
may minimize morbidity and improve the cosmetic 
result; it also allows for therapeutic visualization of the 
abdomen, pelvis, and accessory sex organs. Longitudi- 
nal biopsy of the gonads may be appropriate in some 


patients for diagnosis or prior to excision. 


Reconstruction for male 
pseudohermaphroditism 


Male pseudohermaphroditism occurs when there is 
impaired genital differentiation of an XY male with 
developed testes and may result in a wide range of 
male and female phenotypes. Treatment of these chil- 
dren must be individualized, and appropriate surgical 
intervention may include relatively minor hypospa- 
dias repair, orchidopexy, or major genital reconstruc- 
tion including gender conversion. A detailed 
discussion of the treatment of these patients is found 


in Chapter 68. 


Results of reconstruction 


Quality reviews documenting long-term results fol- 
lowing feminizing genitoplasty or vaginoplasty in the 
setting of a urogenital sinus are lacking, particularly 
any with careful consideration to the initial anatomy 
or the surgical technique employed. Clitoral nerve 
conduction studies have identified preservation fol- 
lowing clitoral reduction techniques and are encour- 
aging in regards to ultimate clitoral function.>2 Work 
evaluating orgasm and sexual satisfaction following 
such reconstruction is rudimentary at best. 

More studies have evaluated the vagina after recon- 
struction in terms of more obvious complications 
such as vaginal stenosis or urethrovaginal fistula. 
Studies evaluating the ability of the vagina to accom- 
modate sexual intercourse after such reconstruction 
have provided sobering results. Jones and colleagues 
have noted that 30% of patients required surgical 
revision after initial vaginoplasty in order to achieve 


satisfactory intercourse," and Azziz et al reported sat- 
isfactory coitus in only 62% of patients 20 years fol- 
lowing vaginal reconstruction in patients with 
CAH.*+ Many of those patients, however, had 
required secondary or tertiary procedures to correct 
stenosis at the introitus. 

Early vaginoplasty may be a factor in the develop- 
ment of vaginal stenosis. Sotiropoulos et al noted that 
all of their patients operated upon in a prepubertal 
period required revision of their introitus at a later 
date. Bailez and colleagues, as well as Azziz et al, 
noted more revisions among children in whom 
vaginoplasty was performed prior to 1 year of age.10.54 
These older series included a wide range of patients 
with variability in the severity of the initial anomaly or 
even in the surgical techniques that were employed in 
their repair. It is possible that newer techniques for 
exposure, tissue handling, and use of flaps for vaginal 
reconstruction may change the surgical outcomes for 
the better; however, only long-term follow-up will 
determine if that is indeed the case. Careful attention 
must also be paid to defining the severity of vaginal 
stenosis after reconstruction. Many stenoses may be 
minor and only result in the necessity for a minor revi- 
sion usually involving modified Z-plasty at the level of 
the narrowing. Such secondary procedures are less 
troublesome than the major rotational flaps that might 
be required for severe, extensive stenosis. The differ- 
ence between the two procedures has not always been 
well indicated in historic series. 

The role of routine vaginal dilatation in an attempt 
to avoid vaginal stenosis remains unclear. Routine 
dilatation or calibration may help some patients avoid 
stenosis if done regularly, particularly in patients des- 
tined to develop minor stenosis. It is less likely that 
routine dilatation will avoid problems in patients 
headed for extensive fibrosis and stenosis. It is quite 
possible that long-term vaginal dilatation or calibra- 
tion may cause some psychological trauma for the 
patient or parent. Proponents of delayed vaginal 
reconstruction would suggest that the need for dilata- 
tion or secondary surgical revision demonstrates the 
advantages of later reconstruction. It is clear that 
vaginoplasty, particularly for a patient with a moder- 
ate or high confluence urogenital sinus, is a major sur- 
gical procedure in an older patient. Such a procedure 
may likewise have a profound psychological impact 
on the patient and still carry risk for stenosis or other 
complications. 

Urethrovaginal fistulae can occur following recon- 
struction of the urogenital sinus but fortunately are 
much less common than vaginal stenosis. Careful, yet 
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aggressive, separation of the vagina and urethra allows 
adequate reconstruction of both structures and inter- 
position of layers of tissue in between in order to min- 
imize the risk of fistula. The most likely place to 
develop such a fistula is the area of the initial conflu- 
ence. Modern techniques to improve exposure and use 
more effective flaps for vaginoplasty should lower the 
risk of fistula formation. Total urogenital mobilization 
without separation of the proximal urethra from the 
vagina should carry virtually no risk for the problem.*4 


Controversy 


Historically, the decision of gender assignment has 
been made shortly after birth by the parents in con- 
sultation with a multispecialty team. This choice 
involves many factors and includes genotypic sex and 
the functional potential of gonadal tissue, reproduc- 
tive tracts, and the external genitalia. Such a scheme is 
still utilized in most centers. Sex assignment in 
infancy has been advocated by many as it allows for 
early and consistent gender-specific social interactions 
throughout childhood. Support for this school of 
thought came from the observations and work of 
Money and investigators.°°*° Partially driven by 
older patients unhappy with their sexual develop- 
ment, some of the lay and medical community have 
more recently questioned the timing and need for 
reconstructive surgery. Proponents of waiting and 
allowing for full participation in such decisions by the 
patient at a later age have appeared and gained sup- 
port.6®%6l A few authors have called for a moratorium 
on genital reconstructive surgery until these concerns 
can be appropriately addressed. 

It is beyond the scope of this chapter to address all 
of the moral, ethical, and gender identity issues 
involved with female genital surgery. It is important 
to note that, while no universal practice policy has 
gained acceptance, it is incumbent upon the surgeon 
interested in such problems to be well aware of these 
issues and discuss them openly with patients and par- 
ents. Well-planned, long-term outcome studies are 
needed to address these problems and should lead to 
further refinement in the timing and techniques of 
genital reconstruction. 


Conclusions 


Significant strides have been made in surgical out- 
comes of patients with urogenital sinus abnormalities 


and intersex states. Evaluation of previously 
employed techniques, improved understanding of 
genital anatomy, and a greater sensitivity to the com- 
plex nature of genital innervation have led to 
improvements in terms of both cosmesis and, per- 
haps, function. Although complications, the most 
common being vaginal stenosis, may still occur fol- 
lowing female genital reconstruction, the ultimate 
expectation for the patient and family should be 
normal or nearly normal appearing and functioning 
genitalia. Even when such a result is achieved, the 
underlying problem and process of reconstruction 
often have a profound psychological impact on the 
patient, particularly in terms of sexual identity. It 
remains to be determined how the best functional 
endpoint can be achieved for the patient with the least 
morbidity in that regard. 
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Introduction 


Hypospadias occurs following abnormal develop- 
ment of the penis. The urethral meatus in hypospa- 
dias may be proximal to its normal glanular position 
anywhere along the penile shaft, scrotum, or per- 
ineum. A spectrum of abnormalities including ventral 
curvature of the penis (chordee), a ‘hooded’ incom- 
plete prepuce, and abortive corpora spongiosum are 
commonly associated with hypospadias. 

John W Duckett Jr, the former chief of the Division 
of Urology at the Children’s Hospital of Philadelphia 
(CHOP) and a pioneer in hypospadias repairs, coined 
the term hypospadiology. Today, hypospadiology 
encompasses a continuously evolving and expanding 
discipline. Whereas modern experiments have only 
recently begun to yield a deeper understanding of the 
genetic, hormonal, and environmental basis of 
hypospadias, the quest for a surgical procedure that 
consistently results in a straight penis with a normally 
placed glanular meatus has eluded surgeons for over 
two centuries. Advances in the understanding of the 
etiology of hypospadias and the current approaches to 
the correction of hypospadias to provide a cosmeti- 
cally and functionally satisfactory repair are the focus 
of this chapter. 


Etiology 


Hypospadias results from partial or complete failure 
of urethral folds to form throughout their normal 
length or a failure of the folds to close distally if they 
have formed. The extent of the closure determines the 
position of the urethral orifice. 


A unifying etiology for hypospadias remains elusive. 
Hypospadias probably results from multiple factors. 
The hypospadiac anatomy appears consistent with 
incomplete embryologic development as a result of: 


E abnormal androgen production by the fetal testis 

E limited androgen sensitivity in target tissues of the 
developing genitalia 

E premature cessation of androgenic stimulation due 
to early atrophy of the Leydig cells of the testes.!? 


Endocrine factors 


A number of writers have suggested that hypospadias 
represents a mild form of intersexuality. It could repre- 
sent one end of a spectrum, the other of which is a 
completely feminized male.’ Hypospadias may result 
from an endocrinopathy in which there is a disruption 
in the synthetic biopathway of androgens. More than 
just a focal malformation, hypospadias may be a local 
manifestation of a systemic endocrinopathy. A qualita- 
tive androgen receptor abnormality or defects at a post- 
receptor level may explain the defect in some boys with 
hypospadias. For example, the blunted response to 
human chorionic gonadotropin (hCG) injections seen 
in many boys with hypospadias may suggest a muta- 
tion in the luteinizing hormone (LH) receptor in the 
testis or perhaps an increase in receptor numbers 
because of the previous stimulation.* In a study of 15 
boys under 4 years of age with severe hypospadias, 
Allen and Griffin diagnosed 11 boys with six distinct 
endocrine-related abnormalities. The most consistent 
finding was a subnormal testosterone response to hCG 
stimulation in seven boys. The authors believe their 
findings may represent a delay in the maturation of the 
hypothalamic—pituitary—testicular axis. 
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Genetic factors 


Hypospadias may have a complex genetic back- 
ground, with gene expression acting in concert with 
environmental factors. The familial rate of hypospa- 
dias is approximately 7%, which reflects a non-famil- 
ial, sporadic finding in most cases. Recent studies 
have suggested a role for miillerian inhibiting sub- 
stance (MIS) in the etiology of hypospadias. There is 
an inverse relationship between MIS and testosterone, 
and this may be related to the MIS inhibition of 
cytochrome P450c17 CYP17, the enzyme that cat- 
alyzes the committed step in testosterone synthesis." 
Indeed, MIS may directly inhibit testosterone pro- 
duction by suppressing the CYP17 gene.® Abnormal- 
ities of other genes such as fibroblast growth 
factor-10 (FGF-10) have also been shown to result in 
hypospadias.” 

Normal sexual differentiation depends on testos- 
terone and its metabolites as well as functional andro- 
gen receptors. Despite a correlation of certain clear 
defects in the androgen metabolism pathway and 
hypospadias, as in the 5o-reductase II (5aRIL) defect 
(mutation in SRD5A2 gene on chromosome 2), such 
associations have been limited to few cases — under- 
lining the importance of seeking other genetic expla- 
nations for this congenital defect.§ 


Environmental factors 


The incidence of hypospadias is increasing. One pos- 
sible explanation is environmental contamination. 
Insecticides, pharmaceuticals, and plant estrogens 
contain estrogenic ingredients. Manufacturers of cans 
used in the canned food industry coat the inside of the 
cans with plastics known to contain estrogenic sub- 
stances.? These substances are ultimately present in 
freshwater and seawater in trace amounts that bioac- 
cumulate and concentrate in higher organisms of the 
food chain. For this reason, predators at the top of the 
food chain, such as large fish, birds, sea mammals, and 
humans, accumulate high levels of estrogenic envi- 
ronmental contaminants. Thus, humans and wild ani- 
mals are constantly exposed to estrogenic compounds 
that are known to disrupt reproduction — the so-called 
endocrine disrupters.” 


Epidemiology 


The incidence of hypospadias varies geographically. 
Prevalence ranges from 0.26 per 1000 births (both 
male and female births) in Mexico to 2.11 in Hungary 


and 2.6 per 1000 live births in Scandinavia.!° A 
recent study found the rate of hypospadias in a 2-year 
prospective study to be 38 in 10 000 live births in 
Netherlands, a number six times higher than previ- 
ously recorded.!! Sweet and colleagues reported a 
much lower incidence in Sweden of 1 in 1250 live 
male births.!2 

In 1997, two independent surveillance systems in 
the United States — the nationwide Birth Defects 
Monitoring Program (BDMP) and the Metropolitan 
Atlanta Congenital Defects Program (MACDP) - 
reported a near doubling of the incidence of hypospa- 
dias when compared with immediately preceding 
decades.!3 The incidence of all types of hypospadias 
increased from 20.2 to 39.7 in 10 000 live male births 
during the period from 1970-1993; i.e. one in every 
250 live male births was a boy with hypospadias 
(measured by BDMP). MACDP reported a rise in the 
severe hypospadias rate of between three- and five- 
fold. These rising trends, however, may simply reflect 
earlier diagnosis or an increase in reporting to reg- 
istries of congenital defects. The increased reporting 
of more proximal than distal hypospadias cases, how- 
ever, refutes the argument that these findings simply 
represent more frequent reporting of minor cases.!+ 

Recent studies have linked the rising rate of 
hypospadias in boys born prematurely and small for 
gestational age, boys with low birth weight, and boys 
born to mothers over 35 years of ape ete Roberts 
and Lloyd noted an 8.5-fold increase in hypospadias 
in one of monozygotic male twins, compared with 
singleton live male births.!® This may suggest a dis- 
crepancy in the supply of hCG to the fetus where a 
single placenta is unable to meet the requirements of 
two developing male fetuses. 


Embryology of hypospadias 


The genital tubercle appears during the 4th week of 
gestation as anlagen for development of either the cli- 
toris or penis. Endodermal cells from the cloaca 
migrate along its ventral midline surface to create the 
urethral plate, while proliferating mesenchyme on 
either side establishes the urogenital folds. Subse- 
quent phallic development is dependent upon andro- 
genic stimulation during a critical period from the 9th 
to 12th weeks. 50 RII in the genital tubercle catalyzes 
the conversion of testosterone, produced by fetal 
Leydig cells within the testes, to dihydrotestosterone 
(DHT). DHT then binds to androgen receptors to 
initiate a cascade of downstream effects. 
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Figure 71.1 Scanning electron micrography demon- 
strates fusion of the urethral folds proximally while the 
distal urethral plate remains open before tubulariza- 
tion. 


Androgen stimulation causes the genital tubercle to 
elongate and the urogenital (urethral) folds to 
migrate toward the midline and fuse, enclosing the 


Wild-type male mouse 
newborn 


urethral groove (Figure 71.1). This process moves 
proximally to distally creating the pendulous urethra. 
Some clinicians have disputed the current theories of 
the formation of the glanular urethra. One theory 
holds that ectoderm from the glans surface migrates 
inward to contact the distal urethral plate and estab- 
lish continuity with the urethra.!-?? Alternatively, 
the endodermal plate may continue to canalize distally 
until surface ectoderm is reached.?# 

Gene knockout studies in mice have further charac- 
terized the process of urethral plate tubularization. 
Concerns that this animal model, with its postnatal 
formation of an os penis, poorly represent human 
development were addressed by Baskin et al,?+ who 
determined that the basic processes of genital tubercle 
and urethral development were analogous in the two 
species. Specifically, Baskin’s group noted urethral 
tubularization in mice also extends from proximal to 
distal, with formation of a urethral seam where the 
two sides fuse. A proposed mechanism for hypospa- 
dias is failure of ventral plate fusion, and FGF-10-defi- 
cient mice with abnormal seam development have an 
opened urethra resembling hypospadias*® (Figure 
71.2). Mesenchyme along the midline during seam 
formation normally expresses this signaling molecule 
and therefore seems to play an important role in 
normal urethral development in mice. 

In humans, as the plate tubularizes, mesoderm 
within the urethral folds differentiates into corpus 
spongiosum, which fuses with the glans distally. 
Mesoderm also forms the corpora cavernosa. Devel- 
opment of the penis apparently proceeds at different 


Figure 71.2 Gross and histologic comparison of urethral development in normal wild-type mice versus fibroblast 
growth factor-10 (FGF-70) gene deletion ‘null’ mice. Normal mouse genital tubercle formation with a distal urethral 
meatus contrasts with a proximal urethral opening in the knockout model. Histologic sections demonstrate abnor- 
mal distal urethral seam formation associated with FGF-70 deletion. 


1208 Clinical pediatric urology 


rates along the ventral vs dorsal surfaces, resulting in 
temporary ventral curvature.?”6 Similarly, the dorsal 
prepuce extends beyond the glans before the ventral 
aspect, which follows closure of the urethral groove. 
Midline fusion of the ventral prepuce ends in the 
frenulum.27 

The dorsal penile nerve provides sensation to the 
penile shaft and glans running under Buck’s fascia 
along the surface of the tunica albuginea of the cor- 
pora cavernosa. The 12 o’clock position in the dorsal 
midline is devoid of nerves, which extend longitudi- 
nally from 1 and 11 o’clock circumferentially to the 
borders of the corpus spongiosum.?8 Additional 
innervation from the perineal nerve supplies the 
frenulum.2? 

Hypospadias is the result of arrested penile devel- 
opment. Consequently, the urethral opening can 
occur from the perineum, where urethral fold fusion 
begins, to the glans. The urethral plate extends from 
the hypospadiac meatus to the tip of the glans. This 
plate is the residuum of tissues that in the normal case 
would have completed urethral tubularization. The 
glans does not fuse ventrally under the meatus, result- 
ing in two ‘wings’ on either side of the urethral plate. 
Along the shaft, the corpus spongiosum also diverges 
along the lateral margins of the urethral plate to join 
ipsilateral glans wings. Typically, there is no frenu- 
lum, and ventral preputial development is incomplete, 
whereas the dorsal aspect is formed, covering the 
dorsal glans. In addition, the penis may demonstrate 
persistent ventral curvature, commonly referred to as 
‘chordee.’ 


Presentation 


The abnormal prepuce and ventral glans tilt of the 
newborn penis usually signifies the presence of 
hypospadias. Further examination of the penis typi- 
cally reveals the proximally displaced urethral orifice 
that is often stenotic in appearance, but almost never 
obstructive. An exception is the megameatus variant 
of hypospadias. In this unusual case (6% of all distal 
hypospadias presentations), an intact prepuce is pre- 
sent. The diagnosis in usually not made until after a 
routine neonatal circumcision is completed.*° 

The location of the meatus and extent of ventral 
curvature, or chordee, should be determined. In some 
instances, multiple pinpoint dimples may be present 
on the surface of the urethral plate in addition to the 
hypospadiac urethral meatus. The meatus is always 
the most proximal of these defects and physical exam- 
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Figure 71.3 Classification of hypospadias based on 
anatomic location of the urethral meatus. Anterior, or 
distal, hypospadias is the most commonly encoun- 
tered variant. 


ination or passage of a probe can confirm this. Sur- 
geons classify meatal position as anterior (distal), 
middle, and posterior (proximal), with more anatom- 
ically specific subgroups being further applied (Figure 
71.3). The meatus is located on the glans or distal 
shaft of the penis in approximately 70-80% of all 
boys with hypospadias; 20-30% of boys with 
hypospadias have the meatus located in the middle of 
the shaft of the penis. The remainder of the boys with 
hypospadias have more severe defects, with the ure- 
thral meatus located in the scrotum or even more 
proximally on the perineum.*! 

Increased understanding of the endocrinology of 
hypospadias has corroborated the clinical association 
of hypospadias with intersex states.3%33 As such, boys 
with severe proximal hypospadias and those with 
hypospadias and cryptorchidism should undergo 
karyotype analysis and an intersex evaluation as indi- 


cated. The unilaterality or bilaterality of crypt- 
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orchidism concomitant with hypospadias does not 
predict the diagnosis of an intersex state. 

A complete penile examination requires indepen- 
dent evaluation of penile length. If the glans size pre- 
cludes adequate surgical repair of hypospadias, 
androgen stimulation with hCG has been shown to 
increase penile length and may also move the meatus 
to a relatively more distal position as the shaft elon- 
gates.34 


Timing of surgery 


A report from the American Academy of Pediatrics 
(AAP) in 199635 suggests the optimal time for elec- 
tive male genital surgery is between 6 and 12 months. 
However, significant phallic growth is apparent in 
most infants by 3 months, presumably due to the 
postnatal testosterone surge that peaks around the 
2nd month. Furthermore, from an anesthetic per- 
spective, day surgery is safely accomplished after the 
50th gestational week.3637 Consequently, skilled 
pediatric urologists may perform hypospadias repair 
in healthy term babies as early as 3 months. There 
may be advantages to early surgery. Leichty et al have 
shown near-scarless wound healing following fetal 
surgery.383? Our experience has been that younger 
infants develop less scarring following surgery than 
do older children. 

Based upon consideration of emotional, cognitive, 
and psychosexual factors, pediatric urologists now 
recommend that hypospadias surgery be completed 
by 15 months.” This means that in severe cases the 
first surgery should occur by 4 months. By 30 
months, awareness of the defect occurs, and school- 
age boys with hypospadias are more likely to exhibit 
gender-atypical behavior than those with normal gen- 
italia.40 


Hormonal stimulation 


The role of supplemental hormonal therapy before 
hypospadias surgery is not clear. No study has ran- 
domized boys to preoperative stimulation with hor- 
placebo. Typical 
administering hormones are a small-appearing penis 
and/or glans and ventral curvature. Some also advo- 
cate its use prior to repeat surgery to increase avail- 
ability and vascularity of penile skin. The means of 
administration include topical ointments applied to 
the penis and intramuscular (IM) injection. 


mone or indications for 


Citing concerns that topical applications potentially 
have inconsistent absorption, Gearhart and Jeffs4! 
reported that 2 mg/kg testosterone enanthate given 
IM 5 and 2 weeks preoperatively resulted in a 50% 
increased penile size in all cases. It should be noted 
that of their 36 hypospadias patients, 27 had midshaft 
or more distal hypospadias while only three patients 
had penoscrotal defects and six other patients awaited 
reoperation. The mean change in penile length was 
from 4.7 cm to 7.4 cm. In another series, 25 patients 
aged 6-18 months, including 15 with penoscrotal and 
two with perineal hypospadias, received testosterone 
enanthate 25 mg IM once monthly for 3 months 
before surgery.4? A mean increase in penile length 
from 2 cm to 2.4 cm and glans circumference from 
2.7 cm to 3.7 cm occurred in 92% of cases. 

Efficacy of topical vs parenteral testosterone was 
compared in a randomized study of 26 patients with 
hypospadias and penile size more than two standard 
deviations below normal.*? In this study, the investi- 
gators applied testosterone enanthate 2 mg/kg/week 
twice daily or gave the same dose IM once weekly for 
3 weeks. Mean increased penile length was approxi- 
mately 1 cm, regardless of dosage form. There was no 
difference in measured serum testosterone levels, 
although two patients receiving topical preparations 
exceeded the normal level of 10 ng/ml, possibly due 
to excessive application by their parents, causing the 
authors to conclude topical therapy is effective but 
less well controlled than parenteral treatment. 

Koff delivered a 5-week course of hCG at 250 IU 
or 500 IU given IM twice weekly, to 12 boys <1 year 
old and 1-5 years old, respectively, with proximal 
hypospadias and ventral curvature.* Penile length 
increased in all cases from a mean 1.7 cm to 3 cm, and 
the authors subjectively noted decreased severity of 
curvature. Since no patients had parenteral testos- 
terone, it is unclear if there is benefit to this protocol 
with its increased number of injections. 

Side effects during hormone therapy include 
aggressive behavior and pubic hair growth, which 
regress after treatment stops. The increased penile 
length obtained by stimulation also recedes. Studies 
monitoring linear growth and bone age have demon- 
strated no adverse effects.*° 


Evolution of hypospadias surgery 


Hypospadias repair began in the late 1800s, with an 
emphasis on correcting proximal defects. Both the 
insights and misconceptions early surgical pioneers 
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Figure 71.4 (a) Traditional concept of chordee tissues representing fibrous remnants of dartos fascia, Buck’s fascia, 
and corpus spongiosum extending in a fan shape from the meatus to the glans. (Reproduced from Hinman,“** with 
permission.) (b) Duplay’s method to straighten the penis. A transverse skin incision was made across the urethral 
plate (1), fibrous subcutaneous tissues were excised (2), and then the skin was closed vertically (3). 


derived from their experience with severe hypospadias 
continue to influence hypospadiology today. The 
goals of surgery have been clear from the outset — Le. 
straightening ventral curvature and extending the 
shortened urethra distally — but the plethora of oper- 
ations described attests to the difficulties in achieving 
these aims. 

Pare originally attributed penile curvature to liga- 
ments tethering the undersurface of the penis in the 
1500s. He eventually coined the term ‘chordee.’ A 
transverse skin incision across the urethral plate pro- 
vided access to resect these fibrous bands (Figure 
71.4), and further displaced the meatus proximally. 
Over time, surgical excision of presumably ‘dysge- 
netic tissues became more extensive. For example, in 
the 1950s Byars*” advised that fibrous elements be 
removed from the entire ventral half of the penis 
along the corpora cavernosa reaching into the inter- 
corporeal septum, whereas Devine and Horton*® sub- 
sequently wrote that meticulous dissection of the 
chordee should leave the surface of the corpora ‘clean 
and glistening.’ 

Despite van Hook’s suggestion in 1896 that down- 
ward curvature ‘is largely due to lack of development 
of the corpora cavernosa,” it was not until 1952 that 
Smith and Blackfield mounted a serious challenge to 
the prevailing belief that chordee tissue required exci- 
sion.°° They reported straightening of the penis 
merely by degloving the penile shaft via an incision 
just distal to the meatus, without need to resect ‘phan- 
tom’ ventral bowstrings. Allen and Spence*! later 
observed a circumscribing incision made proximal to 
the meatus was also effective for distal hypospadias, 
and did not further displace the urethral opening. In 


1974 corporeal injection was described as a means for 
intraoperative assessment of penile curvature,°? which 
until this time could only be assessed by traction on 
the glans. Subsequently, Duckett? found extensive 
chordee resection did not reliably straighten the penis, 
adding strength to the argument that curvature per- 
sisting after the penis is degloved indicates ventral 
corporeal disproportion. Finally, Kaplan and Lamm?° 
and Baskin et als examined fetal specimens with 
hypospadias, finding no fibrous bands, whereas Snod- 
grass et alt reported subepithelial biopsies of the ure- 
thral plate revealed only well-vascularized connective 
tissues without fibrosis. 

In 1965 Nesbit” presented three cases of chordee 
without hypospadias in which bending was corrected 
using dorsal corporeal plication, a technique previ- 
ously described by Physick in 1844. Ironically, Nesbit 
reported his patients were unusual in that they had 
curvature without ventral fibrous bands, leading him 
to ascribe their condition to ‘rare’ corporeal asymme- 
try. Nevertheless, as the practice of extensive chordee 
resection lessened, popularity of ‘Nesbit plication’ 
increased, especially for mild degrees of curvature. 
Alternatively, some surgeons began to use ventral 
incision and grafting of the corpora to correct corpo- 
real disproportion, especially when bending is severe. 

Surprisingly, urethroplasty using the urethral plate 
— which so dominates current hypospadias surgery — 
is a new concept dating only from the mid 1980s. 
Since this tissue was previously thought to consist of 
epithelium overlying fibrous bands, surgeons often 
excised it. Consequently, early attempts at urethral 
reconstruction emphasized skin substitutes and led to 
a century of creative variations for incorporating pre- 
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Figure 71.5 Genealogy of hypospadias repairs. 


puce, penile shaft skin, scrotum, and extragenital skin 
as flaps and grafts into the neourethra (Figure 71.5). 

Urologists performed the first hypospadias repairs 
as staged operations, beginning with chordee excision 
followed by urethroplasty. In 1869 Thiersch56 
described the use of skin flaps to correct epispadias, 
and his technique using pants-over-vest closure of 
asymmetric flaps was soon applied to hypospadias by 
Anger.°” Duplay favored symmetric incisions to 
create a skin flap neourethra, but found it difficult to 
close the overlying wound without a relaxing incision 
through the dorsal shaft skin. He later described a 
second procedure cutting narrower ventral flaps to 
facilitate skin closure without a dorsal incision, but 
was unable to fashion a neourethra of sufficient diam- 
eter. Instead, he simply left a catheter lying on the 
buried skin strip under the overlying shaft closure, 
and relied upon epithelialization to complete the ure- 
thra.8 These techniques fell into disfavor until Denis 
Browne revived Duplay’s second method in the 
1950s. Today, it is common to speak of the Thier- 
sch—Duplay procedure when a neourethra is tubular- 


ized, but historically there was no use of this term 
until the 1970s. 

The apparent need for additional tissues to con- 
struct the neourethra and/or resurface the ventral 
shaft led to the use of the scrotum and prepuce. van 
Hook’? was the first to tubularize a preputial pedicle 
flap, whereas Edmunds*? in 1913 buttonholed the 
prepuce and transferred it ventrally to cover the defect 
created by chordee excision, later rolling the trans- 
posed skin into the neourethra. Modifications of these 
techniques subsequently evolved in the hands of 
Hodgson, Standoli, Asopa, and finally Duckett, who 
recognized that he could safely dissect the inner pre- 
puce on a vascular pedicle away from the outer pre- 
puce and dorsal shaft skin. This maneuver improved 
handling of these flaps, which Duckett first tubular- 
ized and then later used as ‘onlays’ to the urethral 
plate. 

Shaft skin flaps date at least to Ombredanne,°? who 
in 1923 reported a meatal-based flap drawn with a 
purse-string suture into a pouch-like neourethra. A 
decade later Mathieu®! refined this concept into a 
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‘flip-flap’ that became a mainstay of distal hypospadias 
repair in the 1980s. 

A third pioneer in hypospadias surgery was Nove- 
Josserand, who used extragenital skin grafts for ure- 
thral reconstruction. He tubularized the graft and 
tunneled it under the shaft skin and through the glans 
using trocars.°” Years later, Horton and Devine°? 
obtained grafts from the prepuce for primary 
hypospadias repair, while bladder epithelium and 
then buccal mucosa were popularized for reopera- 
tions when the prepuce was not available. 

During the first century of hypospadias surgery 
many procedures intentionally resulted in a subglanu- 
lar neomeatus, and there was controversy regarding 
the need to correct distal hypospadias. The modern 
era in hypospadiology can be traced to meatoplasty 
and glanuloplasty (MAGPI), introduced by Duckett 
in 1981° for distal repairs. This operation provided a 
relatively simple means, with few complications, of 
improving the appearance of the glans, and led to 
increased emphasis on the cosmetic outcome of 
hypospadias reconstruction. Other techniques to 
repair more severe hypospadias subsequently came 
under increased scrutiny as the standard for success 
grew to include not only functional but also cosmetic 
results. 


Incision 
line 


Urethral 
meatus 


Figure 71.6 Tubularized ventral skin. 


By the late 1980s nearly all defects could be 
repaired using the MAGPI, onlay,®* or tubularized 
preputial flaps®> as described by Duckett, although 
the flip-flap remained popular as a technically simpler 
alternative to onlay. However, one criticism of both 
onlay and flip-flaps was the unnatural appearance of 
the neomeatus, particularly when the urethral plate 
was flat. It had previously been recognized that ure- 
thral plate configuration determined orientation of 
the neomeatus, as a deeply grooved plate produced a 
vertical meatus while a flat plate resulted in a hori- 
zontal, round opening.® Rich et alf?” began ‘hinging’ 
the distal lip of the flat plate to achieve a vertically ori- 
ented meatus. Snodgrass®® extended the midline inci- 
sion deeply along the entire length of the urethral 
plate and found he could not only fashion a vertical 
meatus but also he could tubularize the plate without 
need for additional skin flaps. 

Duplay constructed the neourethra from skin, 
having resected the urethral plate during the first- 
stage operation to remove chordee. In 1970, King® 
encountered a patient with midshaft hypospadias but 
no chordee and extended the urethra to the coronal 
margin by tubularizing ventral skin, including what is 
now known as the urethral plate (Figure 71.6). He 
would later modify this approach to bring the meatus 


Remnant of 
ventral skin rolled 
into tube 
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onto the edge of the glans, and subsequently, in the 
late 1980s and early 1990s, others would describe 
complete tubularization of the plate, especially when 
it was already deeply grooved.”°7! Urethral plate inci- 
sion made tubularization possible even when the plate 
was flat or only slightly clefted, and the ability to 
create a vertical and slit-like meatus reliably resulted in 
its rapid acceptance worldwide. 


Surgical repair 


The key steps in hypospadias repair include correction 
of associated ventral curvature, urethroplasty, inter- 
position of a tissue barrier layer between the 
neourethra and overlying skin closure, and manage- 
ment of the prepuce by either circumcision or fore- 
skin reconstruction. 

What follows is a dialogue that represents two 
schools of thought. The senior authors are friends 
who are passionate about hypospadias repair, but 
who do not always agree on the approach to each 
clinical situation. We have debated these points in the 
past, and through these debates, which we will share 
with the reader, we have learned to challenge our 
ideas and stimulate the commitment to learn even 
more about this fascinating subject. 


Instruments 


Increasing experience has demonstrated the applica- 
bility of the principles of plastic surgery to hypospa- 
diology. Instruments such as fine scissors, 0.5 mm 
tooth forceps and Castroviejo needle holders are com- 
monly used with fine 6-0, 7-0, or even 8-0 
absorbable sutures to delicately handle tissue and pre- 
cisely place sutures of adequate purchase. Consider- 
able variation exists among surgeons as to the choice 
of suture material. We prefer polyglycolic suture 
material for construction of the neourethra and for 
subcuticular sutures. We use a glanular stay suture to 
minimize tissue handling during repair. We don’t rec- 
ommend polydiaxanone (PDS) suture for urethral 
repair due to its extended absorption time interval 
and increased urethral stricture rate.”2 


Hemostasis 


Hemostasis is achieved with a variety of techniques. A 
tourniquet placed at the base of the penis and 
removed every 15-30 minutes alone or combined 
with needlepoint spot and bipolar electrocoagulation 
control is effective. We try to avoid the use of elec- 


trocautery to minimize the potential for tissue injury 
and inject 1:100 000 epinephrine in 1% lidocaine 
along the proposed incision line and in the glans deep 
to the urethral plate. In our experience, this injection 
affords the twin benefits of adequate local hemostasis 
while hydrodissecting a reliable plane between the 
skin and dartos fascia. 


Dressing and urinary diversion 


An ideal post-hypospadias repair dressing should pro- 
vide adequate but pliable compression and be easily 
removable within 48 hours in most cases. Numerous 
variations in type and style of dressing have been pro- 
posed, whereas even no dressing at all is a viable alter- 
native for some.’*74 We continue to prefer the 
‘sandwich-type’ dressing preferred by Duckett that 
compresses the penis against the lower abdominal 
wall by placing a Telfa pad and a folded gauze sponge 
on top of the penis followed by a bio-occlusive dress- 
ing (Tegaderm). 

Most surgeons prefer urinary drainage with a 
catheter following proximal and midshaft hypospa- 
dias repairs, yet no study has proven its utility in distal 
repairs. A multicenter experience reported by Hakim 
et al revealed similar results for distal repairs with or 
without postoperative urethral diversion.” We use a 
6 Fr hydrophilic Kendall catheter placed through the 
neourethra and sutured to the glans with a Prolene 
suture anchored to the inner aspect of the meatus to 
avoid scarring of the glans. Because the rate of urinary 
infection is no different between an open and closed 
system, we allow the open end of the Kendall tube to 
passively drain into the diaper and prescribe prophy- 
lactic antimicrobials.”© This approach helps prevent 
inadvertent catheter removal and eliminates ‘air-lock’ 
in the drainage tubing. 


Correction of penile curvature 


Preoperative assessment probably overestimates the 
incidence of ventral curvature associated with 
hypospadias, especially in distal cases. After the penis 
is degloved, we have found bending in only 10% of 
distal hypospadias, but over 50% when the meatus is 
midshaft or more proximal. Most often, curvature is 
less than 30° in distal cases, but can be greater than 
45° in some proximal hypospadias. The observation 
in some cases that degloving corrects apparent bend- 
ing and reveals a deficiency of ventral shaft skin indi- 
cates that skin disproportion is one etiology of 
curvature. Similarly, based upon clinical experience, 
bending of the penis can also result from shortening 
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Figure 71.7 Algorithm for penile straightening. Most ventral curvature will be corrected by degloving the penile 
shaft. Minor residual bending is straightened by dorsal plication. Severe curvature is much less commonly encoun- 
tered, but may require transection of the urethral plate and ventral corpora cavernosal grafting for satisfactory cor- 


rection. 


or inelasticity of the corpus spongiosum splayed to 
either side of the urethral plate, shortening or inelas- 
ticity of the plate itself, and/or disproportionate devel- 
opment of the ventral vs dorsal corpora cavernosa 
surfaces. 

Because degloving alone can decrease or resolve 
bending, it is reasonable to preserve the urethral plate 
in all cases until the extent and etiology of curvature 
is clear. Artificial erection is performed by normal 
saline injection into the corpora using a 25-gauge but- 
terfly needle. One algorithm for management of per- 
sistent curvature is shown in Figure 71.7. Minor 
bending <30° is corrected by dorsal plication in the 
midline, as advised by Baskin et al,?® to avoid injury 
to the neurovascular bundles (Figure 71.8). The 
region opposite the point of curvature is determined 
and Buck’s fascia incised. A single 6-0 PDS suture is 
placed into the intercorporeal septum and tied, bury- 
ing the knot. Repeat erection confirms straightening. 

Additional plication stitches can be placed when 
bending exceeds 30°; however, we prefer alternative 
measures since multiple dorsal stitches could shorten 
the penis. In this situation, we mobilize the splayed 
corpus spongiosum off the underlying corpora caver- 
nosa from the normal urethra proximally to its inser- 
tion in the glans wings distally. We repeat the artificial 
erection and we straighten any residual minor bend- 
ing by dorsal plication. If more severe curvature per- 
sists, dissection continues under the urethral plate, 


Figure 71.8 Dorsal plication for penile straightening. 
Buck’s fascia is incised in the midline opposite the 
region of maximum curvature. A 6-0 PDS suture is 
placed as shown. Repeat erections should confirm 
absence of curvature. 


releasing all remaining attachments to the corpora. If 
repeat erection still demonstrates more than 30° of 
curvature, we transect the urethral plate proximally at 
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Figure 71.9 Incisional grafting of the ventral corpora cavernosa for penile straightening. A transverse incision is 
made through the tunica albuginea from approximately the 3 to the 9 o’clock position at the point of bending. The 
underlying spongy tissue is not disturbed. The graft is then secured around the perimeter of the wound, lengthen- 


ing the ventral corporeal surface. 


its junction with the normal urethra or dissect the ure- 
thral plate back and replace the urethra with a graft 
(two stages) or with a flap (one or two stages). 
Curvature requiring transection of the urethral 
plate is encountered in less than 5% of cases.””7 In 
some, release of a short, inelastic plate either straight- 
ens the penis or reduces curvature so that dorsal pli- 
cation is possible. In others, significant corporeal 
disproportion results in persistent curvature that 
requires ventral lengthening, especially when the 
phallus is already short. In this case, we make multi- 
ple superficial transverse incisions along the corpora 
cavernosa until the penis is straight. Alternatively, a 
single incision is made through the tunica albuginea 
at the point of maximal bending from the 3 to 9 
o'clock position and the resultant defect grafted using 
dermis,’®*° tunica vaginalis,®!8? or single-ply small 
intestinal submucosa (SIS)8*.84 (Figure 71.9). 


Urethroplasty 


There have always been multiple options for urethro- 
plasty. We present our two approaches regarding the 
best method for hypospadias repair. 


Distal hypospadias 


WTS [first author]: No single repair can address the 
entire spectrum of hypospadias, and surgeons have 
traditionally categorized options for urethroplasty 
into those for distal vs proximal defects. For clarity, 
we maintain the practice of considering distal and 
proximal techniques. However, I believe this distinc- 
tion is no longer valid, and that it is better to instead 
classify hypospadias into those situations where the 
urethral plate can be tubularized and those where it 
cannot. 

In a recent review of 106 consecutive patients with 
hypospadias,” we found the urethral plate could be 
tubularized in 102 (96%), including all with distal 
hypospadias. Ventral curvature was noted in 24 
(23%), but was less than 30° in 17 patients and there- 
fore corrected with a single dorsal plication. In another 
four cases, we elevated the splayed corpus spongiosum 
from the corpora in conjunction with dorsal plication, 
which enabled us to preserve and tubularize the 
urethral plate. The remaining three patients under- 
went transection of the plate, ventral dermal grafting 
of the corpora, and a staged urethroplasty. 
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Figure 71.10 Urethral plate incision. The depth of incision varies according to the configuration of the urethral plate. 
A deep incision is needed when the plate is flat, whereas a deeply grooved plate may already extend to the under- 


lying corpora cavernosal surface. 


It continues to be my experience that distal 
hypospadias can be repaired by urethral plate tubular- 
ization, and in the past 5 years no other technique has 
been used for these cases regardless of whether the 
plate was flat, clefted, or deeply grooved. Only the 
depth of midline incision varies according to the 
anatomy of the plate, i.e. it is deeper when the plate is 
flat, whereas a relaxing incision may not be needed for 
a plate that already extends to near the corpora 
(Figure 71.10). 


TOII 
U m dU 


Figure 71.11 Tubularized incised plate (TIP) urethroplasty. 


The important steps of tubularized incised plate 
(TIP) urethroplasty for distal hypospadias are illus- 
trated in Figure 71.11. A 5—0 polypropylene suture is 
placed into the glans for traction. Later, this suture is 
used to secure the urethral stent. The initial skin inci- 
sion depends upon whether the family prefers cir- 
cumcision or foreskin reconstruction. When 
circumcision is desired, care is taken to preserve suffi- 
cient inner prepuce so that a so-called ‘mucosal collar’ 
can be approximated in the ventral midline after glan- 
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Figure 71.12 Skin incision for foreskin-preserving hypospadias repair. Stay sutures are placed in the corners of the 
prepuce at the junction of the inner and outer surfaces. Then a V-shaped incision is made to a point 2 mm proximal 
to the meatus. The penis is degloved ventrally to normal dartos tissues. During skin closure after urethroplasty the 
inner layer, intervening dartos, and outer layers are separately approximated. 


uloplasty.8° We then deglove the penis to the peno- 
scrotal junction. We next perform an artificial erection 
and correct the penile curvature. If we plan to recon- 
struct the foreskin, the skin incision extends from the 
corners of the dorsal preputial hood to 2 mm proxi- 
mal to the meatus (Figure 71.12). We then release the 
ventral shaft skin until we encounter normal dartos 
tissues. 

Next, the junction of the glans and urethral plate is 
marked and these lines for incision are infiltrated with 
1:100 000 epinephrine or, alternatively, a tourniquet 
is used around the base of the penis for hemostasis. 
We then develop glans wings in the plane along the 
surface of the corpora and dissect laterally to lift the 
spongiosum tissue off of the corpora to provide a ten- 
sion-free approximation of the glans after reconstruc- 
tion of the urethra. 

The key step in the procedure is midline incision of 
the urethral plate. Countertraction maintained by the 
surgeon and assistant along the margins of the ure- 
thral plate facilitates this maneuver, as the surgeon 
makes the relaxing incision from within the meatus to 
the distal extent of the plate, taking care not to con- 
tinue the incision into the glans apex. The relaxing 
incision carries deeply to near the underlying corpo- 
real surface. 


a 


A 6 Fr Silastic stent is passed into the bladder and 
secured to the glans traction suture. The urethral plate 
is tubularized, beginning at the neomeatus, and using 
7-0 polyglactin suture. The first stitch is placed 
through the epithelium at a point just distal to the 
middle of the glans, so that the meatus has an oval, not 
rounded, configuration. The tubularization is com- 
pleted with a running two-layer subepithelial closure, 
turning all epithelium into the neourethra lumen. 

We raise a dartos pedicle flap from the preputial 
hood and dorsal shaft skin in patients undergoing cir- 
cumcision, then buttonhole and transpose the flap 
ventrally to cover the entire neourethra. When we 
reconstruct the foreskin, this layer is not accessible. 

Glanuloplasty is an important determinant of the 
final cosmetic outcome. A 7-0 polyglactin suture is 
placed through the epithelium at the desired point for 
the ventral lip of the meatus. A second subepithelial 
7-0 stitch is placed in this same location to further 
buttress the neomeatus and reduce the likelihood that 
partial dehiscence will result in a larger than normal 
opening. It is not necessary to secure the glans to the 
underlying neourethra. The remainder of glans 
approximation is then done in a single layer using 
interrupted 6-0 polyglactin subepithelial sutures 
proximal to the corona. 
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Figure 71.13 Proximal tubularized incised plate (TIP) 
urethroplasty. 


The shaft skin is closed with subepithelial 7—0 
polyglactin stitches to minimize risk for suture 
sinuses. During circumcision, the dorsal hood is 
incised on the midline to the level of the subcoronal 
collar of the inner prepuce. We suture this point, and 
then approximate the ventral shaft skin up the mid- 
line, simulating the normal median raphe. Next, we 


excise the excess skin and suture the remaining edges. 
When we plan to reconstruct the foreskin, we first 
close the inner prepuce with interrupted stitches, then 
approximate the subcutaneous dartos, and finally sew 
the outer shaft skin, giving a three-layer closure. We 
apply a Tegaderm dressing and leave the stent open 
dripping into diapers for 1 week. 


Proximal urethroplasty 


We make a U-shaped incision immediately adjacent 
to the urethral plate to minimize risk of incorporating 
hair follicles into the neourethra (Figure 71.13). 
While we accomplish foreskin reconstruction in some 
proximal cases, the high incidence of ventral curvature 
limits this option. 

After degloving, we dissect the urethral plate along 
the lateral edges of the corpus spongiosum off the 
underlying corpora cavernosa. We later approximate 
lateral strips of spongy tissue later over the neourethra 
as a barrier layer;8” mobilization sometimes also lessens 
the extent of penile bending. Then we perform artificial 
erection and straighten the curvature as needed. 

We make a midline incision of the urethral plate to 
assess the ‘health’ of this tissue. If the plate appears to 
lack supple subepithelial tissue, it is resected and not 
used for urethroplasty (Figure 71.14). The glans is 
left undisturbed until this point. When the incised 
plate is satisfactory, we dissect the glans wings from 
the urethral plate, as described for distal repairs. We 
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incised urethral plate in proximal hypospadias appears deficient in subcutaneous connective tissues and may seem 
less elastic when handled with forceps. In the authors’ experience, tubularization of a plate with this gross appear- 
ance has resulted in wound dehiscence or neourethral contracture with recurrent curvature. 
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then incise the plate in the midline in preparation for 
tubularization. We then pass a 6 Fr stent into the 
bladder. Sometimes, there may be difficulty negotiat- 
ing the catheter past an enlarged utricle. In these cases 
we pass a 7 Fr cystoscope under vision into the blad- 
der and place a wire over which the stent can be 
maneuvered. 

To create the longer neourethra in proximal 
repairs, a two-layer, 7-0 polyglactin subepithelial clo- 
sure is preferred, the first using interrupted stitches 
and the second, a running stitch. We take care to turn 
all visible epithelium into the neourethral lumen. We 
then close the previously mobilized corpus spongio- 
sum, followed by coverage of the entire repair by a 
dartos pedicle flap. Glanuloplasty follows and then 
skin closure. We then correct significant penoscrotal 
transposition at this point. Finally, a Tegaderm dress- 
ing is applied. The stent diverts urine for 10 days. 


Results 


Advantages of TIP hypospadias repair include ure- 
throplasty without skin flaps and reliable creation of a 
vertical, slit neomeatus giving a normal cosmetic 
appearance. The ability to tubularize the urethral 
plate without incorporating additional skin not only 
simplifies the operative procedure but also increases 
its versatility. Consequently, TIP can be used for pri- 
mary surgery, after circumcision, and for reoperations 
as discussed below. A deeply grooved urethral plate is 
needed to achieve a vertical meatus. Midline TIP inci- 
sion converts a flat or slightly clefted plate to this 
desired configuration. 

Initially, after we introduced the technique, there 
were concerns that the dorsal defect resulting from 
plate incision would heal with stricture or meatal 
stenosis. However, a study of 21 patients undergoing 
urethral calibration 17-84 months (mean 36 months) 
postoperatively found no stenosis or stricture.88 Sub- 
sequently, it was reported that complications 
increased if the plate measured <8 mm or was flat 
before incision.8? We reviewed outcomes in 159 con- 
secutive boys undergoing TIP and found no relation- 
ship between plate characteristics before incision and 
final outcomes.”??! Stenosis noted when the urethral 
plate is narrow or flat emphasizes the important role 
of deep midline incision, which we make to the level 
of just superficial to the corpora. 

Meatal stenosis after TIP can also result from tubu- 
larizing the plate too far distally. I prefer to begin 
tubularization at the neomeatus just beyond the mid- 
glans, creating an oval, not rounded, opening. The 
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Figure 71.15 A healed neourethra after TIP repair. 
Note the absence of visible scarring from the midline 
urethral plate incision. 


3% cumulative incidence of meatal stenosis from a 
total of 779 patients in 15 published series suggests 
this complication more likely indicates technical prob- 
lems than an inherent tendency for the incised plate to 
scar.°* Similarly, in this review there were no cases of 
urethral stricture. Instead, urethroscopy as long as 7 
years after TIP repair demonstrates no visible scarring 
and a normal-appearing neourethra (Figure 71.15). 
Despite routine use of a dartos flap to cover the 
neourethra in both distal and proximal TIP repairs, 
fistulas remain a potential complication. Initially I 
closed the neourethra with interrupted stitches placed 
through the epithelium of the plate, noting a 4% fis- 
tula rate. Subsequently, we have used a running 
subepithelial closure of the plate, and the incidence of 
fistulas has diminished to 0.5% in distal repairs. Sim- 
ilarly, we tubularized proximal neourethras with 
stitches through the epithelium and then covered with 
dartos flaps, and fistulas occurred in 21% of cases.?8 
Following this experience, we changed the closure to 
include subepithelial sutures. The corpus spongio- 
sum, when available, was approximated over the 
neourethra in addition to the dartos flap, with the rate 
of fistulas diminishing to 10% following this modifi- 
cation. Another series of 100 proximal TIP repairs 
with subepithelial tubularization and a dartos barrier 
flap found that only 3% of patients developed fistu- 
las.°4 The importance of a barrier flap in reoperations 
has been emphasized by two reports in which fistulas 
most often occurred when a flap was not used.°-? 
Although essentially all distal repairs can be accom- 
plished by tubularization of the urethral plate, I have 
encountered a few cases in which the incised plate 


1220 Clinical pediatric urology 


overlying the penile shaft in proximal hypospadias did 
not appear suitable for urethroplasty (see Figure 
71.14). In two boys, I performed TIP nevertheless, 
with one wound dehiscence and one contracture of 
the neourethra resulting in curvature. In this circum- 
stance, there appears to be a paucity of subepithelial 
tissues and perceived rigidity to the plate. In subse- 
quent patients with this finding, the plate has been 
excised and a staged urethroplasty performed.77 


Staged urethroplasty 


There are two situations in which the urethral plate 
cannot be tubularized: most common is penile curva- 
ture greater than 30°, which leads to plate transec- 
tion; less often encountered is an ‘unhealthy’ incised 
plate. Options for repair include tubularized preputial 
flaps or staged urethroplasty, which traditionally has 
been done using skin flaps from the dorsal prepuce 
transposed ventrally. However, I now favor use of a 
buccal graft quilted onto the corpora to create a 
neourethral plate for tubularization at the second 
operation. This graft can be placed directly over trans- 
verse incisions made into the corpora for straighten- 
ing. Staged buccal grafts have reliably taken and have 
not been reported to develop diverticula. 


Figure 71.16 Harvesting the buccal mucosa graft for 
urethroplasty. 


Either inner lip or cheek can be used to obtain 
buccal epithelium, but I prefer to use the thinner lip 
tissue for grafting in the glans and thicker cheek for 
the penile shaft. The proposed site is outlined slightly 
larger than needed and infiltrated with 1:100 000 epi- 
nephrine, taking care to identify and avoid injury to 
the parotid duct near the upper second molar (Figure 
71.16). A first-generation cephalosporin is given, 
along with glycopyrrolate to diminish oral secretions 
during harvest. Dissection seeks to minimize fat and 
muscle on the underside of the graft. The donor site 
is packed until bleeding stops and then coated with 
fibrin glue for coverage. The cheek or lip wound is 
not closed. Meanwhile, the graft is further defatted, as 
shown in Figure 71.17. 

We next secure the graft with interrupted 
polyglactin stitches around the perimeter of the 
wound and then quilt it into place with additional 
absorbable sutures 0.5 cm apart down the midline 
and then to either side between the perimeter and 
midline stitches. This quilting minimizes the likeli- 
hood that hematoma will collect under the graft and 
prevent revascularization. We leave a ‘tie-over’ dress- 
ing of Vaseline gauze to secure the graft further. We 
leave this dressing postoperatively with a catheter for 
urinary diversion for 7-10 days. 

In primary repairs, we use the graft to bridge the 
gap between the proximal urethrostomy and the pre- 
served urethral plate in the glans. We leave the distal 
aspect of the plate undisturbed until the second stage, 
or tubularize it at the first stage with the buccal graft 
interposed between proximal and distal urethros- 


Figure 71.17 Defatting the graft. Although pin boards 
can be used, the authors find it simpler to defat the 
graft as shown. Tactile sensation helps determine the 
depth of excision and avoid inadvertent epithelial 
holes. 
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Figure 71.18 Options for buccal grafting in primary hypospadias repair when the urethral plate cannot be used. (a) 
The graft is interposed between the proximal urethrostomy and the distal intact glanular urethral plate. (b) The graft 
from the proximal urethrostomy to the distal tubularized urethral plate. (c) The graft from the proximal urethrostomy 


to the tip of the glans. 


tomies. Alternatively, we resect the glanular plate and 
extend the graft to the tip of the glans (Figure 71.18). 

The graft take is visually apparent. The second- 
stage tubularization of the now-vascularized 
‘neourethral plate’ is done 6 months later using a two- 
layer closure turning epithelium into the lumen. We 
cover the neourethra with a dartos flap, or a tunical 
vaginalis flap if there is not sufficient dartos available. 
A catheter provides urinary diversion for 7-10 days. 

DAC [third author]: The goals of hypospadias 
repair are to provide a straight penis adequate for 
sexual function and to move the urethral meatus to 
the tip of the penis to allow the boy to void with a 
normal urinary stream. 

The glans size, the degree of chordee, the meatal 
location, and the quality of the foreskin all influence 
the choice of repair. Surgeons have developed a 
myriad of hypospadias techniques. My training, the 
interpretations of the ample body of hypospadias lit- 


erature, and my clinical experience as tempered by the 
suggestions of my colleagues have all influenced my 
choice of procedure for the individual boy. Early in 
my career, meatal-based urethral flaps and staged 
repairs were frequent. At the CHOP, which has his- 
torically relied on single-stage transverse preputial 
island flaps and tubes, I began to do more of these 
and fewer staged repairs. 

To avoid the creation of a ‘hypospadias cripple’, a 
skilled team with considerable experience must per- 
form the reconstruction. The surgeon should not 
enter the operating room with an unyielding plan. 
They should have an abundance of techniques avail- 
able and a broad fundamental knowledge in the 
principles required for a successful outcome. 

I believe that the reliability of the repair is reduced 
when the perfusion of the tissue is at risk. I also believe 
that the repair is jeopardized when tissues are intro- 
duced in the repair that are foreign to the urethra. 
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Since adequate urethral tissue is rarely present in the 
boy who has had multiple hypospadias repairs, the 
advantages vs the disadvantages of each technique 
must be weighed. A preputial flap, for example, intro- 
duces well-perfused foreign tissue to the urethra at the 
expense of a higher risk of diverticulum. On the other 
hand, the TIP or Snodgrass repair employs local ure- 
thral tissue in the reconstruction, which perhaps is less 
well supplied with blood. To compensate, additional 
dartos tissue should be moved to cover the repair. 
Because of the interest in island flaps at our institution, 
most of our experience with primary repair for 
hypospadias has been using either an island onlay (the 
vast majority) or an island tube (less commonly). After 
our experience broadened with the onlay, we used it 
even in cases where there was considerable chordee.?° 
I am now more cautious with this. In at least one case, 
after plicating the dorsum of the penis, I have put the 
penis on compression and therefore shortened it to a 
degree. For this reason, in boys with considerable 
chordee and proximal hypospadias, I now rely more 
on the island tube. I am less resistant to transecting the 
urethral plate, particularly since having enjoyed 
improved results with a modification of the island 
tube.”° In addition, I have found that what frequently 
begins as a two-stage repair, in my hands, often results 
in three stages.°” 

Over time, we have modified both the island onlay 
and the transverse preputial island flap and now oper- 
ate on younger children. Studies by some of the best 
surgeons have shown that adult hypospadias repair is 
far less successful than repair in younger children.*® 
Tissue factors that contribute to near scarless wound 
healing in the fetus”? are less likely to be present in the 
older boy and the adult. 

What follows is a description of the major repairs we 
use at CHOP, in addition to the TIP described above. 


Meatal advancement and glanuloplasty 


The MAGPI offers reliable cosmesis and long-term 
success when applied to glanular and selected coronal 
meatus repairs. Recently, we have used this repair less 
commonly and will usually opt for a TIP repair in 
cases where we would have used the MAGPI in the 
past. Presence of urethral mobility and a rounded 
glans, along with the absence of significant chordee, 
should be assessed to ensure an ideal outcome and 
avoid meatal regression. We assess urethral mobility 
by distal traction on the meatus with fine forceps. 
The MAGPI begins with a circumferential incision 
6-8 mm proximal to the corona of the glans and 


proximal to the meatus (Figure 71.19a). We dissect 
the penile shaft skin with extreme care ventrally over 
the corpus spongiosum to avoid urethral injury. A 
longitudinal incision from the dorsal distal edge of the 
meatus is carried to the distal glans groove as it tran- 
sects the transverse bridge of tissue that is often pre- 
sent (Figure 72.19b). We approximate the incised 


Figure 71.19 Meatoplasty and glanuloplasty repair 
(MAGPI). (a) A circumferential incision 5 cm below the 
corona. (b) The transverse bridge of the tissue distal to 
the meatus is sharply incised. (c) A Heineke—Mikulicz 
closure opens and advances the meatus. (d) The ven- 
tral meatal edge is pulled distally and the exposed 
glans edges are trimmed and approximated. (e) Glanu- 
loplasty is performed with subepithelial sutures to 
leave a rounded, conical glans. (f The dorsal skin is 
transferred ventrally, excess skin is excised, and no 
catheter is left in place. 
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tissue edges in a Heineke—Mikulicz fashion with 7—0 
absorbable suture to advance the meatus distally 
(Figure 72.19c). We pull the medial edge of the ven- 
tral meatus distally and the exposed glans edges are 
trimmed to leave the glans with a cosmetically sound, 
rounded appearance (Figure 72.19d). The dorsal 
hooded foreskin is trimmed in the midline to allow 
adequate ventral skin transfer, and skin is approxi- 
mated to the glans with absorbable, subcuticular 
suture to complete the repair (Figures 72.19e,f). 

In cases where the urethral meatus is proximal to 
the corona or if the ventral penile shaft skin is thin, we 
are less apt to use the TIP repair and tend to use the 
onlay island flap repair. 


Onlay island flap 


Numerous alternatives for single-stage neourethral 
reconstruction for proximal hypospadias, ranging 
from prepuce-based flaps, the incised plate urethro- 
plasty to free grafts, have been described with varying 
results,?3-100-102 Whereas surgical innovation has 
enabled most variants of hypospadias to be repaired 
with preservation of the urethral plate, proximal 
hypospadias with severe chordee may still require 
transection of the urethral plate. From the time Duck- 
ett first described the transverse preputial island flap 
(TPIF) repair in 1980,° we have continued to prefer 
the incorporation of vascularized preputial flaps for 
these difficult cases. 

To ensure hemostasis, we infiltrate a solution of 
1:100 000 epinephrine and 1% lidocaine along the 
marked line. We then incise the skin and deglove the 
penis to Buck’s fascia, beginning the dissection ven- 
trally — from the urethral meatus to the penoscrotal 
junction — and then dorsally to the penopubic junc- 
tion. We then incise the urethral meatus proximally 
until we see normal-appearing vascularized corpora 
spongiosum and normal bleeding from the native ure- 
thra. We then perform an artificial erection with injec- 
tion of normal saline. If the penis is curved less than 
30°, we plicate the dorsum of the penis with a pair of 
vertical incisions closed horizontally. 

Van Hook first introduced the concept of a 
preputial flap based on a vascular pedicle to repair 
proximal hypospadias in 1896.1 Asopa and colleagues 
developed the effective use of inner preputial skin for 
a substitution urethroplasty and Duckett furthered this 
technique by describing a TPIF repair in 1980.65-103 
The island onlay flap evolved from the TPIF as expe- 
rience demonstrated that repair of the chordee with 
hypospadias can be accomplished by dissection of the 


subcutaneous tissue and dorsal midline plication, and 
that division of the urethral plate is required in only 
10% of cases.5? The concept that spongiosum consists 
of vascularized tissue and smooth muscle bundles that 
may be utilized in a hypospadias repair evolved over 
the 1980s after histologic examination.!°41% We use 
the onlay island flap for more than 90% of our patients 
with subcoronal hypospadias. 

The circumferential incision begins dorsally, 
6-8 mm proximal to the corona, and extends ventrally 
just proximal to the meatus (Figure 71.20a). We then 


Figure 71.20 Onlay island flap. (a) Dashed lines indi- 
cate the initial circumcising incision carried along to 
the ventrum and anteriorly to provide a subcoronal 
collar. Note the midline incision is carried to the peno- 
scrotal junction to facilitate adequate inspection of 
spongiosal tissue. (b) The penis is degloved and the 
native urethral meatus is incised back to normal spon- 
giosal tissue. Thin gossamer-like dysplastic urethral 
tissue is incised until normal, well-vascularized tissue is 
seen. Stay sutures separate the inner and outer faces 
of the preputial flap and the onlay flap is mobilized with 
mesentery intact. A buttonhole in the mesentery allows 
ventral transposition without increasing torque on the 
penis. (c) The edges of the flap are sutured with subep- 
ithelial interrupted sutures. Tailoring of the flap mini- 
mizes the risk of diverticulum formation. (d) Byars flaps 
cover the skin-deficient ventrum with subcuticular 
sutures. 
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extend the incision further proximally to split ventral 
shaft skin in the midline to the penoscrotal junction 
(Figure 71.20b). We make parallel incisions 5 mm 
wide or narrower along the urethral plate distally to 
the glans tip at a point where the flat ventral surface of 
the glans begins to curve around the meatal groove. 
We take care to keep these incisions superficial to 
avoid injury to underlying spongiosum. Dissection of 
the skin should avoid entering a plane into the intrin- 
sic vascularity of the skin to preserve its viability as a 
preputial flap. As is commonly the case, if dissection of 
the penile ventrum reveals thinned spongiosal tissue 
that is nearly transparent, we incise the urethra proxi- 
mally to what appears to be normal spongiosum. The 
urethral plate need not be more than 2 mm wide prior 
to the onlay transfer. 

Then we outline the flap on the inner preputial skin 
surface with interrupted 5-0 polypropylene stay 
sutures (see Figure 71.20b). We place the sutures to 
accentuate the fold of tissue between the inner and 
outer prepuce. The initial incision just beneath the 
skin at the junction between the inner and outer 
preputial faces of foreskin sharply divides an 
8-10 mm segment of this epithelium. We are careful 
to harvest the flap following a midline incision on the 
ventral shaft to the penoscrotal junction, allowing 
flattening of the shaft skin that facilitates the estab- 
lishment of the plane between the blood supply to the 
flap and the blood supply to the penile shaft skin. 

The dissection of the vascular pedicle begins at the 
mid-shaft where we have an easier time separating it 
from the blood supply to the dorsal penile shaft skin. 
This approach to the harvest of the flap easily identi- 
fies the proper plane and assures preservation of blood 
supply to the flap. The splitting of ventral shaft skin, 
completed during the initial circumcising skin inci- 
sion, releases the base of the dorsal vascular pedicle 
and allows for wider mobilization of the preputial 
foreskin for flap isolation. The flap is then rotated 
ventrally, or more commonly, transferred by creating 
a window in the vascular mesentery through which 
the glans is passed, and then tapered proximally and 
distally (Figure 71.20c). To avoid turbulent voiding 
that may contribute to fistula formation and divertic- 
ulum, we aggressively trim the proximal flap to a 
wedge shape to provide a consistent caliber of the 
tube as the neourethra meets the spatulated native 
urethra. The combined width of the preserved plate 
and the flap should be about 10 mm and no wider at 
the anastomosis than at the urethral meatus. 

Experience has shown that too wide a neourethra 
may lead to kinking or diverticulum formation. The 


appropriately designed flap is then sutured into place 
using lubricated interrupted 7—0 polyglactic suture at 
the proximal meatus and then in an interrupted 
subepithelial fashion along the lateral edges of the 
plate (see Figure 71.20c). We no longer close the flap 
over a feeding tube. We prefer to place the tube at the 
conclusion of the construction of the neourethra. The 
8 Fr feeding tube then serves as a spacer to assure an 
adequately sized glanuloplasty. We complete the 
glanuloplasty with medial rotation of mobilized glans 
wings with 6-0 Maxon sutures placed parallel to the 
cut edge of the glans wing, beginning at the urethral 
meatus (Figure 71.20d). We place a 6 Fr Kendall ure- 
thral stent and the dorsal preputial skin is split in the 
midline and rotated ventrally to afford adequate cir- 
cumferential skin coverage. 


The transverse preputial island flap 


The traditional TPIF creates the neourethra by first 
tubularizing the dorsal preputial tissue into a 
neourethra and then transferring the tube to the 
native urethra proximally and to the glans distally. 
This repair has been associated with a complication 
rate of up to 32-42% in some reports.106-108 In our 
own experience, we encountered postoperative com- 
plications, especially urethral diverticula and meatal 
stenosis, in a minority of infants when the meatal 
opening or phallic size was small, or when the 
chordee was severe. 

Recently, we developed a modification of the 
Duckett transverse island tube that uses one side of 
the island flap to recreate a urethral plate, with the 
remainder of the flap tailored and rolled to recreate a 
neourethra. This modification of Duckett’s original 
procedure has made it easier for us to tailor the ure- 
throplasty to create a more consistent neourethra with 
less risk for diverticulum and stenosis. We believe that 
reducing the likelihood of leaving redundant tissue in 
situ minimizes the risk for diverticulum formation, 
turbulent voiding, and urethrocutaneous fistula. We 
perform the TPIF by first placing a glans-holding 
suture. We next outline a circumcising incision and 
extend the mark on the midline to the penoscrotal 
junction. Proximal extension of the ventral incision 
facilitates subsequent harvesting of the onlay flap by 
allowing the penile shaft skin to flatten, which results 
in better visibility of the pedicle of the flap and better 
separation of the pedicle and the dorsal penile shaft 
skin. To ensure hemostasis, we infiltrate a solution of 
1:100 000 epinephrine and 1% lidocaine along the 
marked line. We then incise the skin and deglove the 
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Figure 71.21 An inner preputial skin flap is harvested 
dorsally. The preputial flap should be harvested begin- 
ning at the middle of the penile shaft where the 
vascular pedicle to the inner prepuce is better defined. 
The dissection then proceeds proximal to the peno- 
pubic junction and distal, completely separating the 
preputial flap from the distal penile shaft skin. In the 
past, we rotated the pedicle along one side or the other 
of the penile shaft. We now create a buttonhole 
through the vascular pedicle at the penopubic junction, 
which reduces the extent of the pedicle dissection 
while minimizing the risk of penile torque after the flap 
is transferred to the ventrum in preparation for the ure- 
thral reconstruction. The arrow indicates the site of the 
buttonhole for this flap. 


penis to Buck’s fascia, beginning the dissection ven- 
trally — from the urethral meatus to the penoscrotal 
junction — and then dorsally to the penopubic junc- 
tion. We then incise the urethral meatus proximally 
until we see normal-appearing vascularized corpora 
spongiosum and normal bleeding from the native ure- 
thra. We next perform an artificial erection, and if the 
chordee is severe, the urethral plate is transected and 
dissected from the corporeal tissue until the tethering 
effect of the spongiosum tissue is released. The ven- 
tral dissection of the urethral plate sometimes results 
in a relatively distal urethra displaced to the peno- 
scrotal junction or even to the perineum. We incise 
the glans deeply in the midline and excess epithelium 
is trimmed. If required, we make appropriate-length 
dorsal longitudinal incisions off the midline and close 


Figure 71.22 The medial margin of the flap is anchored 
longitudinally to the ventral surface of the corpora cav- 
ernosa just to the right or left of the midline using a 
series of interrupted 7-0 polyglactin sutures. Proposed 
site of this first suture line is shown by hatched line. 
These sutures are placed subcuticularly and are not 
passed through the epithelium of the flap. An arrow 
indicates the location of the urethral meatus and a 
vertical solid line represents the proposed plane for 
placement of a second parallel suture line that com- 
pletes the tubularization of the neourethra. 


them horizontally to correct chordee. Then we repeat 
the artificial erection to assure that we have corrected 
all of the curvature. 

When the penis is straight, we harvest the segment 
of inner prepuce from the redundant dorsal prepuce 
and buttonhole the mesentery of the flap and trans- 
pose the flap to the ventrum (Figure 71.21). We fix 
the native urethral meatus, which is now in a more 
proximal location, to the corpora cavernosa with fine 
absorbable monofilament sutures. 

In the past, we constructed the urethra from the 
island flap by rolling the tissue over a tube and then 
suturing the proximal end to the native urethral 
meatus at the penoscrotal junction or at the per- 
ineum.® We currently modify the construction of the 
urethra by first anchoring one side of the flap longi- 
tudinally to the ventral surface of the corpora caver- 
nosa just to the right or left of the midline using 7—0 
polyglactin sutures (Figure 71.22). The anchoring 
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Figure 71.23 The opposite margin of the flap is 
stretched to accurately tailor the flap to the desired size 
of the neourethra (marked area indicates portion of flap 
to be discarded while preserving underlying vascular 
supply). The narrowed proximal flap is sutured to the 
spatulated native urethral meatus. 


begins at the posterior wall of the native urethra and 
proceeds distally to the proposed location of the 
neomeatus in the glans. This maneuver creates a new 
urethral plate of inner preputial skin, which no longer 
binds the ventral corpora. The anchored medial edge 
of the tube allows the opposite end of the flap to flat- 
ten, to facilitate the construction of an appropriately 
sized neourethra (Figure 71.23). The tube must be 
narrowed substantially at the proximal anastomosis 
between the new and spatulated native urethra to 
align the skin edges and to construct a tube of ideal 
caliber without a diverticulum at the distal extent of 
the native urethra. For boys reconstructed in the first 
year, we use an 8 Fr feeding tube as a template to 
gauge urethral lumen as the closure proceeds. 

To construct the neourethra, we place a second 
interrupted subcuticular suture line adjacent to the 
first suture line longitudinally along the ventral penile 


Figure 71.24 The neourethra is constructed over an 
8 Fr feeding tube, which is replaced with a 6 Fr urethral 
stent prior to application of the dressing. 


Ss 


shaft (Figure 71.24). The urethral reconstruction 
continues proximally to the glans penis. We complete 
the glanuloplasty over an 8 Fr urethral stent with 6-0 
absorbable monofilament horizontal mattress sutures 
placed parallel to the cut edge of the glans to cover the 
distal edge of the tube and to provide an accurate 
appearance. We exchange the 8 Fr stent for a 6 Fr 
stent that we leave indwelling for 2-2.5 weeks and a 
dorsal preputial skin is fashioned to provide adequate 
skin coverage as in all hypospadias repairs (Figure 
71.25). 

We cover the repair with a dressing that compresses 
the penis against the lower abdominal wall by placing 
a thin non-absorbent pad and a folded gauze sponge 
on top of the penis followed by a bioocclusive dress- 
ing. We use trimethoprim-sulfamethoxazole as 
antimicrobial prophylaxis while the urethral stent 
remains — usually for 2-2 weeks. 

The ideal surgical correction for penoscrotal or per- 
ineoscrotal hypospadias with severe chordee remains 
elusive. In addition to allowing a single-stage repair 
with the attendant benefits to the patient, the primary 
advantage of the modified TPIF over free graft repairs 
is the incorporation of vascularized preputial flaps. 
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Figure 71.25 The dorsal preputial skin is split in the 
midline and rotated ventrally to afford adequate cir- 
cumferential skin coverage with a series of subcuticu- 
lar sutures. 


We recently reported a 20-year review of outcomes 
utilizing vascularized preputial flaps for severe 
hypospadias at our institution that confirmed the 
long-term viability of these flaps.'°? Our preference 
continues to be to utilize preputial flaps as an island 
onlay or island tube when the urethral plate is or is 
not preserved, respectively. 110 

The modified TPIF converts a difficult procedure — 
the original transverse preputial island tube repair — 
into a more commonly performed and consistent 
island onlay repair by recreating a urethral plate with 
one side of the ventrally transposed inner preputial 
skin that we anchor to the medial margin of the cor- 
pora. By anchoring the medial edge of the flap to the 
corpora, we can stretch the opposite end of the flap to 
tailor the neourethra to the size of the native urethra. 
This minimizes the risk of formation of a urethral 
diverticulum where the native urethra meets the 
neourethra, and probably precludes the turbulent 
voiding that may contribute to formation of urethral 
diverticula. Furthermore, the adjacent suture lines are 
dorsal, which may minimize the risk of fistula. 
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Figure 71.26 Tunica vaginalis flap. 


Barrier layers 


The most common complication of hypospadias 
repair is urethrocutaneous fistula. One factor thought 
to contribute to the development of fistula is overlap- 
ping suture lines of the neourethra and overlying shaft 
skin closure. To prevent fistula, tissue barrier layers 
are interposed as a preventive measure. In primary 
repairs, we obtain dartos flaps from the dorsal pre- 
puce and shaft skin and transpose them to the ven- 
trum, either around the side of the penis or via a 
buttonhole over the glans (Figure 71.26). When we 
bring these flaps around the penile shaft, proximal 
dissection extends to the suspensory ligament to avoid 
penile torsion. We also harvest de-epithelialized 
dartos flaps from the scrotum. When dartos is not 
readily available, usually in reoperations, we use 
tunica vaginalis flaps (Figure 71.27). It is important 
to dissect these flaps well up the spermatic cord to 
avoid postoperative traction on the ipsilateral testis, 
especially during erections. H 


Skin closures 


Hypospadias repair in the United States has tradi- 
tionally included circumcision to remove the dorsally 
hooded foreskin, whereas in other countries foreskin 
reconstruction is preferred so that the penis looks 
unoperated. However, many ethnic groups in the 
United States do not prefer routine circumcision. 
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Figure 71.27 Dorsal buccal inlay hypospadias reopera- 
tion. 


Whenever possible, hypospadiologists should offer 
families the outcome they desire. If the TIP repair is 
performed, surgeons can reconstruct the foreskin 
without increased complications unless there is ven- 
tral curvature more than 30° or urethroplasty using 
preputial skin is anticipated. The main difference 
between repairs with circumcision is that the initial 
skin incision does not extend circumferentially, but 
from the dorsal corners of the hooded prepuce ven- 
trally under the meatus (see Figure 71.12). The ven- 
tral shaft is degloved to healthy dartos. After 
urethroplasty, the prepuce is approximated in three 
layers, consisting of inner prepuce, middle dartos, and 
outer skin. The reconstructed foreskin is not manipu- 
lated until these suture lines have healed, usually 
between 6 and 12 weeks. Secondary phimosis is 
uncommon, and although dorsal dartos is not accessi- 
ble for a barrier layer, the rate of fistulas has not been 
increased. 112-114 

Suture tracks have occurred in as many as 40% of 
patients after hypospadias repair when stitches are 
placed through the epithelium. !!* These may not be 
apparent for as long as 1 year postoperatively, as 
desquamated keratin fills the small tunnel remaining 


after the sutures dissolve. We advocate use of subep- 
ithelial stitches to minimize suture tracks, although 
they can still occur despite this precaution from the 
passage of needles through skin appendages. 


Two-stage repair 


We occasionally encounter challenging cases where 
severe chordee and a proximal meatus limit the 
applicability of a one-stage tube repair. In a few cases, 
injury to the vascular pedicle of the onlay or tube 
during harvest requires a two-stage repair. Anecdotal 
and reported experience maintains, in fact, that the 
two-stage technique offers fewer complications over- 
all and better cosmetic results than the single-stage 
repair for select cases.!!®1!7 Our CHOP experience, 
however, suggests a similar fistula rate following the 
second stage of a two-stage repair to that following a 
one-stage island onlay or tube repair.?” 

A two-stage repair often involves a scrotoplasty 
with an aggressive attempt to relieve penile curvature, 
including transection and proximal removal of the 
plate. Either a dermal graft or tunica vaginalis may 
bridge a gap over an incised Buck’s fascia, although 
this maneuver is very rarely required to bridge any 
defect in the ventral tunica albuginea surface. Tradi- 
tionally, the dorsal hooded preputial skin is incised to 
rotate the resultant flaps ventrally. These flaps are 
allowed to heal and will be used to create the future 
urethral plate. Alternatively, an island flap can be 
sewn into place to be used as a urethral plate later. 

The second stage is planned after an interval of 
about 6 months. At that point, parallel vertical inci- 
sions 12-15 mm apart are mapped distally, beginning 
at the meatus and including the glans. Glans wings are 
mobilized and the glans may be incised in the midline 
as with the TIP repair. Incisions are completed and a 
neourethra is then tubularized to complete the repair 
using a standard Thiersch-Duplay technique. We 
cover the repair aggressively with dartos tissue or in 
some cases with processus vaginalis flaps taken adja- 
cent to the spermatic cord on one side or the other. 
Rarely, placement of the suture line into the scrotum 
facilitates healing. The penis is then mobilized from 
the scrotal flaps in a third stage, usually 3-12 months 
later. 


Grafts 
Severe proximal hypospadias and repeat hypospadias 


repairs may incorporate free grafts to construct a 
neourethra or augment an existing plate. The versatil- 
ity of most primary hypospadias repairs using 
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preputial skin or the urethral plate, however, has 
obviated our use of free grafts for primary hypospa- 
dias repairs. At CHOP, we reserve this technique only 
for reoperations or the rare instances where a paucity 
of local tissue is evident.!!8 Free skin, bladder 
mucosa, tunica vaginalis, and buccal mucosa have 
been variously described as appropriate tissue for free 
graft use.119-121 

Our experience has been that bladder mucosa is less 
pliable than buccal mucosa, with the latter being less 
likely to shrink and requiring a one-to-one ratio for 
harvest compared with the defect to be repaired. We 
prefer buccal mucosa also, as thick epithelium, tensile 
strength, and high levels of type IV collagen favor 
graft take.!2? We no longer use bladder mucosa and 
use buccal mucosa exclusively in the rare cases requir- 
ing a free graft. Our techniques are similar to those 
described above. We no longer advocate the use of 
tubularized buccal mucosal grafts, but prefer staged 
repairs, as described above. 

Metro et al!!® and Hensle et al? have reported 
long-term results for buccal mucosa used as tubular- 
ized repairs in complex hypospadias reoperations. 
Overall complication rates of from 32% to 57% were 
reported, with graft stricture and meatal stenosis 
being most common. All complications were evident 
by 11 months in both groups Buccal mucosa is a 
viable non-genital tissue alternative for a select sub- 
group of patients requiring urethral reconstruction, 
but superior results seem likely if the graft is staged. 


Reoperative urethroplasty 


Differences in opinion between the authors regarding 
primary hypospadias repair also influence our recom- 
mendations for reoperations. 

WTS [first author]: The goal in hypospadias reop- 
eration is the same as in primary surgery, which is a 
functional penis with a normal cosmetic appearance. I 
follow the same decision-making process — tubulariz- 
ing the urethral plate when it is still present and 
supple, and otherwise creating a neourethral plate for 
tubularization. As in primary urethroplasty, skin flaps 
are avoided, especially since their vascularity cannot 
be assured after prior surgery.!?4 

During the past 20 years the trend in primary 
hypospadias repair has been to conserve the urethral 
plate for use in urethroplasty. Consequently, in my 
experience, the plate is most often still present after 
one or two failed operations. Furthermore, despite 
prior incision for MAGPI or TIP, the urethral plate 
may remain grossly supple. We perform cystoscopy 


before surgery to determine the status of any remnant 
neourethra or the distal native urethra. Then we out- 
line a Y-shaped incision along the visible junction of 
the glans to urethral plate, extending 2 mm under the 
meatus and then continuing in the midline to near the 
penoscrotal junction. We then incise and tubularize 
the urethral plate. We mobilize a flip-flap of dartos 
from the ventrum to cover the neourethra before 
glansplasty. If a dartos flap is not available, we use 
tunica vaginalis, since fistulas are more likely without 


Figure 71.28 Patch grafting regions of focal scar in 
staged buccal graft urethroplasty. The scarred region is 
excised and replaced with new buccal graft quilted into 
place. 


1230 Clinical pediatric urology 


Figure 71.29 Staged buccal graft hypospadias reoperation. 


coverage of the urethral reconstruction with a barrier 
layer. 

If the urethral plate was excised previously, a 
healthy skin strip can sometimes be conserved as a 
substitute urethral plate. It is incised in the midline, 
but rather than rely upon spontaneous re-epithelial- 
ization, the resultant defect is grafted with buccal 
mucosa (Figure 71.28). We quilt this buccal inlay 
graft into place, and then tubularization proceeds for 
a single-stage repair. Dorsal inlay grafting mimics cur- 
rent trends in adult urethral stricture repair, taking 
advantage of the reliable take that occurs when a graft 
is secured dorsally to the corpora. 

When there is gross scarring of the urethral plate or 
residual skin, or any evidence of balanitis xerotica oblit- 
erans (BXO), we excise these tissues and replace them 
with buccal graft for staged urethroplasty (Figure 
71.29). In the first operation, we excise unhealthy tis- 
sues from prior surgery from the surface of the corpora 
and between the glans wings, re-establishing a deep 
glans groove. We create a proximal urethrostomy and 
we harvest a buccal graft. We use the inner lip to resur- 
face the glans, while cheek covers the penile shaft. 


Following the first stage, focal contraction or scar 
develops in up to 20% of patients. Midline incision 
and buccal inlay grafting during the planned second- 
stage urethroplasty can correct partial graft contrac- 
ture. More extensive contracture or scarring requires 
a second operation to excise the unhealthy region and 
regraft (Figure 71.30). Urethroplasty is then per- 
formed 6 months later. 

At the second stage, margins of the neourethral 
plate are first infiltrated with 1:100 000 epinephrine. 
Then the buccal plate is separated from the shaft skin 
and glans. It is tubularized, turning epithelium into 
the lumen. I prefer to use a two-layer closure, the first 
with interrupted and the second with running 
stitches. We cover the entire neourethra with dartos 
and/or tunical vaginalis flaps, and then glanuloplasty 
and shaft skin closures proceed as described above for 
primary repairs. 

A 6 or 8 Fr dripping stent provides urinary diver- 
sion in prepubertal boys, but in teens and adults we 
leave a 10 or 12 Fr stent across the repair with a per- 
cutaneous suprapubic tube for urine drainage. We 
continue diversion for 10 days, and cover with 
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Figure 71.30 (a) Scar noted in mid portion of graft. (b) 
Scarred region is excised. (c) Scarred region is 
replaced with new buccal graft quilted into place. (d) 
Patched area now healed, neourethral plate ready to be 
tubularized. 


antimicrobial prophylaxis using trimethoprim-sul- 
famethoxazole. We have usually prescribed antiandro- 
gens in teens and adults to reduce erections. 

Staged buccal graft reoperations result in a vertical 
slit meatus while preserving penile skin for shaft clo- 
sure. Consequently, excellent cosmetic outcomes have 
been achieved despite as many as 15 prior failed oper- 
ations.!?4 Fistulas were noted in only one case in 
which a tissue barrier layer covered the neourethra, 
and no strictures or diverticulum occurred. 

DAC [third author]: In redo hypospadias repairs, 
our modification of the flap harvest has led us to feel 
more confident in harvesting distal penile shaft skin in 
patients who have already had the foreskin utilized in 
previous repairs and even in a reharvest of shaft skin 
following the previous harvest of an island flap in the 
initial repairs. 

Because of the difficulty and high risk of fistula, 
particularly in the older patient, we prefer to get as 
much tissue to the ventral penile shaft as possible; 
hence our commitment to moving tissue, to covering 
the fistula in most cases with skin taken from the 
dorsum of the penis on a pedicle flap. If the urethra 
requires replacement, we separate the flap with half of 
the flap deployed as the urethral replacement and the 
other half of the flap used as ventral skin coverage. 
Successful urethroplasty for a patient that has under- 
gone previous failed hypospadias repairs remains a 
surgical challenge. These repairs require continued 
adherence to the surgical principles of urethrocuta- 
neous fistula repair: a sufficient time interval follow- 
ing failed repair; excision of the fistulous tract; closure 
of the urethral defect with mucosa-inverting sutures; 


and overlay of the urethral repair with abundantly 
vascularized tissue.!25 In some cases, however, the 
absence of preputial skin, paucity of ventral skin, and 
residual chordee may all contribute to augment the 
risk of failure following salvage hypospadias surgery. 


The split onlay skin (SOS) flap for redo 
hypospadias repair or fistula 


We have attempted to address the dual aims of com- 
pleting a redo urethroplasty with an onlay island flap 
using residual penile skin while also rotating adequate 
skin for ventral penile skin coverage. We place a glans 
traction suture and mark a circumcising incision line. 
The line extends ventrally to the midline and then ver- 
tically to the penoscrotal junction. The release of this 
ventral tissue allows the dorsal skin to flatten in an 
‘open-book’ fashion, facilitating proximal dartos 
mobilization with the island skin flap with minimal 
risk of damage to the pedicle to the dorsal skin flap. 
Lidocaine with epinephrine (1:100 000) is infiltrated 
along the marked line prior to incision. We then 
deglove the penis by creating a plane of dissection 
superficial to Buck’s fascia and avoiding injury to the 
preputial skin pedicle (Figure 71.31a). 

If the distal urethral coverage is particularly thin, or 
if a diverticulum is present along with a fistula, we 
incise the urethra distal to the fistula, from distal to 
proximal, and the diverticulum is trimmed. If the 
distal urethra requires reconstruction, we measure the 
length of the urethral defect to estimate the size of the 
skin flap that will be required for urethroplasty. We 
then examine the dorsal penile shaft skin for redun- 
dancy, and outline a circumferential flap up to 1 cm 
wide and longer than the length of the urethral defect. 
We place interrupted 5-0 polypropylene stay sutures 
and grasp them so that we accentuate the fold of 
tissue between the outlined flap skin and the shaft 
skin. We divide the epithelium with the initial incision 
and harvest the flap in a plane that preserves the vas- 
cular pedicle. The midline incision of the ventral shaft 
skin completed earlier releases the base of the dorsal 
vascular mesentery and facilitates flap mobilization. 

We then pass the dorsal penile skin flap over the 
glans through a buttonhole in the mesentery. We 
divide the flap transversely into superior and inferior 
segments after ensuring adequate vascularity to both 
segments (Figure 71.31b,c). We tailor one part of the 
flap to fit the urethral defect. We suture the urethral 
segment into place with interrupted 7-0 polyglactin 
sutures as an island onlay hypospadias repair (Figure 
71.31d). After we reconstruct the glans, we place a 
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Figure 71.31 The split onlay skin (SOS) hypospadias repair technique. (a) The fistula is identified along the ventral 
surface of the penis following circumferential degloving of the penile skin. (b) An approximately 1 cm wide dorsal 
preputial flap is isolated and harvested, preserving the vascular mesentery. A buttonhole is created in the mesen- 
tery and the flap is transposed ventrally. (c) The flap is divided transversely into two segments, with the superior 
segment tailored to correspond to the urethral defect and to be used as an onlay flap. (d) The appropriately designed 
superior segment is sutured into place with interrupted 7-0 polyglactin sutures, as in the standard island onlay 
hypospadias repair, and a glanuloplasty is completed over a 6 Fr Kendall stent. (e) The residual penile skin is reap- 
proximated dorsally and the remaining inferior segment of the rotated flap is used to cover the persistent ventral 


skin defect. 


6 Fr urethral stent and begin the skin closure. A 
redundant dorsal prepuce is not available in these 
boys to use to cover the ventral skin defect. Therefore, 
after reapproximating the dorsal penile shaft skin, we 
tailor the remaining segment of the dorsal skin flap to 
provide additional coverage of the ventral penile shaft 
(Figure 71.3le). A Telfa and gauze dressing that 
compresses the penis and urethral stent against the 
lower abdominal wall with Tegaderm (‘sandwich 
dressing’) is applied and the patient is discharged with 
prophylactic antibiotics. 


Our preference is to preserve the urethral plate, if 
possible, and utilize penile skin in repairing the failed 
hypospadias repair. Our experience has been similar to 
the reports of Jayanthi et al!?3 and Simmons et al!?6 that 
previously relocated penile skin may be successfully 
rotated as an island onlay flap to repair hypospadias fis- 
tula without vascular compromise and with consistently 
favorable outcomes. We have found that even following 
multiple previous hypospadias repairs, enough penile 
shaft skin is usually present dorsally or laterally to trans- 
pose ventrally for an island onlay repair. 
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We have also used acellular dermal matrix (Allo- 
Derm) to augment the flap in cases where the dartos 
coverage is thin. In complex hypospadias cripples, we 
have also used this material in conjunction with pri- 
mary closure or in association with flaps. 


Complications of hypospadias repair 


Fistulas 


Urethrocutaneous fistulas are the most common com- 
plication of hypospadias surgery. Several factors have 
been implicated in their occurrence, including appos- 
ing suture lines from neourethral and skin closure, 
distal obstruction from meatal stenosis or urethral 
stricture, turbulent urine flow, for example in diver- 
ticulum, and locally impaired vascularity. Fistulas are 
usually apparent within the first few months after 
surgery, but occasionally develop years later. Some 
close spontaneously, but most require surgical correc- 
tion. 

Barrier layers to ‘waterproof the neourethra sepa- 
rate overlying suture lines to decrease risk for fistulas. 
Although helpful, this measure alone is not sufficient, 
as seen in our report of a 21% incidence of fistulas in 
proximal repairs despite the use of a dartos barrier 
flap in every case.°? In this series no attempt was 
made to turn epithelium into the lumen of the 
neourethra and, since making this modification, the 
fistula rate has diminished by more than 50%. 

We have delayed fistula repair for 6 months and 
longer after hypospadias surgery in older children and 
adolescents to allow postoperative edema and tissue 
inflammation to resolve. We perform urethroscopy or 
sound the urethra to assess the neourethra for 
obstruction, diverticulum, or unexpected additional 
fistulas. The surgical field is infiltrated with 1:100 000 
epinephrine to minimize bleeding for optimal visual- 
ization, and then the fistula opening is circumscribed 
and the tract dissected to the entrance into the ure- 
thra. After excision, we turn back the epithelium of 
the urethral opening into the lumen, and this closure 
is then covered with a dartos flap. Fistulas at the coro- 
nal margin or on the proximal glans require more 
extensive repair, opening the distal urethra from the 
meatus through the fistula. In these cases, we redo the 
hypospadias with closure of the neourethra, interpo- 
sition of a dartos flap, and glanuloplasty. Although 
catheter drainage in not always needed after closure of 
small fistulas on the penile shaft, we recommend it 
following reoperative glanuloplasty. 


Immediate treatment to seal fistulas was reported in 
a small series of patients in whom topical corticos- 
teroid was initially applied for 3 days to reduce tissue 
reaction, and then a catheter was placed and n-butyl 
cyanoacrylate applied.!?” Durable success, defined as 
no recurrent fistula at 6 months, was noted in five of 
eight cases, but the potential role of early therapy will 
require additional experience. 

Small fistulas amenable to simple closure, including 
coverage with a dartos layer, are successfully repaired in 
over 90% of cases,!?8:!?9 although larger and multiple 
fistulas have a higher recurrence rate,!??-!3° which may 
indicate impaired local vascularity. If the neourethra 
appears otherwise healthy, we would expose the 
affected area with a more extensive dissection and sup- 
plement any available local dartos flap with an addi- 
tional covering using a tunica vaginalis flap. 131 


Meatal stenosis 


Meatal stenosis may result from poor distal vascular- 
ity and wound contracture, technical errors in meato- 
plasty, or less commonly, from BXO. Regardless of 
urethroplasty technique, the neomeatus should be 
generously sized and oval, not rounded, allowing for 
minor postoperative contraction. This precaution 
applies especially to tubularization procedures where 
the temptation to suture the neourethra too far dis- 
tally can lead directly to stenosis. Failure to incise a 
narrow, flat urethral plate for TIP repair could also 
result in an inadequate diameter. BXO is not com- 
monly encountered after hypospadias repair in the 
United States, possibly because of the preference for 
circumcision, but should be suspected when a typical 
white scar involves the meatus. 

A visually small meatus is not necessarily patho- 
logic, and calibration should be performed to diag- 
nose true stenosis. Meatotomy may be an effective 
therapy for a limited distal scar, or reoperative glanu- 
loplasty with deep urethral plate incision may be 
required to increase the distal urethral caliber. BXO 
occasionally responds to topical corticosteroids, but 
usually mandates complete excision of the involved 
tissues with buccal mucosal grafting. !%2 


Urethral stricture 


We suspect a neourethral stricture when the urinary 
stream is diminished, although a visibly decreased 
force of the stream and uroflowmetry in the lower 
limits of normal can occur despite an adequate ure- 
thral diameter determined by urethroscopy and cali- 
bration.88 Circumferential anastomoses are thought 
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to have a greater risk for constriction, but a compari- 
son study of tubularized vs onlay preputial flaps found 
no significant difference in strictures between the two 
techniques. 1° Despite initial concerns that the relax- 
ing incision for TIP would create strictures, this com- 
plication has only been rarely encountered.88;%2 

Short strictures detected within a few months of 
surgery can be managed successfully with dilation 
under anesthesia or optical urethrotomy, with 
reported success in approximately 50% of cases, 133 
However, these interventions are only successful in 
16-21% of cases when strictures are detected 
later.133-134 Because strictures probably indicate 
regions of compromised vascularity, we usually rec- 
ommend open repair incorporating healthy tissues. 
Following the example of adult stricture repair, it may 
be preferable to open the diseased area longitudinally 
to healthy margins and then incise dorsally through 
the entire stricture, filling the defect with buccal graft. 
Extensive stricture of the neourethra should prompt 
consideration for reoperative urethroplasty. 


Diverticulum 


Diverticulum presents with visible ballooning during 
voiding and postvoid dribbling. Etiologies include 
distal obstruction, turbulent flow, and creation of too 
large a neourethra. Genital skin is elastic to allow erec- 
tion, and so may balloon proximally from fixed resis- 
tance of the non-distensible glanular urethra without 
anatomic obstruction. Accordingly, Greenfield et al!#5 
reported a 21% incidence following staged preputial 
repairs, whereas in a personal series of six patients 
undergoing staged Byars flap-glanular TIP urethro- 
plasty, diverticulum developed in four cases despite 
care to avoid making skin flaps wider than 12 mm. A 
significantly decreased incidence of diverticulum was 
reported by Weiner et al! after onlays rather than 
tubularized preputial flaps, probably reflecting the use 
of less genital skin. To our knowledge, diverticula 
have not been reported after buccal graft urethro- 
plasty, which probably reflects the difference in elas- 
ticity of this tissue compared with genital skin. 

After excluding distal obstruction, correction 
involves excision of redundant tissue to restore a 
normal urethral caliber. Recurrent diverticulum is 
uncommon. 


Dehiscence 


Partial or complete dehiscence of the glans has prob- 
ably been under-reported, or characterized as meatal 
regression. This wound separation could result from 


infection, poor vascularity, and/or tension on the 
repair. In addition, one of us (WTS, unpublished 
data) has noted that choice of suture material and clo- 
sure technique for glanuloplasty was related to the 
incidence of this complication. Among the initial 131 
patients undergoing TIP repair, 7-0 chromic mattress 
sutures were used to approximate glans wings, with a 
subsequent 5% partial or complete separation. When 
subepithelial 6-0 polyglactin was substituted in the 
next 156 cases, the rate of glans dehiscence decreased 
to 2.5%. Furthermore, since the glanuloplasty tech- 
nique was changed so that the ventral lip of the 
meatus was sutured first and not sewn to the underly- 
ing neourethra, there has been no dehiscence in a sub- 
sequent 75 distal cases. 


Recurrent penile curvature 


There are very limited data regarding long-term 
results of currently used techniques for correcting 
penile curvature. The most important question is 
whether the straightening achieved in childhood is 
maintained during puberty, and to date no reports 
document such outcomes for dorsal plication or the 
various forms of ventral corporeal grafting. 

Baskin and Duckett performed dorsal plication in 
182 boys, most during the first year of life, using 
transverse incisions into the tunica albuginea lateral to 
the neurovascular bundles. Curvature was diagnosed 
by artificial erection after shaft skin degloving, and 
straightening then confirmed after plication by repeat 
injection. With mean follow-up of 2.7 years, 4% of 
the boys had recurrent curvature. Only one patient 
was deemed to have sufficient bending to warrant 
repeat surgery, and failure in this case was attributed 
to plication without incision into the tunica albug- 
inea.!9° Nevertheless, Baskin subsequently abandoned 
this technique for midline plication without tunic 
incision to minimize potential iatrogenic injury to the 
sensory nerve complex.”8 In one series!48 of boys 
undergoing midline plication using one-two stitches 
of 4—0 or 5-0 polypropylene, 97% of boys with cur- 
vature <45° had a straight penis with a median 
follow-up of 16 months. There were four patients 
with >45° bending, of which two had persistently 
severe curvature, leading the authors to recommend 
other techniques for straightening be used for this 
extent of curvature. 

A survey of pediatric urologists in the United States 
reported increased reliance on division of the urethral 
plate and ventral corporeal grafting for curvature 
>40°.!38 Dermal grafts have most commonly been 
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used to repair the defect created by incising the tunica 
albuginea of the corpora cavernosa, with straighten- 
ing achieved in >90% of patients.7”°° Tunica vagi- 
nalis grafts were also reported successful for penile 
straightening,®!.8 although Caesar and Caldamone’® 
noted recurrent curvature in 60% of patients after 
tunica vaginalis grafting while no patient had bending 
following dermal repair. Two studies report the use of 
single-layered small intestinal submucosa (SIS) for 
corporeal grafting in a total of 24 patients, with 
straightening confirmed in each by repeat erection 
during second-stage urethroplasty.°*84 However, 
recurrent curvature from graft contracture occurred in 
two of 12 boys repaired with four-layer SIS.1%? 
Contracture of the neourethra can also result in 
ventral curvature. As mentioned above, this compli- 
cation occurred in one patient following tubulariza- 
tion of an ‘unhealthy’ incised urethral plate. 
Vandersteen and Husmann!4° reported similar con- 
tracture of prior tubed graft urethroplasty resulting in 
curvature in a small series of men evaluated after 
puberty. Penile tethering in this circumstance requires 
transection of the neourethra for straightening. 


Shaft skin complications 


Suture tracks result from epithelialization around 
suture material before its dissolution. Given the small 
diameter of sutures currently used for skin closure in 
hypospadias surgery, it may take as long as 1 year fol- 
lowing repair for keratin to fill the sinus and thereby 
become visually apparent. Consequently, the inci- 
dence of this minor complication is unknown and 
most probably underestimated, but it was reported in 
43% of a small series of boys and prompted a recom- 
mendation that subepithelial stitches be used.!!5 Cor- 
rection involves unroofing the skin tunnel using sharp 
pointed scissors. 

Secondary phimosis or wound dehiscence can occur 
after foreskin reconstruction. Most series have noted 
few such complications,!!?-!!* although one European 
center reported 14% dehiscence and increased fistula 
development.!*! We advise parents not to manipulate 
the foreskin postoperatively until the surgeon first ascer- 
tains sufficient wound healing has occurred 6-12 weeks 
later to minimize concerns for iatrogenic disruption of 
the suture line. Although secondary phimosis rarely 
occurs, when suspected, application of 0.05% 
betamethasone twice daily to the tip of the prepuce may 
be advised to ensure it can subsequently be retracted. 

Secondary phimosis can also occur following cir- 
cumcision, usually from a combination of shaft skin 


swelling and peripenile fat tending to elevate the skin. 
Steroid creams may resolve the issue, or reoperative 
circumcision is needed. Sutures tacking skin to the 
penile shaft dorsally and ventrally may help prevent 
this complication if there is concern that excess pre- 
pubic fat will push the penile shaft skin over the glans. 
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Introduction 


Anomalies of the genitalia are common and as a 
group constitute the most frequent cause of birth 
defects in males. However, other than cryptorchidism 
and hypospadias, the majority of congenital malfor- 
mations of the testis and scrotum are extremely rare 
and are often associated with anomalies of other 
organ systems. Fortunately, most of these anomalies 
are identified at birth and some are occasionally 
detected in utero.! Many other developmental abnor- 
malities affecting the genitalia, such as patency of the 
processus vaginalis (hernia and/or hydrocele), varico- 
cele, and the bell clapper deformity of testicular sus- 
pension, may not be apparent for many years but have 
the potential for significant long-term morbidity. For 
most genital defects the etiology remains unknown. 
Congenital and acquired pediatric abnormalities of 
male genitalia, excluding intersex disorders, hypospa- 
dias, and cryptorchidism, are reviewed here. 


Normal development of the penis and 
scrotum 


The external genitalia, including the genital tubercle 
and labioscrotal swellings, are indistinguishable in the 
male and female before the 9th week of human gesta- 
tion.” Subsequent development in males proceeds in a 
proximal to distal fashion. The urethral groove deep- 
ens and the urethral folds become distinct and then 
fuse in the midline. Recent work suggests that cre- 
ation of the glanular urethra also occurs by fusion of 
the urethral plate, via the 
epithelial-mesenchymal interaction, and not by the 
previously suggested ingrowth of surface glanular 
epithelium.”~> The paired labioscrotal swellings attain 


mechanism of 


a more ventral position, either by actual migration or 
by relative change in position due to lengthening, and 
are anterior to the genital tubercle by 11 weeks of ges- 
tation. Fusion of the urethra up to the coronal sulcus 
is complete by 12 weeks. Developmental penile cur- 
vature is lost and scrotal positioning complete by 13 
weeks. Fusion of the urethral folds within the glans 
proceeds as described for urethral closure in the shaft, 
and is accompanied by distal growth of the prepuce. 
By 24 weeks, the meatus is at the glans tip and the 
prepuce completely covers the glans, to which it is 


largely adherent. 


Penile abnormalities 


Prepuce 


Normal development 


At birth, the normal prepuce is usually unretractable 
because of physiologic adherence between the glans 
and inner preputial skin and/or tightness of the 
preputial ring. Ease of retractability of the prepuce 
increases with age, with complete retraction possible 
in at least two-thirds of 11—15-year-old and 95% of 
16-17-year-old uncircumcised males. Therefore, 
true phimosis is present in childhood only in cases of 
secondary fibrosis or balanitis xerotica obliterans of 
the prepuce, which occur in 0.8-1.5% of uncircum- 
cised boys.” 


Circumcision 


The prevalence of routine neonatal circumcision in 
the USA has dropped from close to 90% in the mid- 
1960s to an estimated 64% in 1995.1011 Epidemio- 
logic data indicate that there are marked differences in 
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circumcision rates based on socioeconomic class, eth- 
nicity, and religious affiliation. The most recent 
American Academy of Pediatrics (AAP) Task Force 
on Circumcision report (1999) supports a growing 
trend away from neonatal circumcision. However, the 
degree of controversy surrounding this issue is made 
clear by the shifts in AAP policy over the last 25 years. 
In the most recent report, the AAP Task Force 
acknowledges potential medical benefits to neonatal 
circumcision but concludes that these do not warrant 
its routine use. Benefits include reduction in the risk 
of urinary tract infection (UTI) in infant males and 
development of penile cancer as an adult. For exam- 
ple, uncircumcised infant boys are three to ten times 
more likely to develop a UTI than circumcised male 
infants, probably because of an increased rate of peri- 
urethral and inner preputial bacterial colonization.!! 
Similarly, penile cancer occurs almost exclusively in 
uncircumcised males. However, penile hygiene, 
including foreskin retraction with periodic cleansing, 
may also be preventive. Nevertheless, both of these 
conditions are rare and their prevention by routine 
circumcision may not be justified. The argument that 
the risk of sexually transmitted disease is reduced by 
circumcision is not supported by available data.!9-!? 

Similarly, the risk of penile problems of sufficient 
severity to require circumcision is low.”?:!! Balanitis 
and balanoposthitis, characterized by erythema, 
edema, and purulent preputial discharge involving the 
glans and/or prepuce, occur in 3-10% of uncircum- 
cised boys. Paraphimosis, or retraction of a tight 
preputial ring with consequent severe glanular edema, 
is rare. Circumcision may be necessary only when 
these problems are severe or recurrent. However, 
even in these boys the use of topical steroids can sig- 
nificantly reduce the need for circumcision.!* Since 
circumcision in older boys requires general anesthesia 
and may be associated with morbidity,4 it should not 
be performed without discussing the option of med- 
ical therapy. 

Newborn circumcision is performed with the 
Mogen or Gomco clamp or the Plastibell device.1® 
Contraindications include hypospadias, chordee, 
penoscrotal fusion, buried penis, micropenis, and 
bleeding disorders. Complete separation of the pre- 
puce from the glans with circumferential visualization 
of the corona is essential for adequate and safe new- 
born circumcision. Since significant physiologic 
response to pain has been documented in neonates 
undergoing circumcision, local anesthetic should be 
used.!! Choice of anesthetic technique depends on the 
skills and experience of the surgeon, although penile 


ring block may be the easiest and most effective alter- 
native.!© Older infants and children are circumcised 
under general anesthesia using a freehand sleeve resec- 
tion technique. 


Complications of circumcision 


The risk of complications after circumcision is 
0.2-5%.15 Bleeding is most common, occurring in 
0.1% and more often in older boys, but is usually self- 
limited. Infection typically responds to local care but 
in rare cases may be associated with sepsis, necrotiz- 
ing fasciitis, or death. Other complications of varying 
severity may occur, some of which may require fur- 
ther surgical intervention. Partial denudation of the 
penile shaft due to removal of an excess amount of 
skin will heal uneventfully with local wound care 
alone. Further intervention is required only to correct 
secondary chordee or phimosis. Conversely, excess or 
‘redundant’ preputial skin remaining after circumci- 
sion is often a source of concern for parents but sur- 
gical intervention is rarely required. Resolution of 
physiologic adherence between the remaining skin 
and the glans will occur spontaneously after puberty, 
as in uncircumcised boys. Contracture of the healing 
edges of skin over the glans may produce secondary 
phimosis, also known as a trapped penis (Figure 
72.1a). Correction requires excision of scar and in 
some cases penile skin flaps or Z-plasty for closure. 
Skin bridges (Figure 72.1b) between the shaft and 
glans may cause chordee and should be sharply 
incised. Inclusion cysts (Figure 72.1c), comprising 
retained subcutaneous epithelium, should be com- 
pletely excised. More severe injuries include glans 
amputation (Figure 72.1d), which can often be 
repaired acutely with success. However, subsequent 
meatal stenosis may require delayed urethroplasty.!7 
Total penile necrosis (Figure 72.le) is a rare but dev- 
astating complication of circumcision that is usually 
the result of using an electrocautery in combination 
with a metal clamp, such as a Gomco. The use of elec- 
trocautery for circumcision is safe as long as it is not 
used in combination with a metal clamp.!® Some 
investigators have recommended gender reassign- 
ment!? for children with penile necrosis. However, 
male gender identity may be a consequence of testos- 
terone imprinting, suggesting that gender conversion 
might be unsuccessful.?° 

Meatal stenosis occurs almost exclusively in circum- 
cised boys. The proposed etiologies include frenular 
devascularization or chronic meatitis from exposure 
of the unprotected meatus to diaper irritation.?!? 
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Figure 72.1 Complications of neonatal circumcision: (a) 
secondary phimosis; (b) skin bridge between glans and 
penile skin; (c) penile cyst; (d) glans amputation; (e) 
penile necrosis. 
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Figure 72.2 Upwardly deflected urinary stream in a boy 
with significant meatal web. 


The incidence of symptomatic meatal stenosis after 
neonatal circumcision appears to be <10%, based on 
limited available data.?!?3 Non-specific symptoms 
such as urethral bleeding, dysuria, or other voiding 
complaints may be present, but the pathognomonic 
finding is upward deflection of the urinary stream as a 
consequence of an acquired ventral web (Figure 
72.2).*4 Urinary tract imaging is unlikely to disclose 
significant pathology in the absence of incontinence 
or UTI. Meatoplasty or meatotomy can be performed 
under a brief general anesthetic or in the office after a 
generous application of EMLA cream? (see Chapter 
10). 


Defects of number or position 
Penile agenesis 


Penile agenesis, or aphallia, is complete absence of the 
penis in an otherwise normal phenotypic and geno- 
typic male (Figure 72.3).?°?7 Rudimentary erectile 
tissue is occasionally present. The estimated incidence 
is 1 in 10-30 million and the presumed etiology is 
absence or failed development of the genital tubercle. 
The majority (54%) of patients have other genitouri- 
nary anomalies (e.g. cryptorchidism, renal and/or 
ureteral malformations) with or without gastroin- 
testinal, musculoskeletal, and cardiovascular anom- 
alies. Skoog and Belman?’ classified patients based on 
the relationship of the urethral meatus to the anal 
sphincter, noting increased additional anomalies and 
mortality with more proximal location of the meatus. 
The three variations that they described, in decreasing 
order of frequency, are postsphincteric with anterior 
perianal urethra, presphincteric with urethrorectal fis- 
tula, and urethral atresia with vesicorectal fistula. 
Treatment for these patients is controversial. Surgical 


Figure 72.3 Aphallia in a patient with a perianal urethral 
opening identified by sound. 


intervention during infancy, including urethral trans- 
position and bowel vaginoplasty via a posterior sagit- 
tal approach plus orchiectomy and scrotoplasty, has 
been advocated.”8? However, gender reassignment 
in other contexts and detailed psychosexual data may 
not support this recommendation.?°2730-5 In addi- 
tion, since phallic reconstruction is feasible, if imper- 
fect, in prepubertal boys, maintenance of male 
gender should be considered an option in discussions 
with the patient’s family (see Chapter 68). 


Diphallia 


Penile duplication or diphallia occurs in an estimated 
1 in 5-6 million births.*7-*? The proposed etiology is 
branching or splitting of the genital tubercle soon after 
the 5th week of gestation. A balanced genetic translo- 
cation involving chromosomes |] and 14 has been 
reported in one case.#? Variants include partial and 
complete forms of true diphallia and bifid phallus. In 
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the bifid variant, which is more common, the penis is 
branched at any point along its length, with each shaft 
containing a single corpus cavernosum. The designa- 
tion of true diphallia is reserved for cases in which an 
accessory tricorporal penis (both cavernosa and spon- 
giosum present), which may be hypoplastic, is present. 
The accessory organ may be located in the perineum 
or upper thigh. Ultrasound may be useful to charac- 
terize corporeal anatomy.*” Associated malformations 
are usually present and may include urethral duplica- 
tion or agenesis, bladder duplication or exstrophy, 
hypospadias, epispadias, widened symphysis, crypt- 
orchidism, and/or anorectal, renal, or scrotal anom- 
alies. Also, cardiac and musculoskeletal anomalies have 
been reported.*! Surgical repair involves excision of 
one completely duplicated penis or fusion of the bifid 
penes with urethral reconstruction. 


Abnormal development 
Penile torsion 


Rotational deformity of the penis, usually in a coun- 
terclockwise direction, is most often associated with 
hypospadias and chordee but may occur as an isolated 
abnormality.4 The incidence in a cohort of normal 
newborn males was 1.5%, with curvature of at least 
90° seen in 0.7%.* Deviation of the median raphe 
without torsion was noted in 10% of newborns. 
Although a functional abnormality is absent if the 
penis is straight, penile torsion can be corrected in 
most cases by penile skin degloving and realignment. 
For the more severe cases this may be ineffective and 
other procedures, such as a dorsal dartos flap rotation, 
may be utilized.# 


Penoscrotal fusion 


Foreshortening of an otherwise normal ventral penile 
shaft occurs when the ventral penoscrotal junction is 
located distal to its normal position (Figure 
72.4).4546 This abnormality is called penoscrotal 
fusion or webbed penis, and may be congenital, due 
to removal of excess ventral skin during circumcision, 
or associated with hypospadias. Large, bilateral 
hydroceles in infancy may cause apparent penoscrotal 
fusion, which disappears with resolution of the 
hydrocele.# Lengthening of the ventral shaft is most 
simply accomplished by preputial unfurling with or 
without ventral transfer of dorsal preputial skin. If the 
foreskin is not tight, use of the inner preputial skin for 
ventral shaft coverage during circumcision may be all 
that is necessary to correct the defect. 


Figure 72.4 Penoscrotal fusion. 


Concealed penis 


An otherwise normal penis that appears to be small is 
called a concealed, buried, or inconspicuous penis 
(Figure 72.5).47 Measurements of stretched penile 
length and penile diameter are normal. Etiologic fac- 
tors include a prominent prepubic fat pad, generalized 
obesity, and/or poor fixation of the subcutaneous 
tissue of the penis to Buck’s fascia. Most commonly 
the patient is asymptomatic and spontaneous resolu- 
tion can be anticipated with change in body habitus at 
puberty.484? The extent of psychological distress in 
the untreated patient is unclear and when surgical 
intervention is elected results are poorly documented. 
Cromie et alf?” reported prolonged (median 5 years) 
follow-up, with durable improvement in most cases 
using a preputial unfurling and degloving procedure 
similar to techniques used to correct penoscrotal 


Figure 72.5 Concealed penis in an obese prepubertal 
boy with normal stretched penile length. 
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fusion. The use of more complex procedures, such as 
prepubic liposuction or lipectomy, and closure with 
Z-plasties or skin flaps not only is rarely indicated but 
also may cause unnecessary scarring. However, Casale 
et alë? reported follow-up from the parents of the 
patients perspective, at a minimum of 3 years, after 
the above-mentioned complex surgeries. The parents 
of infants and toddlers almost uniformly thought that 
surgical intervention alleviated negative concerns, 
addressed hygiene issues, and enhanced the appear- 
ance of the penis. Surgery was less successful in the 
adolescent population. Others reported early failure 
in as many as 35% of cases and long-term results are 
unknown.4851,52 


Micropenis 


A penis that measures more than 2 or 2.5 standard 
deviations below the mean in stretched length for age 
but is otherwise normally formed is called a micrope- 
nis.5354 In newborns, a stretched length of <2.0 cm 
is considered abnormal. Normal development of the 
urethra and prepuce implies normal first trimester 
development, with impaired penile growth occurring 
in the second and third trimesters. Cryptorchidism 
may also be present. The most common etiology is 
gonadotropin deficiency with or without panhypopi- 
tuitarism.°* Other endocrine causes include growth 
hormone deficiency, testicular dysgenesis or regres- 
sion and, rarely, 50-reductase deficiency" or partial 
androgen insensitivity.°° Micropenis may be present 
in gonadal determination disorders, such as Klinefel- 
ters syndrome and XX sex reversal, and in 
Prader-Willi syndrome, Laurence-Moon-Bied| syn- 
drome, Robinow’s syndrome, and other rare syn- 
dromes, or it may be idiopathic.5*>4 

Evaluation of patients generally includes karyotype, 
determination of serum glucose, electrolytes, cortisol, 
and growth hormone levels, as well as thyroid func- 
tion tests and pituitary imaging, as indicated.5*>+ Tes- 
ticular function can be determined by measuring 
serum luteinizing hormone (LH), follicle-stimulating 
hormone (FSH), and testosterone before and after 
human chorionic gonadotropin (hCG) stimulation. 
The dose of hCG is 500-1500 international units 
(approx. 3000 IU/m?) every other day for 5-7 days 
with serum testosterone measurements before and 
24-48 hours after the last dose. Newborns can be 
evaluated for the normal spontaneous surge in serum 
gonadotropins and testosterone within the first few 
weeks of life; absence suggests a central (pituitary or 


hypothalamic) defect. 


After diagnostic studies are complete, androgen 
stimulation therapy using intramuscular depot testos- 
terone, 25 mg every 3—4 weeks for several months in 
infants, has been recommended to assess penile growth 
potential.54°7 Unfortunately, response to testosterone 
does not always correlate with adequate penile size in 
adulthood, and may vary with the etiology of micrope- 
nis.57°8 In this regard, patients with palpable testes? 
and significant response to gonadotropin-releasing hor- 
mone (GnRH) and hCG stimulation tests°? appear 
more likely to have adequate long-term penile growth, 
although some do not.58 Limited data suggest that 
treatment with dihydrotestosterone cream may be an 
effective alternative to parenteral testosterone, particu- 
larly in peripubertal males and in some patients who 
have failed testosterone therapy.°! In patients with iso- 
lated growth hormone deficiency, growth hormone 
replacement appears to be sufficient for adequate penile 
growth.© Concerns that early androgen therapy might 
itself limit long-term penile growth potential are not 
supported by observations of males with early andro- 
gen excess syndromes.® 

Until recently, routine gender reassignment was rec- 
ommended for patients who show no penile growth 
response to testosterone.°*°+ However, the advisabil- 
ity of routine gender reassignment in genetic males 
with functioning testes has been questioned in other 
contexts,?".32-35 and the long-term results of reassign- 
ment for micropenis are not known. Adequate sexual 
functioning and clear male gender identity in adult- 
hood have been reported in some patients raised as 
males with persistent small penile size in adulthood, 
but not in others.5® Additional long-term follow-up 
data are critically needed to facilitate clinical decision 
making in these patients. Therefore, gender reassign- 
ment should be performed with caution and should be 
accompanied by expert ongoing patient and family 
counseling, including a discussion of the risks and 
benefits of penile reconstruction (see Chapter 71). 


Priapism 


Priapism is defined as a prolonged, frequently painful 
penile erection not sustained by sexual activity. The 
most common pediatric cause is homozygous sickle 
cell (SS) disease, but other possible etiologies include 
other hemoglobinopathies, leukemia, local malig- 
nancy, viral infections, pelvic infections or appendici- 
tis, trauma, diabetes, amyloidosis, and Fabry’s 
disease.6566 Low-flow priapism (ischemic) is usually 
present in affected boys with sickle cell disease, 
whereas a high-flow state (non-ischemic) is typically 
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present in trauma-induced priapism, but may rarely 
also be present in sicklers.6768 The incidence of pri- 
apism in males with sickle cell disease is 2-35%.6%-75 
Stuttering episodes usually lasting less than 24 hours 
are common in both pediatric and adult patients. Ini- 
tial episodes may occur in early childhood. 

Priapism can be characterized by the site and degree 
of blood flow or stasis in the erectile tissues. Tumes- 
cence is usually limited to the corpora cavernosa but in 
some cases may also involve the corpus spongiosum, a 
situation termed tricorporeal priapism.” Spongiosal 
involvement, described in postpubertal individuals, is 
characterized by a firm, tender, engorged glans. Void- 
ing difficulty may occur in some patients. Studies used 
to characterize degree of blood flow include analysis of 
aspirated penile blood, technetium 99m (??™Tc) penile 
flow studies, and color Doppler ultrasonography. 
Low-flow priapism is characterized by acidosis, hyper- 
carbia, and hypoxemia on penile blood gas analysis. 
The usefulness and reliability of penile nuclear scans 
and Doppler studies in children remain unclear. Miller 
et al’? reported that nuclear scans did not predict out- 
come in a series of pediatric patients with sickle cell- 
associated priapism. 

In the past, the initial treatment of patients with pri- 
apism due to sickle cell disease was hydration, analge- 
sia, and transfusion to achieve a target hemoglobin S 
concentration of 30% or less.6?70:73:76 However, in 
2003 the Erectile Dysfunction Guideline Update 
Panel on the management of priapism7” 
mended that intracavernosal treatment should be 
administered concurrently with the above treatment if 
the priapism lasts longer than 4 hours. Intracavernosal 
therapy includes aspiration with irrigation and/or 
intracavernosal injection of a sympathomimetic drug. 
Prepubertal boys appear to respond more commonly 
to medical therapy than older patients.” Exchange 
transfusion has been associated with acute neurologic 
events characterized by reversible or irreversible cere- 
bral ischemia, termed the ASPEN syndrome (associa- 
tion of sickle cell disease, priapism, exchange 
transfusion, and neurologic events).78 Morbidity from 
this complication may be reduced by gradual or partial 
exchange transfusion, recognition of prodromal 
headache, and close monitoring. 

With a total lack of response to medical and intra- 
cavernosal therapies, the next step should be surgical 
69,73,75,77,79,80 The older view that surgi- 
cal intervention in prepubertal patients with sickle cell 
priapism is unnecessary, if not contraindicated,”° 
appears unjustified based on documented erectile dys- 
function in boys following prolonged episodes of pri- 


recom- 


intervention. 


apism.’?8! For low-flow priapism, distal shunts (e.g. 
Winter, Ebbehoj and Al-Ghorab procedures) should 
be attempted prior to proximal shunts (e.g. Quackels 
and Grayhack procedures), because the distal shunts 
have fewer complications and are easier to per- 
form.’78° These usually produce detumescence. 
Available long-term follow-up data suggest that 
potency is more commonly preserved in prepubertal 
patients, after episodes of shorter duration, and when 
successful intervention occurs early. 7:82,83 

For the patient with high-flow priapism, diagnosed 
by history, corporeal aspiration, and blood gas analysis, 
the Erectile Dysfunction Guideline Update Panel on 
the management of priapism’” recommends observa- 
tion, along with ice packs and site-specific compression, 
as the initial management. High-flow priapism is not 
associated with ischemia and will often resolve without 
treatment. Selective arterial embolization of the rup- 
tured artery is the next step if observation fails or treat- 
ment is requested by the patient and/or family.77-80 

A variety of other treatments have been suggested 
for patients with sickle cell disease and priapism; 
however, data are anecdotal or limited. a-Adrenergic 
agents such as etilefrine’+°5 have been given orally or 
intracavernosally with some success. Detumescence 
with hydroxyurea has been reported®® but not con- 
firmed in a large series. Other options include treat- 
ment with sildenafil,” GnRH analogues, or 
antiandrogens,8? but the latter two are not recom- 
mended in patients who have not achieved full sexual 
maturation and adult stature. 77 

Persistent, apparently painless penile erection has 
also been observed in newborns.®? This condition 
resolves spontaneously in 2—6 days with no adverse 
sequelae. Associated, possibly contributing factors 
include polycythemia and birth trauma, although 
many reported cases are idiopathic. 


Scrotal abnormalities 


Two main types of scrotal pathology occur in the 
pediatric population: the commonly observed acute 
swelling of a normal scrotum (discussed under 
Inguinoscrotal disease) and the rare abnormalities of 
scrotal development. 


Defects of number or position 
Scrotal agenesis 


Complete absence of the scrotum is an extremely rare 
anomaly, with only three reported cases in the 
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modern literature.?!-°* The penis was normal in all 
the cases, the perineum was smooth with a median 
raphe present, and both testes were superior to the 
expected scrotal site. Successful repair using preputial 
skin was performed. 


Accessory scrotum 


Ectopic scrotal tissue in addition to a normally devel- 
oped scrotum is designated accessory scrotum or, in 
females, accessory labioscrotal fold. This anomaly is 
very rare, with 25 cases identified in the literature.?49° 
The accessory tissue is located on the perineum in the 
majority of cases and associated with a perineal 
lipoma and no other genitourinary anomalies. A case 
of isolated penile accessory scrotum has also been 
reported.” In the absence of a perineal lipoma, acces- 
sory perineal scrota are usually associated with other 
anomalies, including hypospadias, diphallia, defects 
of scrotal position, anorectal anomalies, and the 
VACTERL (vertebral, anal, cardiac, tracheo- 
esophageal, renal, and limb anomalies) association.°” 
Sule et alt hypothesize that, when present, the 
lipoma disrupts the continuity of the developing 
labioscrotal fold and the etiology in other cases is gen- 
eralized perineal maldevelopment. 


Ectopic scrotum 


Ectopic positioning of the scrotum is usually unilat- 
eral, with the ectopic tissue usually suprainguinal but 
in some cases infrainguinal (femoral) or on the 
thigh.?8-100 The ipsilateral testis is usually present 
within the ectopic hemiscrotum, although associated 
cryptorchidism has been reported. Ipsilateral renal 
and ureteral anomalies are common, so patients 
should be evaluated for upper tract anomalies. Asso- 
ciated skeletal defects, penile torsion or chordee, 
hypospadias, and cleft palate have also been reported. 
Chowdhary et al!®! reported a case associated with a 
patent urachus. The etiology is uncertain, but may be 
related to a gubernacular defect failure of migration of 
the labioscrotal fold, or fetal deformation secondary 
to limb compression (foot). Treatment is generally 
simply achieved by flap scrotoplasty and orchidopexy. 


Bifid scrotum 


Incomplete fusion of the labioscrotal folds may pro- 
duce a partial or complete separation of otherwise 
normally positioned hemiscrota in patients with 
severe hypospadias or chordee. The defect may be 
corrected by excision of the abnormal tissue and cre- 


ation of a new scrotal raphe with reapproximation of 
the hemiscrota in the midline. 


Penoscrotal transposition 


In cases of penoscrotal transposition, part or all of the 
scrotum is located superior to the penile shaft. The 
spectrum of findings ranges from a normal-sized 
penis with confluent scrotal tissue both anterior and 
posterior (shawl or doughnut scrotum) to complete 
transposition of a rudimentary penis to the perineum 
behind an intact scrotum, a phenotype similar to that 
of penile agenesis.!°? The posterior aspect of the scro- 
tum may be bifid and/or hypoplastic, and hypospadias 
and chordee are frequently present (Figure 72.6). 
However, multiple other anomalies of diverse organ 
systems have also been identified. These include renal, 
central nervous system, developmental, gastrointesti- 
nal, respiratory, limb, vertebral, cardiovascular, facial, 
and ocular anomalies. 1°? Three types of chromosomal 
defect have been identified: trisomies 8 and 18, and 
distal deletions of the long arm of chromosome 13.103 
Correction of the defect may be performed during or 
subsequent to hypospadias repair by mobilization of 
the anteriorly placed scrotal skin with ventral transpo- 
sition and closure, as described by Glenn and Ander- 
son! (see Chapter 71). In some cases ventral penile 
tethering may occur postoperatively and may be cor- 
rected by interposition of thigh-based neurovascular 
flaps.105 


Median raphe cysts 


Midline cysts may arise anywhere along the median 
raphe between the urethral meatus and anus.!0%-108 
Their origin is believed to be epithelial or endothelial 


Figure 72.6 Partial penoscrotal transposition and bifid 
scrotum in a patient with proximal hypospadias. 
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rests trapped in an aberrant subcutaneous location 
during developmental approximation of the urethral 
and genital folds. They may be large and elongated 
and appear translucent. Histologically, they are lined 
with cuboidal or squamous epithelium and contain 
sebaceous material. Rarely, the proximal portion of 
the cyst may traverse the urogenital diaphragm and 
extend into the pelvis. Magnetic resonance imaging 
(MRI) may be useful to define the extent of the lesion 
preoperatively if pelvic extension appears likely. 
Treatment is complete excision of the cysts with mid- 
line closure. 


Inguinoscrotal disease 


Varicocele 


Population studies have confirmed the observation 
that a varicocele first becomes clinically evident 
between the ages of 10 and 15 years! and once a 
varicocele is present it will normally persist for the 
remainder of that individual’s life.!!° The varicocele 
which has its origin in adolescence may be a major 
cause of infertility in adults. However, if one waits 
until adulthood to treat varicocele-induced infertility, 
success is unlikely for the majority of men.!1! Because 
of this experience, recent efforts have focused on iden- 
tifying teenagers with an asymptomatic varicocele in 
an attempt to identify individuals at risk, intervene 
earlier, and hopefully improve results. Although this 
approach seems reasonable, the problem for the 
clinician has been establishing uniform criteria for 
treatment. The observation that a varicocele occurs in 
15% of men adds to the difficulties in deciding when 
treatment is indicated. Do we treat all men with a 
varicocele or just selected ones? 

The vast majority of teenagers with a varicocele are 
discovered during a routine school physical, are 
asymptomatic, and are unaware of the presence of the 
varicocele. As a consequence most of the teenagers 
identified with a varicocele have a grade II (mass or 
veins l-2 cm in diameter) or grade II (large mass or 
veins easily visible and >2 cm in diameter) varicocele. 
A child with a small varicocele (veins < 1 cm in diam- 
eter) can only be detected by a skilled examiner, and 
most will escape early detection. No investigators 
have reported using color Doppler ultrasound to 
detect a subclinical varicocele in a teenager and there- 
fore this entity appears to have no clinical significance 
in the teenage population at the current time. 

Since most teenagers with a varicocele are detected 
during a routine physical examination by a primary 


care physician, it is reasonable to assume that a 
teenager with a large varicocele is more likely to be 
diagnosed than one with a small varicocele. Dubin 
and Amelar!!? concluded that the size of a varicocele 
was not a significant fertility variable. However, 
Fariss et al!!3 demonstrated that in adult men found 
to have a varicocele on routine physical examination 
there was a greater chance of a man with a large varic- 
ocele having a sperm count <20 million/ml than a 
man with a small varicocele. Several other studies 
have reported that in men with a large varicocele 
there is greater impairment in semen parameters than 
in men with a small varicocele.!!4-1!© Steeno et al! 
noted that, with increasing varicocele size, there was 
progressively more volume loss of the testis ipsilateral 
to the varicocele. Other studies!!” have also demon- 
strated lower testicular volumes in men with a large 
varicocele than in those with a small one. This loss of 
testicular volume may be significant because the sem- 
iniferous tubules constitute >50% of the testicular 
mass, and in adult men total sperm count correlates 
with testicular volume.!!8-!!9 Therefore, it is reason- 
able to conclude that an individual with a large varic- 
ocele may be at greater risk for testicular injury than 
someone with a small varicocele.!2° 

The mechanism by which a varicocele induces tes- 
ticular injury is still unresolved, although many theo- 
ries have been proposed. Investigators have noted 
that a varicocele, both clinically and experimentally, 
results in an increase in scrotal and testicular temper- 
ature.!?! An increase in testicular temperature has 
been shown to be toxic to the testis in humans as well 
as other mammals with scrotal testes.1??-1?4 Aggar!?5 
reported that following varicocele correction there 
was a good correlation between the fall in left testicu- 
lar temperature and the improvement in spermatoge- 
nesis. Kass and Salisz/2¢ scrotal 
temperatures in adolescents with grade II and IM 
varicoceles and reported that there was a significant 
bilateral elevation in scrotal temperature when com- 
pared with control subjects without a varicocele. They 
also noted that the higher the left scrotal temperature 
the greater the volume loss of the left testis. Follow- 
ing successful varicocele correction, scrotal tempera- 
ture normalized. 


measured 


In an infertile adult male with a unilateral left varic- 
ocele, abnormal testicular histology can be demon- 
strated in both testes and involves all cell types, 
although the changes are typically more pronounced 
in the left testis (Figure 72.7).27-129 Similar 
histopathology has been demonstrated bilaterally in 
the adolescent with a unilateral varicocele, but the 
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Figure 72.7 Testicular histology in a patient with a 
varicocele showing Sertoli only tubules and severe 
maturation arrest. Only 25% of tubules were normal in 
this patient (x 250). 


abnormalities are less severe.!90:!3! It is important to 
note that, while the pathologic changes in the semi- 
niferous tubules, blood vessels, and Sertoli cells are 
present to varying degrees in infertile men with a 
varicocele, the relative severity of the abnormality in 
these cell types is not the key prognostic variable. 
Investigators have reported that it is the severity of 
the Leydig cell pathology that is most significant in 
determining the potential for reversibility of the varic- 
ocele-induced testicular injury.!*? Individuals with 
Leydig cell hyperplasia have a very poor prognosis, 
whereas those with Leydig cell atrophy have a better 
prognosis for fertility following varicocele correction. 
The prognosis for return of fertility is independent of 
the degree of tubular pathology and ultimately it is 
the degree of the pathologic changes in the 
Leydig—Sertoli cell interrelationship that ultimately 
decides whether surgery will be successful with regard 
to fertility.!3? Hadziselimovic et al!#4 reported that 
Leydig cell atrophy was the predominant pathologic 
finding on testicular biopsy in teenagers undergoing 
varicocele surgery (74%) when compared with adults 
in whom Leydig cell hyperplasia was more common, 
with atrophy being found in only 22%. These various 
histologic studies taken as a whole suggest that varic- 
ocele-induced histologic abnormalities occur in ado- 
lescents and are progressive. The pathology is 
potentially reversible early on but once Leydig cell 
hyperplasia is present surgical correction of the varic- 
ocele will be unlikely to have beneficial effects. 
Varicoceles also induce endocrinologic abnormali- 
ties that parallel the histopathology. Weiss et al!35 
measured the in-vitro synthesis of testosterone from 
testicular biopsy material and noted that there was a 


significant reduction in testosterone formation in 
90% of infertile men with a varicocele. In these same 
individuals peripheral levels of testosterone and LH 
were normal. Other investigators have also reported 
significant varicocele-induced Leydig cell dysfunction 
and noted that the abnormalities are progres- 
sive, 136-138 

An exaggerated gonadotropin response to the 
administration of GnRH has been demonstrated in 
infertile men with a varicocele and is thought to be 
the result of a primary testicular injury. The excessive 
release of LH following GnRH stimulation is an indi- 
cator of Leydig cell dysfunction and the exaggerated 
FSH response an indicator of an abnormality of the 
seminiferous tubules. Nagao et al!%? measured the 
response to GnRH stimulation and noted that semen 
and hormonal abnormalities can be observed in both 
fertile and infertile men with a varicocele, suggesting 
that there may be some degree of testicular dysfunc- 
tion in all men with a varicocele, regardless of their 
fertility status. They suggested that perhaps with 
increasing age the varicocele-induced testicular injury 
could become clinically evident in more men. Several 
investigators!40-!44 demonstrated that the excessive 
gonadotropin response to GnRH stimulation in 
infertile men was reversible after varicocele correction 
only in those individuals whose spermiograms also 
improved. Individuals who did not demonstrate an 
improved postoperative gonadotropin response pat- 
tern did not show any improvement in their 
spermiogram. 

The gonadotropin response to GnRH stimulation 
has been shown to be a useful diagnostic tool for eval- 
uating testicular function in teenagers.!45-!46 Kass et 
al!47 measured the gonadotropin response pattern to 
GnRH stimulation in adolescent males with a varico- 
cele and compared it with a group of normal 
teenagers without a varicocele. They noted that an 
abnormal gonadotropin response was present in 
almost one-third of teenagers with a varicocele, and 
that this test may be useful in identifying those varic- 
ocele patients with early evidence of testicular injury. 

Barwell!48 was the first to report volume loss of the 
testis ipsilateral to a varicocele in a teenager, and 
noted the testis ‘became harder and regained some of 
its dimensions’ following surgical correction. In adult 
men with infertility, both testes tend to be smaller 
than in aged-matched control groups without a varic- 
ocele. Kass and Belman!? performed varicocele liga- 
tion on adolescent males with grade -NI left-sided 
varicocele and volume loss of the left testis. Significant 
catch-up growth of the left testis was noted in 80% of 
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Figure 72.8 Left testicular volume loss in a patient with 
a left varicocele. 


patients. Subsequent studies have confirmed their 
findings and indicate that a varicocele can be respon- 
sible for testicular growth retardation, and early suc- 
cessful correction can reverse this process.15%153 In 
the majority of adolescents with a varicocele, testicu- 
lar volume loss is the most common indication of tes- 
ticular injury and therefore the most significant 
indication for intervention. Normal testicular size cor- 
relates with stage of sexual maturity. 154155 Testicular 
volume progressively increases from approximately 4 
to 25 ml during pubertal development, making it dif- 
ficult to calculate a normal testis volume in any indi- 
vidual before adulthood. Most investigators have used 
the right testis as the ‘normal control’. If the left testis 
is 3 ml or more smaller than the right, then significant 
testicular volume loss is considered to be present 
(Figure 72.8). Accurate testicular volume measure- 
ments are possible with a standard Prader orchiome- 
ter (Figure 72.9) and correlate well with volume 
measurement by ultrasonography; however, the 
degree of correlation is dependent on the investiga- 
tor’s clinical experience.!5° 

In adults with a varicocele, the assessment of a 
semen sample is a reasonable first step in the evalua- 
tion process since there are established normal para- 
meters. Unfortunately, in adolescents it is often 
difficult to obtain such samples, and even when avail- 
able, normal adult values for semen volume, sperma- 
tozoa concentration, and morphology are not 
achieved until 2-3 years after the onset of puberty.!57 
It is important to remember that a single normal 
semen analysis does not predict future normality, 
since the effect of a varicocele may increase with 
time.!?7 Although semen analysis is not practical in 
the adolescent population, at least one report has 
shown improvement in semen parameters after ado- 


Figure 72.9 Prader orchiometer. 


lescent varicocele repair.!°8 It is recommended that 
every adult with a palpable varicocele should have a 
semen analysis on an annual basis until the comple- 
tion of his family in order to ensure that abnormali- 
ties do not develop. 

Current data indicate that it is important to identify 
and evaluate all teenagers with a varicocele. Certainly 
no one can predict with absolute certainty whether 
any adolescent with a varicocele will be fertile or infer- 
tile; however, based on existing information it can be 
expected that many will develop a fertility problem 
that becomes progressive if left untreated.15%-161 Indi- 
viduals with volume loss of the testis ipsilateral to the 
varicocele appear to have a greater likelihood of 
having a normal semen analysis if treated as a teenager 
than if left untreated.!6?-!64 Similarly, individuals 
with large varicoceles may be at future risk for devel- 
oping testicular volume loss and abnormal semen 
parameters. Although there are concerns that an 
abnormal GnRH stimulation test may be associated 
with similar long-term risks,!©> that hypothesis is not 
generally accepted as an indicator for intervention 
when other parameters are normal. Similarly, it is 
unclear whether intervention in otherwise normal 
individuals with bilaterally palpable varicoceles or 
scrotal discomfort is reasonable, and should be con- 
sidered routine. Persistently abnormal semen parame- 
ters in older teenagers and adults are of significant 
concern and should be considered an indication for 
intervention. 

Multiple techniques have been proposed for correc- 
tion of a varicocele in a teenager. 166-167 Selective trans- 
venous embolization of the internal spermatic 
vein.168-171 is a complex, invasive procedure with a 
significant recurrence and non-occlusion rate. Laparo- 
scopic venous ligation!”?-!7° requires intubation and 
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bladder catheterization, and has the rare potential for 
significant intra-abdominal complications. Conven- 
tional inguinal!”7 and retroperitoneal approaches with 
attempted preservation of the testicular artery are 
simple and relatively complication-free procedures but 
have an unacceptably high risk for failure.!78 Current 
data suggest that the above techniques are not the best 
choice for varicocele correction in teenagers. The 
Palomo technique!”? with mass ligation of the internal 
spermatic vessels,!77178180-183 or the inguinal!*4 or 
subinguinal approach!*5 with microscopic liga- 
186-188 of all venous channels are the procedures 
with the highest success rate and fewest complications, 
and are the procedures of choice for varicocele correc- 
tion in teenagers. However, secondary hydrocele is 
common with mass ligation of the internal spermatic 
vessels and the potential risk for testicular atrophy, 
should vasectomy be carried out in the future, must be 
considered. However, preservation of a single lym- 
phatic vessel may prevent hydrocele. 


tion 


Acute scrotal disease 


Testicular torsion must be considered in any patient 
who complains of acute scrotal pain and swelling. 
Torsion of the testis is a surgical emergency because 
the likelihood of testicular salvage decreases as the 
duration of torsion increases. Conditions that may 
mimic testicular torsion, such as torsion of a testicular 
or epididymal appendage, epididymitis, trauma, 
hernia, hydrocele, varicocele, and Schénlein—Henoch 
purpura, generally do not require immediate surgical 
intervention. The cause of an acute scrotum can usu- 
ally be established based on a careful history, a thor- 
ough physical examination, and appropriate 
diagnostic tests. The onset, character, and severity of 
symptoms must be determined. The physical exami- 
nation includes inspection and palpation of the 
abdomen, testis, epididymis, scrotum, and inguinal 
region. Urinalysis should always be performed, but 
scrotal imaging is necessary only when the diagnosis 
remains unclear. 


History 


The history and physical examination can significantly 
narrow the differential diagnosis of an acute scrotum. 
Testicular torsion is most common in neonates and 
postpubertal boys, although it can occur in males of 
any age. Schonlein—Henoch purpura and torsion of a 
testicular appendage typically occur in prepubertal 
boys, whereas epididymitis most often develops in 
postpubertal boys. 


Testicular torsion usually begins abruptly in the 
early morning and the pain is often severe from the 
onset. Moderate pain developing gradually over sev- 
eral hours or days is more suggestive of epididymitis 
or appendiceal torsion. 

A history of scrotal trauma is common and does 
not exclude the diagnosis of testicular torsion. Minor 
scrotal trauma incurred during sports activities or 
rough, boisterous play typically causes severe pain of 
short duration. Pain that persists for more than 1 
hour after scrotal trauma is not normal and merits 
investigation to rule out testicular rupture or acute 
torsion. Pain that resolves promptly after scrotal 
trauma only to recur gradually a few days later sug- 
gests traumatic epididymitis. 

Many patients with testis torsion describe previous 
episodes of similar pain that lasted for only a short 
time and resolved spontaneously. Acute on-and-off 
pain associated with or without scrotal swelling sug- 
gests intermittent torsion with spontaneous detor- 
sion. Voiding dysfunction, congenital genitourinary 
anomalies, and urethral instrumentation can predis- 
pose patients to bacterial UTIs and secondary epi- 
didymitis. 


Physical examination 


A general abdominal examination should be per- 
formed, with particular attention given to flank ten- 
derness and bladder distention. The inguinal regions 
should be examined for obvious hernias and any 
swelling or erythema. The spermatic cord in the groin 
may be tender in a patient with epididymitis but typ- 
ically is not tender in a patient with acute testicular 
torsion. 

The scrotum should be assessed for discrepancies in 
size, degree of swelling, presence and location of ery- 
thema, thickening of the skin, and position of the 
testis. Unilateral swelling without skin changes sug- 
gests the presence of a hernia or hydrocele. A high- 
riding testis with an abnormal (transverse) lie may 
suggest torsion (Figure 72.10), but this diagnosis is 
unlikely if the pain has been present for over 12 hours 
and the scrotum has a normal appearance. In both 
epididymitis and testicular torsion, the affected 
hemiscrotum typically displays significant erythema 
and swelling after 24 hours. 

The cremasteric reflex should always be assessed. 
One study!8° found that the cremasteric reflex was 
intact in 100% of boys aged 30 months to 12 years 
but was not consistently normal in infants and 
teenagers. The cremasteric reflex is rarely intact in 
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Figure 72.10 High-riding, swollen left testis in a patient 
with acute spermatic cord torsion. 


patients with testicular torsion but is usually present 
in patients with torsion of a testicular or epididymal 
appendage. 1° 

In early torsion, the entire testis is swollen and 
tender, and is larger than the unaffected testis. Ten- 
derness limited to the upper pole suggests torsion of 
a testicular appendage, especially when a hard, tender 
nodule is palpable in this region. A small bluish dis- 
coloration representing the 
appendage, known as the ‘blue dot sign,’ may be vis- 
ible through the skin at the upper pole. This sign is 
virtually pathognomonic for appendiceal torsion 
when tenderness is also present. In early epididymitis, 
the epididymis exhibits tenderness and induration, 
but the testis itself is not tender. Swelling to the 
degree that the epididymis is no longer palpable can 
indicate testis torsion if the symptoms have been pre- 
sent for only a few hours. With both appendiceal tor- 
sion and epididymitis, loss of testicular landmarks 
occurs later in the clinical course. The testis may be 
elevated to elicit Prehn’s sign. Lack of pain relief (neg- 
ative sign) may contribute to the diagnosis of testicu- 
lar torsion. If torsion is suspected, manual detorsion 
can be attempted by rotating the testis away from the 
midline. 


necrotic torsed 


Diagnostic studies 


Urinalysis is performed to rule out UTI in any patient 
with an acute scrotum. Pyuria with or without bac- 
teruria suggests infection and is consistent with epi- 
didymitis. 

Historically, it was thought that no imaging studies 
were useful in confirming the cause of an acute scro- 
tum. Immediate surgical exploration was thus the 
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Figure 72.11 Early testicular torsion: nuclear testicular 
scan showing absence of tracer (arrow) in the left 
testis. 


standard approach when torsion was suspected. 
However, studies conducted in the past few years 
have shown that only 16-42% of boys with an acute 
scrotum have testicular torsion. 191-194 Therefore, rou- 
tine exploration of all children is not reasonable if 
tests are available to improve diagnostic accuracy. 
Initially, Doppler stethoscopes and conventional 
gray-scale ultrasonography were used to diagnose or 
exclude the presence of torsion, but these tests lack 
sensitivity and specificity.!°° Nuclear testicular flow 
studies are helpful, and when performed by experi- 
enced personnel can reliably identify children with 
torsion (Figure 72.11), epididymitis (Figure 72.12), 
and late torsion (Figure 72.13). However, since it is 
strictly a blood-flow study a testicular scan is not help- 
ful when a hydrocele or hematoma is present because 


Figure 72.12 Epididymitis: nuclear testicular scan 
showing flow in both testes and increased activity in 
the right hemiscrotum (arrow). 
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Figure 72.13 Late testicular torsion: nuclear testicular 
scan showing a ‘halo’ sign, or increased flow around 
the avascular left testis. 


these conditions may mimic the findings of torsion. 
In addition, it is of critical importance to localize the 
exact position of the testis; otherwise, no reliable test 
is possible. In addition, most centers do not have per- 
sonnel experienced in the performance or interpreta- 
tion of nuclear medicine scrotal scans. 

Color Doppler sonography has become the most 
popular diagnostic modality to evaluate a child with an 
acute scrotum because it is non-invasive and has a diag- 
nostic accuracy at least equal to that of nuclear scan- 
ning. It can semiquantitatively characterize blood flow, 
distinguish intratesticular and scrotal wall flow, and can 
also be used to assess other pathologic conditions 
involving the scrotum (Figures 72.14-72.16).19-19 
Proper technique is essential. When color Doppler 
examinations are not performed correctly, false-positive 
or false-negative studies may occur. Certain caveats are 
important to remember. It may not be possible to 
demonstrate a Doppler signal in the small testes of very 
young boys. Just seeing color dots does not mean that 
flow is present; one must see a wave form within the 
substance of the testis. Reduced flow in a painful testis 
relative to the normal testis may indicate torsion, and 
exploration is indicated. 


Spermatic cord torsion 


The suggested protocol for the evaluation of a child 
with an acute scrotum (Figure 72.17) states that 
when the history and physical examination strongly 


Figure 72.14 Testicular torsion: color Doppler ultra- 
sound showing lack of flow in the testis (T). 


suggest that testicular torsion is present and the dura- 
tion of the pain is less than 12 hours, urgent surgical 
intervention is indicated.!°? Imaging studies may 
delay treatment and thereby jeopardize testicular sur- 
vival. When pain has been present for more than 12 
hours or the diagnosis is unclear, color Doppler ultra- 
sound examination can be helpful in making clinical 


Figure 72.15 Orchitis: color Doppler ultrasound show- 
ing increased flow to the right testis. 
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Definite acute torsion 
Short duration symptoms 


History and physical examination 


Yy 
Emergency color Doppler US 
or isotope scan 
No blood flow 


Figure 72.16 Testicular trauma: (a) color Doppler ultra- 
sound showing discontinuity of testis and anechoic 
area at site of hematoma (asterisk); (b) intraoperative 
photograph showing disrupted testis with hematoma. 


Y 
Possible torsion 


Normal/increased flow 


Figure 72.17 Algorithm for evaluation and treatment of patients with acute scrotal pain. (US = ultrasonography.) 


decisions. It is important to remember that most 
patients with an acute scrotum do not have testicular 
torsion. 

The ‘bell clapper deformity is the underlying cause 
of testicular torsion in older children. In this defor- 
mity, the testicle lacks a normal attachment to the 
tunica vaginalis and therefore hangs freely. As a result, 
the spermatic cord can twist within the tunica vagi- 
nalis (intravaginal torsion). 

Surgery is performed to correct torsion in the affected 
testis and to anchor the other testis to prevent future 
torsion. Surgical exploration can usually be accom- 
plished through a single, small, midline incision in the 
scrotal raphe. Testes that are unequivocally necrotic 
should be removed. Viable testes should be fixed to the 
scrotal wall with multiple non-absorbable sutures. 


Testicular torsion can also occur perinatally before 
the entire testis complex has fused to the scrotum. In 
this type of torsion the testis, spermatic cord, and 
tunica vaginalis twist en bloc (extravaginal torsion) 
(Figure 72.18). Clinically, extravaginal torsion gener- 
ally appears as a hard asymptomatic intrascrotal 
swelling in the newborn. Erythema or a bluish discol- 
oration of the scrotum is also frequently seen and may 
be confused with a hydrocele. 

The management of perinatal torsion remains con- 
troversial. Some surgeons advocate a non-operative 
approach because of the poor potential for testicular 
salvage. Others argue that leaving a neonatal testis in 
place may have adverse effects on the contralateral testis 
and note that cases of bilateral neonatal torsion have 
been reported.?®® Also controversial is the question as 
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Figure 72.18 Extravaginal torsion (twisted cord - 
arrow). 


to whether or not the remaining solitary testis should 
be fixed in place, although risk of torsion of that testis 
is no greater than for the general (adult) population. 


Torsion of an appendix of the testis or 
epididymis 
The appendix testis, a miillerian duct remnant located 
at the superior pole of the testicle, is the most common 
appendage to undergo torsion (Figure 72.19). The 
epididymal appendix, located on the head of the epi- 
didymis, is a wolffian duct remnant and may also 
become twisted. Torsion of either appendage produces 
pain similar to that experienced with testicular torsion, 
but the onset is more gradual. The cremasteric reflex 
is not lost with torsion of an appendage. Color Doppler 
ultrasonography often demonstrates increased blood 
flow that may be indistinguishable from epididymitis. 
Occasionally a hypoechoic mass near the upper pole 
of the testis, the torsed appendage, may be visualized. 
Torsion of a testicular appendage may be misinter- 
preted as epididymitis. However, if the urinalysis is 
normal, no antibiotic therapy is required. Manage- 
ment entails symptomatic treatment to minimize 
inflammation and edema. Normal activity may both 
worsen and prolong the symptoms. Non-steroidal 
anti-inflammatory drugs (NSAIDs) may offer symp- 
tomatic relief to some patients. The inflammation 
usually resolves within 1 week, although the testicular 
examination may not be completely normal for sev- 
eral weeks, with induration in the region of the head 
of the epididymis persisting for that interval. 


Figure 72.19 Torsion of appendix testis (arrow). Note 
accompanying enlargement and hyperemia of the epi- 
didymis. 


Epididymitis or orchitis 


Epididymitis in adolescents and young adults is often 
unrelated to sexual activity and does not present with a 
UTI. In prepubertal boys, however, bacterial epi- 
didymitis is often associated with a urinary tract anom- 
aly.20! Any episode of epididymitis and UTI should be 
investigated with a renal/bladder sonogram and a void- 
ing cystourethrogram (VCUG) to rule out structural 
problems. The cause of epididymitis in the majority of 
young men can often not be determined, however. 

Treatment includes empiric antibiotic therapy until 
the results of a urine culture are known. If the culture 
is negative, the symptoms are most likely to be due to 
abacterial chemical epididymitis caused by the retro- 
grade reflux of urine into the vas deferens. Bedrest 
and scrotal elevation are often helpful. Symptoms 
may be alleviated with NSAIDs and analgesics. As 
with appendiceal torsion, the pain and swelling gen- 
erally resolve within 1 week. Resolution of epididy- 
mal induration may require several weeks. 


Scrotal trauma 


Severe testicular injury is uncommon and usually 
results from either a direct blow to the scrotum or a 
straddle injury. Damage generally occurs when the 
testis is forcefully compressed against the pubic 
bones. A spectrum of injuries may occur. Traumatic 
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epididymitis is a non-infectious inflammatory condi- 
tion that usually occurs within a few days after a blow 
to the testis.20? Treatment is similar to that of non- 
traumatic abacterial epididymitis. Scrotal trauma can 
also result in intratesticular hematoma, hematocele, or 
laceration of the tunica albuginea (testicular rupture). 
Color Doppler ultrasonography is the imaging tech- 
nique of choice (see Figure 72.16). Testicular rupture 
is a surgical emergency requiring debridement of 
devascularized tissue and closure of the tunica albug- 
inea. Isolated hematomas and hematoceles are man- 
aged on an individual basis. 

Lacerations of the scrotum itself are a fairly common 
occurrence in active boys, usually the consequence of bicy- 
cle accidents or getting caught on a fence. Most are super- 
ficial and do not involve the tunica vaginalis, requiring 
only minor suturing with sedation and local anesthesia. 
Deeper injuries may require a trip to the operating room. 


Other acute scrotal disease 


Acute idiopathic scrotal edema is another cause of an 
acute scrotum (Figure 72.20). This condition is char- 
acterized by the rapid onset of significant edema with- 
out tenderness. Erythema may be present. The patient 
is usually afebrile and all diagnostic tests are negative. 
The etiology of this condition remains unclear. Treat- 
ment consists of bedrest and scrotal elevation. Anal- 
gesics are rarely needed. 

Sch6nlein—Henoch purpura, a systemic vasculitic 
syndrome of uncertain etiology, is characterized by 
non-thrombocytopenic purpura, arthralgia, renal dis- 
ease, abdominal pain, gastrointestinal bleeding and, 
occasionally, scrotal pain and swelling.?°> The onset 
can be acute or insidious. Hematuria may be present. 
The syndrome has no specific treatment. 

The overriding need in the child with scrotal edema 
is to rule out testicular pathology. Color Doppler 
sonography may be helpful, but it may also be possi- 
ble to make this determination clinically. If the testes 
can be manipulated gently into the superficial inguinal 
pouches and palpated, their non-involvement in the 
inflammatory process may be proven and no further 
diagnostic studies need be carried out. 


Hernia and hydrocele 


Inguinal hernia and hydrocele in childhood is most com- 
monly due to patency of the processus vaginalis, an 
extension of peritoneum that forms in the first trimester 
in proximity to the gubernaculum of both sexes.?% In 
males, the processus vaginalis migrates distally through 
the inguinal canal with the masculinized gubernaculum, 


Figure 72.20 Idiopathic scrotal edema. 


facilitates descent of the testis, persists distally as the 
tunica vaginalis, and normally becomes obliterated prox- 
imally. In females, the processus vaginalis develops but 
does not enlarge substantially. In both sexes, failure of 
closure of the processus creates a potential site for clin- 
ical hernia formation, characterized by passage of fluid 
or intra-abdominal viscera into the persisting sac. 

The timing of closure of the processus vaginalis and 
its relationship to clinical hernia formation can be 
inferred from data obtained at autopsy, inguinal 
exploration, intraoperative laparoscopy, and studies 
of patients requiring ventriculoperitoneal shunts. 
These studies suggest that the processus is open in 
more than 80% of individuals at birth, and closure is 
most common in the first year of life but may occur 
much later. Patency persists in 15-30% of 
adults.70°.206 However, clinical hernias develop in 
fewer than 30% of newborns and 10% of 1 year olds 
after placement of a ventriculoperitoneal shunt.?°7 
Similarly, contralateral patency of the processus vagi- 
nalis has been reported to be as high as 40-50% of 
children with unilateral inguinal hernias.?°° However, 
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Figure 72.21 Possible findings in patients with hernia and/or hydrocele. Hatched black areas represent fluid and dark 
blue areas represent intra-abdominal contents: (a) normal findings; (b) scrotal hydrocele without hernia; (c) hydro- 
cele of the cord; (d) abdominoscrotal hydrocele; (e) communicating hydrocele; (f) inguinal hernia; (g) inguino- 


scrotal hernia; (h) inguinal hernia and scrotal hydrocele. 


only 7% of children who undergo unilateral hernia 
repair subsequently develop a clinical hernia on the 
opposite side.? Therefore, not all potential hernias 
manifest themselves clinically, even in the presence of 
increased intra-abdominal pressure. 

The incidence of pediatric hernia is 10-20 per 1000 
and is greater in premature infants (7%), in males 
(85% of total), and in the first 6 months of life (30% 
of total).?°6710 Clinical hernias are more frequent on 
the right side and are bilateral in approximately 10% 
of both male and female children. Incarceration 
occurs most frequently in the first year of life. Patients 
may present with an inguinal bulge and/or enlarged 
scrotum or labium, irritability, vomiting, and obsti- 
pation. In the absence of incarceration, a hernia may 
be diagnosed during the Valsalva maneuver (crying or 
blowing up a balloon) or by observation of inguinal 
asymmetry and palpable thickening of the spermatic 


cord distal to the external ring. These findings may be 
facilitated by examining the patient in the upright 
position. The spectrum of anatomic findings is shown 
in Figure 72.21. 

Surgical repair is indicated when the clinical history 
and physical findings suggest visceral involvement or 
when fluctuation in size is observed. Prompt repair is 
also advised in infancy to reduce the risk of incarcera- 
tion. If an incarcerated hernia requires reduction, sur- 
gical repair should be urgent, or emergent if 
peritoneal signs suggest that bowel strangulation is 
present. The question of contralateral inguinal explo- 
ration at the time of repair of the symptomatic hernia 
is controversial. Some surgeons base their decision on 
laparoscopic evaluation of the contralateral internal 
ring.?°8 However, while this may reduce the inci- 
dence of routine inguinal exploration, the data cited 
above suggest that the majority of patent processes 
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vaginales will remain asymptomatic. Routine con- 
tralateral exploration may be reasonably limited to sit- 
associated with a higher risk for 
metachronous hernia and/or morbidity, such as age 
<l year, history of prematurity, and increased 
abdominal pressure from shunts, dialysis, or ascites. 

Principles of repair include a small, transverse inci- 
sion over the inguinal canal, isolation of the sac with 
minimal handling of cord structures, reduction of any 
abdominal viscera, and high ligation of the hernia sac. 
Formal repair of the internal ring or floor of the canal 
is rarely needed in children. Generous windowing of 
an undrained hydrocele, which may be loculated, 
should be performed after transection and ligation of 
the hernia sac. The testis should be replaced in its 
normal position in the scrotum. 

Scrotal hydroceles without associated patency of 
the processus vaginalis are common in newborns and 
may be quite large. Diagnosis is made by transillumi- 
nation, and the inability to reduce the mass, forcing 
the fluid back into the peritoneal cavity, rules out 
hernia. Most resolve spontaneously and treatment is 
not recommended. 

Persistence of a simple scrotal hydrocele beyond 18 
months of age may be an indication for surgical cor- 
rection. However, there is no evidence that a simple 
hydrocele risks testicular damage and treatment is 
generally cosmetic, although some boys will complain 
of discomfort if the mass is particularly large. 

Fluid may also be trapped within the tunica vagi- 
nalis of the spermatic cord. The diagnosis is made by 
identifying a non-decompressible, transilluminatable 
mass above and separate from the testis. 

Treatment of simple hydroceles or hydroceles of the 
cord is similar to that in adults; however, an inguinal 
approach is recommended to rule out associated 
patency of the proximal tunica vaginalis at the level of 
the internal inguinal ring. Excision or plication of the 
enlarged tunica vaginalis is generally effective.?!! 

Finally, hydroceles may occur acutely following 
minor scrotal trauma or a viral illness associated with 
coughing or vomiting. The acute rise in intra-abdom- 
inal pressure associated with coughing or vomiting 
may force peritoneal fluid through a minimally patent 
processus vaginalis. Many of these will resolve sponta- 
neously and a period of observation for several weeks 
before recommending surgical intervention is advised. 

Many unusual structures have been observed 
within hernia sacs:?!? 


uations 


E abscess 
E adrenal hemorrhage 


E adrenal tissue, adrenal tumor 

E appendix 

E bladder 

cystic dysplasia of testis 

E dermoid cyst 

E ectopic renal tissue 

E ectopic testis 

E epidermoid cyst of testis 

E epididymal cysts, nodules, structural anomalies, 
tumors 

E fat necrosis of scrotum 

E fibrous adnexal pseudotumor 

E free nodules, calculi 

E funniculitis (thrombosis of pampiniform plexus) 

E gonad or genital structure of opposite sex 

E granulomas (talc, etc.) 

E glaucomatous disease (acidosis, etc.) 

E hemangioma 

E intussuscepted processus vaginalis 

E lymphangioma 

E Meckel’s diverticulum 

E meconium granuloma 

E mesenchymoma 

E neuroblastoma 

E parasitic disease 

E paratesticular cyst 

E paratesticular rhabdomyosarcoma 

E pedunculated body 

E peritonitis pseudotorsion 

E pneumoscrotum 

E polyarteritis nodosa 

E polyorchidism 

E Richter’s hernia 

E scrotal calculi 

E spermatic cord tumors 

E spermatocele 

E splenogonadal fusion 

E testicular infarct 

E tunica albuginea cyst 

E tunica vaginalis tumor 

E ureter 

E uterus 

E vas deferens agenesis 

E vasitis nodosa 

E venous thrombosis 

E Wilms’ tumor 

E xanthogranuloma (juvenile). 


Preoperative clinical findings will suggest the pres- 
ence of some of these structures, such as spermatic 
cord tumors. Previously unsuspected discoveries in 
the inguinal canal become clinically significant in the 
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context of hernia repair if they suggest an additional 
diagnosis that requires treatment, are confused with 
normal tissue or are removed inadvertently, produc- 
ing morbidity. Additional diagnoses of significance 
include persistent miillerian duct syndrome (usually 
associated with cryptorchidism), intersex abnor- 
malities in phenotypic females, and testicular, vasal, 
or epididymal anomalies (see below). Since androgen 
insensitivity syndrome is present in about 1% of girls 
undergoing hernia repair,?!* routine exposure of the 
ovary and/or vaginal examination under anesthesia is 
warranted in these cases. 

Incompletely developed portions of vas or epi- 
didymis have been identified by microscopic analysis 
of excised hernia sac tissue in 1.5-4% of cases and 
may cause concern of vasal injury. These can be 
differentiated from normal vas and epididymis by 
their small mean diameter of 0.17-0.26 mm vs 
>0.7 mm for normal ducts.?!+?!5 Serious injury to 
the normal vas, bladder, ureter, or testis during 
hernia/hydrocele repair is uncommon (2%) .206.216,217 
Even in the subset of boys requiring hernia repair in 
infancy for incarceration, the rate of testicular atrophy 
is low (2%).?!8 Hernia recurrence is also rare 
(<0.5%). Postoperative (new or persistent) hydro- 
cele may be found in 1.5-3.5% of cases but the 
majority resolve spontaneously within 1 year. 

A more severe and unusual form of hydrocele is the 
abdominoscrotal hydrocele (ASH), which extends from 
scrotum to retroperitoneum but has no demonstrable 
communication with the peritoneal cavity.?!°?! Pre- 
sentation is usually unilateral but may be bilateral. 
Bimanual examination confirms an abdominoscrotal 
mass which transmits a fluid wave; ultrasound may be 
useful to confirm the diagnosis in some cases. Often 
present at birth, the ASH may become quite large, 
extending laterally to the level of the umbilicus or 
higher. They often do not regress and may enlarge with 
time. They may rarely cause pain, lower extremity 
edema, hydronephrosis, and testicular atrophy.??!:222 

Proposed etiologies include isolated closure of the 
processus vaginalis at the internal ring with gradual 
upward extension of the hydrocele retroperitoneally, 
or incomplete proximal obliteration of the processus 
producing a one-way valve mechanism with continued 
accumulation of fluid.?!%:220 Associated undescended 
testis may be present. ASH repair is generally per- 
formed through a standard inguinal incision, although 
inbrication of the wall transcrotally may be safer.??2 
The sac is transected, the distal portion opened widely, 
and the retroperitoneal portion excised completely to 
prevent recurrence. Extreme care must be taken to 


avoid injury to local retroperitoneal structures, such as 
the vas or ureter, which may be difficult to identify in 
the folds of the large hydrocele wall.?!° For this reason 
the scrotal approach may be preferable. Concomitant 
orchidopexy is performed, if indicated. 


Testicular abnormalities 


Congenital testicular anomalies other than cryp- 
torchidism are rare but are often found in association 
with abnormal testicular descent. Those associated 
with intersex disorders are reviewed elsewhere (see 


Chapter 68). 


Defects of number and position 
Anorchism and monorchism 


Absence of one or both testes in otherwise normal 
phenotypic males is identified in as many as 35% of 
patients evaluated for non-palpable testes.??4226 In the 
majority, the vas and spermatic vessels are present but 
end blindly distal to the internal inguinal ring, a con- 
dition called vanishing testis. Several observations 
indicate that the likely cause of vanishing testis is ante- 
natal torsion. These include presence of hemosiderin 
or calcification in 15-85% of specimens examined his- 
tologically,??+° absence of developmental abnormal- 
ities in the contralateral testis?” and sonographic 
confirmation of prenatal testicular disappearance in a 
patient with extravaginal torsion.??8 The diagnosis of 
anorchism can be made after the first 3 months of age 
if both elevation of plasma gonadotropins and lack of 
testosterone response to hCG stimulation are pre- 
sent.?2? However, testosterone levels are elevated until 
about 2 months of age in the normal male. Therefore, 
absence of measurable levels in this age group suggests 
anorchia. During mid-childhood, gonadotropin levels 
may be normal in anorchid boys, but a GnRH stimu- 
lation test will reveal an exaggerated gonadotropin 
response. Contralateral testicular enlargement and ele- 
vated FSH levels are present in some, but not all, 
patients with monorchism.”*? Therefore, diagnosis 
must be based on laparoscopic and/or surgical findings 
of blind-ending spermatic vessels. Reduced levels of 
serum miillerian inhibiting substance may also prove 
useful in the diagnosis of anorchism.?2 


Polyorchidism 


Supernumeratry testis is a rare entity, with fewer than 
100 case reports in the literature.?33-235 The proposed 
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Figure 72.22 Polyorchidism: ultrasound image show- 
ing two normal testes on the left side. 


etiology is complete duplication of the genital ridge or 
separation of the ridge into two or more parts. The 
extra testis is most commonly located in the scrotum 
(75%), but may be inguinal (20%) or retroperitoneal 
(5%). The condition is rarely bilateral (5%). Associ- 
ated ductal structures on the affected side may be 
single or duplicated. The anatomic variants described 
in the literature include shared epididymis and vas 
(47%), duplicated epididymis and common vas 
(33%), duplicated epididymis and vas (11%), and 
absence of both adjacent to the accessory testis (5%). 
Associated genital anomalies are common and in 
decreasing order of frequency include inguinal hernia, 
undescended orthotopic testis, spermatic cord torsion, 
hydrocele, testicular tumor, and varicocele. The diag- 
nosis is suspected by physical findings and can often be 
confirmed sonographically (Figure 72.22). Surgical 
intervention is indicated for torsion, hernia/hydrocele, 
suspected tumor, or cryptorchidism. 


Testicular exstrophy 


Congenital extrusion of one or both testes outside the 
scrotum is one of the rarest testicular anomalies.22°.237 
There are inadequate data to support any specific eti- 
ology, but theories include gubernacular malfunction, 
scrotal ischemia, or local mesodermal abnormality. 
No associated anomalies are reported. Treatment is 
simple scrotal orchidopexy and closure. 


Transverse testicular ectopia 


The presence of both testes on the same side, each 
with an intact ipsilateral blood supply, epididymis, 
and vas, is an uncommon malformation.23°:23? The 
most frequent associated anomalies include inguinal 
hernia (98%) and persistent miillerian duct syndrome 


(30%). The absence of a normal attachment of the 
gubernacular remnant suggests that anomalous devel- 
opment of this structure may predispose to transverse 
ectopy. Laparoscopy may be useful for both diagno- 
sis and management? 24 Depending on presenta- 
tion, orchiectomy or orchidopexy is performed with 
partial excision of miillerian remnants as required to 
facilitate scrotal placement of the testis. 


Other testicular anomalies 
Gonadal fusion anomalies 


Splenogonadal fusion is a rare anomaly characterized 
by an abnormal attachment between the left gonad or 
its internal ductal system and the spleen or accessory 
splenic tissue.24*?47 Almost 150 cases have been 
reported, with the majority occurring in males. 
Patients most commonly present with a scrotal mass, 
inguinal hernia, or undescended testis. Rare presenta- 
tions include bowel obstruction, ambiguous genitalia, 
and acute enlargement or traumatic rupture of the 
scrotal spleen. Two variants are described: a continu- 
ous form characterized by a fibrous connection 
between gonad and spleen which may contain acces- 
sory ‘spleenlets’, and a discontinuous form, with no 
connection between the gonad and the orthotopic 
spleen. These subtypes occur with similar frequency. 
Other congenital anomalies are present in about one- 
third of cases, including limb, skull or cardiac defects, 
micrognathia, diaphragmatic hernia, imperforate anus, 
spina bifida, and hypospadias. Proposed etiologies 
include adhesion between splenic and gonadal tissue at 
5-9 weeks’ gestation due to simple fusion or inflam- 
mation?** and migration of splenic cells into a persis- 
tent diaphragmatic gonadal ligament.?46 Treatment is 
based on associated findings, but care should be taken 
to avoid injury to the associated normal testis.?44 

A single case of hepatogonadal fusion has appeared 
in the relatively recent literature.?8 This patient pre- 
sented with a right inguinal hernia, and had a histo- 
logically proven liver nodule attached to the upper 
testicular pole and a fibrous attachment to the porta 
hepatis. No other anomalies were present. 


Testicular hypertrophy and macroorchidism 


Testicular volume is usually less than 2 ml prior to 
puberty.749,75° After the age of 9-10 years, testicular 
size is markedly variable but correlates with Tanner 
stage.?4? Unilateral or bilateral enlargement of the 
testis has many etiologies. Malignant lesions, includ- 
ing primary testicular tumors and leukemia, are rare 
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but should be ruled out initially. Benign causes of 
increased testicular size include asymmetric pubertal 
enlargement,”>!52 compensatory hypertrophy in 
some cases of monorchism or cryptorchidism,?°? 
macroorchidism associated with fragile X and other 
mental retardation syndromes,”°+7°> nodular enlarge- 
ment in patients with congenital adrenal hyperpla- 
256 and isosexual precocity due to central nervous 
system (CNS) lesions, excess gonadotropins, testo- 
toxicosis, hypothyroidism, and other syndromes.?°7 
Testicular size discrepancy at puberty in otherwise 
normal boys is an uncommon finding. If a history of 
previous inguinal surgery or testicular injury is absent, 
the proposed cause is asymmetric response of the 
testis to normal maturational stimulation.**? Exagger- 
ated bilateral, benign testicular enlargement is also 
reported.”°! These patients should be evaluated with 
testicular sonography and, if a tumor is not identified, 
no further steps are indicated. Over time, the size dis- 
crepancy in unilateral cases may persist or resolve.?5? 


sia 


Microlithiasis 


Microlithiasis is a condition usually reported in adult 
men, but also found in children.?°° It is characterized 
by ultrasonic and/or histologic evidence of multiple 
calcifications within the testicular parenchyma 
(Figure 72.23).25? Adult men with microlithiasis 
often present with other testicular disease, and associ- 


Figure 72.23 Testicular microlithiasis: typical appear- 
ance on ultrasound image. 


ated germ cell tumors have been reported in as many 
as 40%.7° By contrast, the prevalence of microlithia- 
sis in men who have had testicular sonography for 
other reasons is 0.6%.2! The exact incidence in the 
general population is unknown, but a study of 1504 
young asymptomatic men 10-35 years old found a 
5.6% prevalence of testicular microlithiasis.2° A 
recent study by Wasniewska et al?6? revealed a high 
prevalence of testicular microlithiasis in males with 
McCune-Albright syndrome. Microlithiasis identified 
by pathologic examination is not always evident by 
sonography. However, the histologic type may be 
helpful in determining the significance of the 
lesion.25? Hematoxylin bodies are associated with 
germ cell tumors, whereas laminated calcifications 
may be present in association with testis tumors, but 
also occur in normal boys and in other diseases affect- 
ing the testis including cryptorchidism, epididymitis, 
inguinal hernia, and Klinefelter’s syndrome. 

Histologic microlithiasis is even rarer in the pedi- 
atric population, identified in only 1 of 2100 autop- 
sies and 1 of 600 testicular biopsies.2°+ In a 
multi-institutional series, Furness et al2°8 studied 26 
patients aged 6 months to 21 years (mean 12 years) 
in whom microlithiasis was diagnosed incidentally by 
sonogram. Reasons for evaluation included hydro- 
cele, epididymitis, varicocele, trauma, testicular or 
appendix torsion, testicular mass, and unilateral tes- 
ticular enlargement. There were no cases of clinically 
evident tumor during a mean follow-up period of 
slightly more than 2 years. Additionally, long-term 
data are required to identify the clinical significance, if 
any, of testicular microlithiasis in children. For the 
present, self-examination, yearly ultrasound imaging, 
and selected biopsy should be used in the surveillance 
of these patients. 


Abnormalities of accessory organs 


Cystic dysplasia of rete testis 


Cystic dysplasia of the rete testes (also called cystic dys- 
plasia of the testis) has been reported 32 times in the 
literature.2>-267 This lesion is believed to be due to a 
defect in fusion between the rete testis and efferent 
ducts. Cystic dysplasia is usually unilateral but may be 
bilateral, and patients often present in childhood with a 
testicular or scrotal mass. The diagnosis may be made 
by identifying multiple small cysts on the medical 
aspect of the testis, although most of the testicular 
parenchyma may be compressed by the mass. Associ- 
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ated genitourinary anomalies are common, suggesting 
that an associated wolffian duct anomaly may be pre- 
sent. Almost all cases are associated with renal anom- 
alies. The most common are agenesis, dysplasia or 
hypoplasia, or hydronephrosis. Abdominal crypt- 
orchidism is seen in one-third of patients. Preferred 
treatment is local excision, but an inguinal approach 
with control of the cord vessels is recommended to rule 
out tumor. Orchiectomy is performed if testis sparing 
is not possible. Cimador et al?°° suggests a more con- 
servative approach with serial ultrasonography. 


Wolffian duct system 


Since the mesonephric or wolffian duct is the precur- 
sor of both ureteral bud and the internal genital ducts, 
including vas, epididymis, and seminal vesicles, 
anomalous development frequently affects both the 
kidney and reproductive tract.269 The caudal segment 
of the wolffian duct, or common mesonephric duct, is 
the site of the origin of the ureteral bud. The middle 
segment, or common vas precursor, becomes the vas 
and seminal vesicles, and the upper mesonephric duct 
becomes the distal vas and epididymis.?”° It is pro- 
posed that defects that appear before the 7th week of 
gestation (onset of ureteral bud differentiation) may 
interfere with normal renal and reproductive tract 
development and after that time the reproductive 
tract alone is affected.2©? The timing and extent of the 
development defect probably influence the eventual 


phenotype. 


Agenesis 


Absence of the vas deferens is the most common find- 
ing in patients with agenesis of wolffian duct deriva- 
tives.26.271-273 The lesion may be bilateral or 
unilateral and in either form occurs in less than 1% of 
males. Vasal agenesis is usually discovered in adult 
patients with infertility or at the time of planned 
vasectomy, but may also present during inguinal 
exploration at any age. Both the unilateral and bilat- 
eral forms are associated with agenesis of the epi- 
didymis, seminal vesicle and/or kidney, but the 
association is more frequent in unilateral cases. The 
caput epididymis almost always persists. This obser- 
vation supports other clinical data indicating similari- 
ties between the caput epididymis and the efferent 
ducts, with the implication that the caput arises from 
the gonadal ridge rather than the wolffian duct. Muta- 
tion of the transmembrane conductance regulator 
(CFTR) gene is the only known genetic etiology of 
vasal agenesis. CFTR gene mutations are more 


common in bilateral (64%) than unilateral (25%) dis- 
ease and have not been found in patients with bilat- 
eral vasal agenesis in 
anomalies.” When vasal agenesis is diagnosed in 
childhood, renal and pelvic sonography and, if abnor- 
mal, VCUG should be performed. Vasal agenesis may 
be found in patients with cystic fibrosis, even when 
clinical evidence of the disease is absent. 


association with renal 


Anomalies of epididymal attachment 


Abnormalities of fusion or suspension of the epi- 
didymis are known to be common in patients with 
cryptorchidism. Turek et al?”+ studied epididymal 
anatomy in a group of boys undergoing inguinal or 
scrotal exploration primarily for hydrocele and 
reported normal anatomy in 96%. However, two 
other studies have shown a higher incidence 
(31-39%) of mild suspension or fusion anomalies of 
the epididymis in boys with hernia/hydrocele, with a 
greater frequency in those patients with a patent 
processus vaginalis.275.276 The clinical significance of 
partial epididymal detachment or a long looping epi- 
didymis in patients with a normally positioned testis 
is unclear. 


Epididymal cysts 


Cysts of the epididymis (spermatocele) (Figure 
72.24) usually appear during puberty or adulthood 
and are asymptomatic. The etiology is unknown but 


Figure 72.24 Epididymal cysts in a patient with poly- 
orchidism. 


1262 Clinical pediatric urology 


proposed theories include dilated efferent ducts that 
have failed to fuse with the epididymis”®.?”7 and/or 
part of a testicular dysgenesis syndrome caused by an 
endocrine abnormality.?78?”? Conditions associated 
with a higher incidence of epididymal cysts include 
cryptorchidism, Von Hippel—Lindau disease and fetal 
exposure to diethylstilbestrol. Intervention is not usu- 
ally required, but both excision?®? and sclerother- 
apy?81-282 have been used successfully in symptomatic 
patients. Two cases of torsion of an epididymal cyst 
have been reported.?83 


Other vasal anomalies 


Ectopy of the vas deferens,?”°,78485 also called persist- 
ing mesonephric duct,?°° is characterized by ectopic 
insertion of the vas into the urinary tract. Most com- 
monly, fusion of the vas and ureter occurs proximal to 
the bladder?*” (vasoureteric insertion), but direct entry 
of the vas into the bladder (vasovesical insertion) may 
occur. Approximately 30 cases are reported in the Eng- 
lish literature. Proposed mechanisms include ectopic 
insertion of the ureteral bud and/or aberrant develop- 
ment of the proximal vas precursor.?”°8° Patients are 
asymptomatic or present with UTIs and/or epididymi- 
tis. Other congenital anomalies are common, including 
agenesis of the seminal vesicles, imperforate anus, 
hypospadias, ureteral reflux and/or ectopy, and renal 
anomalies. The triad of imperforate anus, hypospadias, 
and ectopic vas was reported in 21% of cases.788 The 
diagnosis may be made by cystourethrography, retro- 
grade ureterography, or at the time of ureteroneocys- 
tostomy. Treatment is based on anatomic findings and 
clinical indications. 

True duplication of the vas deferens is extremely 
rare. Binderow et al?®? reported a single case found at 
the time of inguinal hernia repair in a boy with a 
normal urinary tract. The authors proposed wolffian 
duct duplication or ductal bifurcation in the region of 
the proximal vas precursor as the etiology. 


Seminal vesicle cysts 


Seminal vesicle cysts are another rare manifestation of 
anomalous wolffian duct development.??°*9? They 
may be congenital or acquired.??* Most are associated 
with renal agenesis with or without ureteral ectopy. 
Presentation is predominantly in adulthood with pain 
during micturition, defecation or ejaculation, UTI, or 
infertility. A palpable mass is appreciated on rectal 
examination. The diagnosis may be confirmed by 
abdominal or transrectal sonogram. A computed 
topographic scan may be useful to visualize the semi- 
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Figure 72.25 Seminal vesical cyst in an adolescent pre- 
senting with voiding symptoms and urinary tract infec- 
tion: (a) sonogram showing a cystic structure posterior 
to the bladder in the left sagittal view (C); (b) computed 
tomographic (CT) scan confirming a fluid-filled struc- 
ture (arrow) in the region of the left seminal vesicle; 
(c) absence of the left kidney on CT scan. 
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nal vesicle and confirm renal agenesis (Figure 72.25). 
Excision is indicated in symptomatic patients, either 
using an open technique, such as a transtrigonal 


approach,””” or laparoscopically. 
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Problems associated with the testis such as 
hernia/hydrocele, testicular torsion, and varicocele are 
common in infants and children. Although these 
diagnoses can be difficult to make at times, problems 
associated with the testes mandate accurate and 
prompt recognition in order to prevent potential tes- 
ticular damage or loss. Management options are often 
diverse and controversial, requiring the clinician to be 
aware of these issues in counseling the patients or 
their parents. These conditions can be corrected sur- 
gically, but there may be long-term consequences 
such as testicular atrophy and infertility that require 
further follow-up care after surgical management. 


Hernia and hydrocele 


Definition and incidence 


A hernia is defined as a protrusion of organ or tissue 
through an abnormal opening in the abdominal wall 
muscle or fascia. A direct inguinal hernia results from 
a weakness in the floor of the inguinal canal, allowing 
abdominal content and fluid to herniate through the 
external ring, medial to the epigastric vessels. In con- 
trast, an indirect inguinal hernia results from a patent 
processus vaginalis (PV), allowing abdominal content 
and fluid to herniate through the internal ring. A 
direct inguinal hernia is uncommon in children. A 
hydrocele is defined as an accumulation of fluid 
around the testis. A communicating hydrocele results 
from a patent PV in which the opening through the 
internal ring is small, allowing fluid but not bowel to 
enter the scrotum. A non-communicating hydrocele 
results from a patent PV in which the opening 
through the internal ring is closed but the rest of the 
PV is not completely obliterated. Since there is no 


communication with the peritoneum, the fluid in the 
non-communicating hydrocele originates from the 
mesothelial lining of tunica vaginalis as a result of 
inflammation of the testis or epididymitis. A commu- 
nicating hydrocele is common in young children, 
whereas a non-communicating hydrocele is more 
common in adolescents. 

Hernia and hydrocele occur in approximately 
1-3% of full-term infants but are three times more 
common in premature infants. With regards to 
hernia, the male to female ratio is 8 to l. A 
hernia/hydrocele occurs more often on the right than 
left (2:1) and is present bilaterally in 16% of affected 
patients! Ten percent of children with a 
hernia/hydrocele will have a positive family history. 
Approximately one-third of the children with a 
hernia/hydrocele will be diagnosed before 6 months 
of age. An increased incidence of hernia/hydrocele is 
seen in patients with cystic fibrosis (15%),? connec- 
tive tissue disease such as Ehlers—Danlos syndrome 
and Hunter-Hurler syndrome,** and congenital hip 
dislocation.© Children with a ventriculoperitoneal 
(VP) shunt or on continuous ambulatory peritoneal 
dialysis (CAPD) are also at higher risk of developing 
a hernia/hydrocele.” 


Etiology and pathophysiology 


In the male fetus, the testes develop from the cranial 
end of the mesonephros. The gubernaculum forms 
from a band of condescended mesenchyme, connect- 
ing to the lower pole of each testis. Around the 8th 
week of gestation, an outpouching of mesothelial cells 
from the coelomic cavity grows into the substance of 
gubernacular mesenchyme, forming the processus 
vaginalis. The PV is composed of a lining of simple 
mesothelium, surrounded by a fibrous layer of vari- 
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able thickness and fatty connective tissue containing 
blood vessels, nerve trunks, lymph nodes, and variable 
amount of muscle.* The skeletal muscles of the PV are 
derived from the transverse abdominis muscle and the 
smooth muscle component is derived from the dartos 
muscles. Occasionally, the lining of PV undergoes 
proliferation due to chronic irritation. It may contain 
papillary structures or nodules. On histologic exami- 
nation, fibrin deposition, extensive scarring, and 
psammoma bodies may be evident. In addition, 
mesothelial hyperplasia may be present with multinu- 
cleated cells, forming tubule-like structures within the 
fibrous tissue. These structures may appear to invade 
into the fibrous subserosa of the irritated PV. These 
features are often confused with those of rhab- 
domyosarcoma, mesothelioma, and metastatic carci- 
noma.’ 

By the 28th week of gestation, the testes begin to 
move from the posterior abdominal wall to the inter- 
nal ring, as a result of growth of the fetal trunk and 
pelvis. The PV forms a channel through which the 
testes descend into the scrotum. It is believed that tes- 
ticular descent is directed by the gubernacula!® and 
assisted by the PV, which allows transmission of the 
abdominal pressure to the fetal testes, causing their 
descent through the inguinal canal.!? The passage 
through the inguinal canal takes approximately 3 days 
and appears to be regulated by the genitofemoral 
nerve and the release of the calcitonin gene-related 
peptide (CGRP).!213 The testes enter the scrotum 
between the 32nd and 38th weeks of gestation; in 
some patients this process may be delayed up to the 
40th week of gestation. 

After the descent of the testes, the entrance to the 
inguinal canal, the internal ring, closes and the lumen 


of the PV is obliterated. Progressive fibrous oblitera- 
tion of the PV occurs in a cephalad direction, begin- 
ning above the epididymis.!* Organ culture of the PV 
from human infants demonstrates the presence of 
CGRP receptor on the mesechymal fibroblasts but 
not the epithelial cells. Addition of CGRP induces 
fusion of the PV through its effects on the fibrob- 
lasts.13 In addition, it is observed that patency of the 
PV is often seen in association with epididymal 
abnormalities.!° Since epididymal development is 
dependent on androgen stimulation, it is speculated 
that closure of the PV is also regulated by androgen. 
Another suggested mechanism to account for the per- 
sistently patent PV is the failure of the smooth muscle 
in PV to regress. Normally, these muscles disappear 
after taking part in the descent of the testis, a process 
that appears to be regulated by the autonomic system. 
In patients with a hernia, the muscles fail to undergo 
apoptosis and therefore maintain the patency of the 
py. 16-19 

In the female fetus, the ovaries descend in a similar 
manner except that the process is halted in the pelvis. 
The cranial portion of the gubernaculum forms the 
ovarian ligament, and the caudal portion forms the 
round ligament, which runs from the uterus to the 
labia majora. It appears that the gubernaculum also 
plays a role in guiding ovarian descent.?? Only rudi- 
mentary development of the PV occurs, forming the 
canal of Nuck. 


Presentation and diagnosis 


Children with a hernia/hydrocele often present with a 
history of a painless lump or bulge in the groin, scro- 
tum, or labium (Figure 73.1). In younger children, 


from the testis in infants with an inguinal hernia. 
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this bulge may be more obvious while the child is 
crying, straining, or doing maneuvers that increase 
abdominal pressure. In older children, the 
hernia/hydrocele often gets larger during the day and 
smaller at night or during time of recumbency. Occa- 
sionally, a child may present with symptoms similar 
to that of acute testicular torsion, resulting from tor- 
sion of the hernia sac.?!?? Approximately 10% of 
patients with an inguinal hernia present to medical 
attention with symptoms of bowel obstruction such 
as nausea, vomiting, abdominal distention, or local- 
ized or generalized abdominal tenderness. 

On physical examination, bowel can be palpated or 
heard during manipulation of the inguinal or scrotal 
bulge in patients with a hernia. Occasionally, a silk 
glove sign can be detected on examination, as the 
layers of PV can be felt around the spermatic cord, 
feeling like silk rubbing on silk. It has been suggested 
that the silk glove sign is not from an empty hernia 
sac but from the hypertrophied cremasteric muscle 
fibers.?3 Unfortunately, this physical finding is very 
inaccurate in the absence of finding an obvious 
hernia/hydrocele.*4 It should be noted that in many 
patients with a hernia, there are no findings on phys- 
ical examination, and the diagnosis is dependent upon 
the clinical history alone. 

Typically, a non-tender bluish discoloration to 
scrotum and a soft mass around the testis is noted in 
patients with a hydrocele. In others, a painless mobile 


cystic swelling may be found anywhere along the 
spermatic cord. Termed a cord or encysted hydrocele, 
it is not reducible and can often be confused with a 
hernia.” Rarely, a child may present with an 
abdominoscrotal hydrocele in which a scrotal hydro- 
cele has a dumbbell-shaped extension through the 
internal ring into the abdomen that forms an intra- 
abdominal cystic mass. In most patients, the hydro- 
cele contains an exudative fluid. However, other fluid 
types have also been found in association with a 
hydrocele. A meconium hydrocele results from an in- 
utero perforation of bowel and subsequent inflamma- 
tion and calcification of the meconium.?° A pyocele 
can develop in association with acute appendici- 
tis,?”8 infection of the epididymis or testis, tubercu- 
losis peritonitis,??*° or primary bacterial infection.*! 
A pneumocele may develop as a consequence of 
necrotizing enterocolitis or other causes of bowel per- 
foration.*? A hematocele can form as a result of blunt 
abdominal trauma with associated splenic injury or 
scrotal injury. A hydrocele may also contain ascites 
fluid such as bile, chyle, urine, cerebrospinal fluid in 
patients with a VP shunt, or dialysate fluid in patients 
on peritoneal dialysis. Hydrocele may also occur in 
girls, arising from the canal of Nuck.*# 

Being able to distinguish a hernia from a hydrocele 
on physical examination is often difficult. It has been 
suggested that transillumination may be used to 
identify a hydrocele (Figure 73.2). However, it 


(6) 


Figure 73.2 On physical examination of a boy with a hydrocele, scrotal swelling can be seen involving the testis (a) 


and this does transilluminate (6). 
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should be noted that since bowel fluid and air will 
transmit light in a similar manner as hydrocele fluid, 
this finding is not reliable. A scrotal mass that is 
easily reducible suggests a large patent PV represent- 
ing either a hernia or a large communicating hydro- 
cele. In contrast, a mass that is not reducible is likely 
to represent either a non-communicating hydrocele, 
one with a small patent internal ring, or an incar- 
nated hernia. 

In most patients with a hernia/hydrocele, the diag- 
nosis can be made by clinical history and physical 
examination. In those few patients in whom the diag- 
nosis cannot be well established, further radiologic 
examination may be helpful. In addition, when the 
testis cannot be palpated on physical examination, 
further radiologic imaging is required to rule out 
potentially serious pathologies such as undescended 
testis, infection, or testicular cancer. Ultrasonography 
(US) is widely used in evaluating inguinal and scrotal 
pathology. In patients with a hernia, fluid- or air-filled 
loops of bowel may be identified in the inguinal canal 
or scrotum. When there is omental herniation, a 
hyperechoic mass can be seen. However, it should be 
noted that US often fails to detect herniated bowel 
loops since the herniation is often periodic. In the 
absence of finding bowel or fluid in the inguinal canal, 
an increased cord width, as measured by US 
(7.2£2.0 mm compared with 3.6+0.8mm in a 
normal inguinal canal), has been used to diagnose 
hernia." In contrast, a hydrocele on US can be iden- 
tified by identifying fluid in between tunical layers 
and the normal testis/epididymis. The hydrocele may 
contain loculations. Fine particulate matter seen on 
US may represent pus or blood, whereas calcification 
(seen as hyperechoic shadowing masses) suggests the 
presence of meconium. 

Aside from US, other imaging techniques are 
seldom helpful in the diagnosis of a hernia/hydrocele. 
A KUB (kidney, ureter, and bladder X-ray) may 
demonstrate air or calcification in the scrotum, sug- 
gesting the presence of a pneumocele or meconium 
hydrocele, respectively. Herniography has been uti- 
lized in the diagnosis of a hernia.*° Iothalamate solu- 
tion (60%) is injected into the peritoneum. The 
patient is placed in an upright position for 10 min- 
utes; a KUB or a computed tomography (CT) scan is 
obtained to identify contrast lining the patent 
PV/hernia sac.37%8 Because of potentially serious 
complications such as bowel injury, contrast reaction, 
and peritoneal irritation, its use is limited to special 
circumstances such as in evaluating chronic groin 
pain.3940 


Management and techniques 
Hernia repair 


Currently, there is no effective medical management 
of a hernia; the use of a truss is primarily of historical 
interest. Since inguinal hernia is likely to persist indef- 
initely, it is recommend that children who are diag- 
nosed with an inguinal hernia undergo surgical repair 
to prevent bowel incarceration and potential testicular 
atrophy. This is of particular importance in premature 
infants and neonates, who are higher risk of develop- 
ing bowel incarceration while waiting for surgery.*! 
In extremely premature infants, hernia repair can be 
safely deferred until the child is ready to be discharged 
from the neonatal unit.” It is reported that the suc- 
cess rate for hernia repair approaches 99%. 

The type of surgical repair is dependent on the type 
of inguinal hernia. The direct inguinal hernia requires 
reconstruction of the floor of the inguinal canal with 
or without the use of prosthetic materials such as 
polypropylene, Dacron (polyethylene terephthalate), 
or PTFE (polytetrafluoroethylene). Since it is an 
uncommon type of hernia in children, a review of all 
types of direct inguinal hernia repair is beyond the 
scope of this chapter but is provided by Read.*% 
Repair of the indirect hernia can be approached with 
either an open or a laparoscopic technique. Czerny 
and Banks first introduced the concept of high ligation 
of the hernia sac in 1877. In brief, an inguinal incision, 
which is preferably hidden in a skin crease, is made 
approximately one-third the distance from the pubic 
tubercle to the anterior iliac spine. Scarpa’s fascia is 
next incised and the external oblique fascia is exposed. 
The shelving edge of the fascia is then defined with 
blunt dissection; this will allow for easier closure of the 
external oblique fascia later. To expose the inguinal 
canal, the fascia is incised along the direction of the 
fibers, parallel to the shelving edge over the external 
ring. After identifying the spermatic cord, the cremas- 
teric muscles are separated to expose the hernia sac, 
which is located anterior and medial to the vas and tes- 
ticular vessels. The hernia sac is carefully dissected 
from adjacent structures and divided between hemo- 
stats (Figure 73.3). The hernia sac is next freed proxi- 
mally to the internal ring, where it is ligated with 
absorbable sutures. The distal portion of the hernia sac 
may be opened down to the testis to prevent hydrocele 
formation, although the necessity of this step is 
debated. A similar technique is done for the repair of 
inguinal hernia in girls (Figure 73.4). It is important 
in these patients to open the hernia sac to ensure that 
there are no herniated structures such as gonads or fal- 
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Figure 73.3 During the repair of an inguinal hernia, the 
hernia sac, which is located anterior medial to the sper- 
matic cord, is carefully dissected away from the cord, 
ligated, and divided. 


lopian tubes. Variations of this technique include 
approaching the hernia sac through a scrotal or a low 
inguinal groove incision.45 However, it should be 
noted that these approaches might limit the ability to 
ligate the hernia sac near the internal ring. 

The repair of the indirect hernia may also be per- 
formed by laparoscopy. The internal ring can be 
approached either transperitoneally or preperi- 
toneally*° and the opening closed with a metal clip or 
sutures.4”7 The surgical success rate using this tech- 
nique is approximately 97%.484? The laparoscopic 
approach is especially useful in patients with recurrent 
hernia. It allows for identification of the etiology of 
the recurrence such as incomplete ligation of the 
hernia sac, the de-novo development of a direct 
hernia, and the presence of other types of hernias such 


a femoral hernia.***' More recently, the use of needle- 
scopic hernia repair has been advocated. In brief, a 
1.7 mm needle laparoscope is introduced through the 
umbilicus to visualize the opened internal ring. 
Through a second port positioned laterally, a grasper 
may be placed in the abdomen to help in the traction 
of the spermatic cord. A 2-3 mm incision is then 
made in skin directly over the internal ring and a 
suture is passed percutaneously anterolateral to the 
internal ring to perform an extraperitoneal high liga- 
tion of the hernia sac.5? Long-term results and com- 
plication rates using this technique are not yet known. 


Hydrocele repair 


Unlike hernias, hydroceles may resolve spontaneously 
during the first year of life. Thus, in the absence of a 
hernia, surgical treatment for hydroceles can be 
deferred and observation is warranted. In older chil- 
dren who acutely present with a hydrocele, the under- 
lying etiology such as epididymitis or orchitis should 
be treated. If the hydrocele persists several months 
after treatment, surgical repair may be considered. In 
young children, the hydrocele repair is performed in a 
similar manner to those described for repair of the 
indirect hernia, since these patients are likely to have a 
patent PV. In older children, the hydrocele repair can 
be performed through a midline or transverse scrotal 
incision since there is a low likelihood of a patent PV. 
The tunica vaginalis can be excised, everted (the bottle 
procedure), or imbricated (Lord’s procedure). Scle- 
rotherapy has been used in the treatment of hydroce- 
les. The hydrocele is injected with a sclerosant such as 
tetracycline or polidocanol.** Complications include 
pain, long-term hazards of the sclerosant, and leakage 


Figure 73.4 Inguinal hernia can also develop in girls. (a) On laparoscopy, an opened internal ring can be seen with 
the ovarian ligament (arrow) entering it. (b) On inguinal exploration, a hernia sac is identified. The hernia sac should 
be carefully examined to make sure that there are no structures herniating through the sac. 
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of the sclerosant through a patent PV. In addition, 
recurrence following treatment is common. Conse- 
quently, sclerotherapy is not recommended for chil- 
dren. 


Potential structures encountered in the hernia 
sac during surgery 


Numerous structures can be potentially encountered 
in the hernia sac; therefore, great care should be taken 
when dividing the sac. Typically, the hernia sac may 
contain intestine (small bowel, large bowel, appendix, 
and Meckel’s diverticulum) or omentum. Occasion- 
ally, the bladder or intra-abdominal catheters such as 
a CAPD catheter or a VP shunt may herniate through 
the sac.°+ Less frequently, ectopic tissue such as that 
from the adrenal cortex,** spleen,*® liver,>” kidney,°® 
and brain®? can be found in the hernia sac. In a few 
rare cases (<0.1% of hernia repairs on adults and 
even less in children®°), an unexpected discovery of a 
neoplasm is made during a hernia repair. Types of 
neoplasm found in the hernia sac include primary 
mesothelioma and liposarcomas,*° extrarenal Wilms’ 
tumor,°! and metastatic cancer from the gastrointesti- 
nal tract, the ovaries, and the prostate.® 

More frequently, the gonads and their associated 
structures may be encountered in the hernia sac. 
Despite having a palpable testis in the ipsilateral 
hemiscrotum, an additional testicle may be found at 
the time of hernia repair in boys with supernumerary 
62 or cross-testicular ectopia. In approximately 
2-3% of phenotypic girls undergoing hernia repair, a 
testis may be found in the sac, suggesting the diagno- 
sis of complete androgen insensitivity syndrome 
(CAIS).°.% In these patients, the testis can either be 
removed after puberty to reduce the risk of germ cell 
malignancy (such as gonadoblastoma) or at the time 
of hernia repair to reduce the risk of virilization when 
the androgen insensitivity is not complete. An ovary 
can also be found in the hernia sac in 4% of girls 
undergoing surgery. Approximately 25% of these 
patients will have evidence of torsion effects or infarc- 
tion in the herniated ovary.® Less often, genital duct 
structures are identified at the time of surgery or 
during pathologic evaluation. Functional wolffian 
duct derivatives such an accessory vas or epididymis 
may be seen separate from the spermatic cord, and 
should not be confused with true vasal injury. In 
patients with hernia uterine inguinale who have an 
anti-miillerian inhibiting factor or its receptor defect, 
persistent miillerian structures such as a uterus may be 
found in the hernia sac.6667 Owing to the close rela- 


testis 


tionship with wolffian duct structures, great care has 
to be taken in excising the persistent miillerian struc- 
tures. In 2-6% of the cases, non-functional miillerian 
or wolffian remnants structures can be identified in 
the hernia sac.°8. These structures are characterized 
by ciliated low columnar cells with occasional inter- 
spersed pale round cells, occurring singly, in small 
groups, or in large clusters.7? They are smaller than 
functional duct derivatives and lack significant muscu- 
lar coats. Given the potential for finding various struc- 
tures in the sac, some clinicians have recommended 
sending the hernia sac routinely for pathologic exam- 
ination. However, Miller et al”? observed that in their 
series of 456 patients, only four cases (0.88%) had 
unexpected findings on pathologic evaluation of the 
hernia sac. None of these cases were of clinical signif- 
icance (i.e. changed the patient management). The 
authors concluded that the routine histologic evalua- 
tion of inguinal hernia sacs in children is an unneces- 
sary expense and should be reserved for select cases at 
the discretion of the surgeon. 


Management of the contralateral patent 
processus vaginalis 


In children who present with a unilateral hernia, 
much controversy exists as to the management of the 
contralateral side. Some surgeons recommend rou- 
tinely exploring the opposite side for a patent PV, 
whereas others are more selective based upon clinical 
criteria such as age or sex.”%73 Some utilize further 
radiologic imaging such as US” or perform diagnos- 
tic pneumoperitoneum”® or laparoscopy through the 
umbilicus’®7” or hernia sac’®:”? to diagnose a patent 
PV. Others just recommend observation for the 
development of a contralateral hernia. From autopsy 
studies, it is observed that the incidence of a patent 
PV is 90% in preterm infants, 80% in newborns, 
60% in children less than 1 year of age, and 15-30% 
in adults.8°8! From studies in which the patency of 
the contralateral PV was assessed in children with a 
unilateral hernia, it was observed that the incidence of 
a patent PV was also age dependent: approximately 
60% of children <2 months of age who had a unilat- 
eral hernia had a patent contralateral PV; this inci- 
dence declined during the first 2 years of life and 
stabilized at 40% in children from 2 to 16 years of 
age.7382 

Several studies have also observed that the inci- 
dence of a contralateral hernia developing following 
unilateral hernia repair ranged from 3.6 to 10% (an 
average of approximately 7%),83-87 far exceeding the 
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rate of a patent PV. Chertin et al similarly found that 
the incidence of developing a contralateral hernia in 
300 girls who presented with a unilateral hernia and 
underwent a unilateral repair was 8%.88 Using a uni- 
variate analysis with the Cox regression models, Ikeda 
et al observed that a left-sided hernia and a positive 
family history were significantly associated with the 
development of a contralateral 
hernia.8? However, the incidence was at most 10%. 
Miltenburg et al performed a meta-analysis of the risk 
of metachronous hernia in infants and children and 
found that there was a 7% risk of developing a con- 
tralateral hernia following unilateral repair.”? Gender 
and age were not risk factors. Similar to the findings 
by Ikeda et al,8? there was an 11% risk of metachro- 
nous hernia if the original hernia was on the left side, 
a risk that was 50% greater than if the original hernia 
was on the right. Of patients who developed a 
metachronous hernia, 90% did so within 5 years, 
with a complication rate of 0.5%.7° Based upon these 
findings, it can be concluded that patients with a 
patent PV do not necessarily progress to develop a 
clinically apparent inguinal hernia. Concurrent man- 
agement of a contralateral PV is of probable benefit in 
premature and young infants where the risk of a 
second anesthesia is high and in children with risk fac- 
tors for hernia recurrence such as cystic fibrosis or 
connective tissue disease. Interestingly, it was 
observed that in a study in which the parents were 
presented with the above issues and asked to choose 
between unilateral hernia repair only or with con- 
comitant evaluation and repair of a contralateral 
patent PV for their child, 85% of the parents chose 
the latter.?! Approximately 80% of those who chose 
contralateral exploration indicated that convenience 
was the primary motive in their choice and only 19% 
had concerns about their child undergoing a second 
anesthesia if a contralateral hernia develops later. 


metachronous 


Complications of hernia/hydrocele repair 


In general, the complication rate is higher in patients 
undergoing hernia repairs compared with those 
undergoing hydrocele repairs and in emergent com- 
pared with elective repair. The primary concern is 
associated with the anesthetic risk;?? this is of partic- 
ular significance in premature infants and in those <3 
months of age. Improvements in pediatric anesthesia 
techniques such as the use of a laryngeal mask?? with 
caudal™* or local anesthesia and the use of regional 
anesthesia in premature infants? have greatly 
decreased the risk of potential anesthetic complica- 


tions. Early complications associated with a 
hernia/hydrocele repair include local edema, 
hematoma, and wound infection. Early recurrence of 
inguinal/scrotal swelling result from a missed hernia 
or refilling of the potential space with fluid. Late com- 
plications include iatrogenic, upward displacement of 
the testis (incidence of 1% in children undergoing 
hernia repair),°° paravesical abscess,?” damage to 
spermatic cord, and recurrence. The incidence of 
spermatic cord injury during uncomplicated inguinal 
hernia surgery is approximately <1% during hydro- 
cele repair.°® However, if the hernia is incarcerated, 
the risk of spermatic cord injury increases significantly 
to 6-10%, with a subsequent testicular atrophy rate 
of 4%.°° It is suggested that the bowel incarceration 
induces ischemia on the spermatic cord as a result of 
pressure. The rate of recurrence following open 
hernia/hydrocele repair is approximately 1-3%; how- 
ever, it may be as high as 20% in premature infants 
undergoing repair.4? Recurrence may be caused by 
failure to dissect a complete sac, tearing of the sac, or 
slipped sutures in ligating the sac. Moreover, in 
patients with recurrent hernia, other pathologies such 
as connective tissue diseases should be considered. 
Hydrocele formation following hernia repair either 
with an open or laparoscopic approach occurs in less 
than 1% of the patients.*8-49 


Testicular and appendiceal torsion 


Definition and incidence 


Normally, the tunica vaginalis covers the anterior sur- 
face of the testis, epididymis, and various distances 
over the spermatic cord. Attachment with the guber- 
naculum and scrotal wall posteriorly allows the testis 
to be fixed, preventing it from twisting around the 
vascular mesentery. However, when these attach- 
ments are not secure, torsion of the testis may occur, 
leading to vascular compromise. Although, testicular 
torsion can occur at any age, there is a bimodal distri- 
bution in the age of presentation, during puberty and 
during the neonatal period. More commonly in ado- 
lescents, testicular torsion involves torsion of the sper- 
matic cord within the tunica vaginalis (intravaginal 
torsion). Owing to abnormal fixation of the testis and 
epididymis, the testis is freely suspended within the 
tunical cavity. This bell clapper deformity allows the 
testis to adopt a horizontal position in the scrotum 
(Figure 73.5a). It is found in 12% of testes at post- 
mortem, and frequently occurs bilaterally.!° It is the 
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Figure 73.5 (a) In adolescents, testicular torsion occurs intravaginally, commonly due to the bell clapper deformity. 
(b) In neonates, testicular torsion occurs extravaginally, in which the entire cord is twisted about its axis (arrow). (c) 
In children with intermittent torsion, such as the one shown here who presented with intermittent left testicular pain, 
a bell clapper deformity (left testis) is often seen on the affected side. 


most common etiology of torsion in adolescents, in 
whom rapidly increasing testicular mass associated 
with puberty increases the chance of the testis rotat- 
ing. Intravaginal testicular torsion can also occur 
intermittently, spontaneously twisting and untwisting 
(Figure 73.5b). 

Approximately 10% of all testicular torsion occurs 
in newborns. In 70% of these patients, torsion occurs 
prenatally and is diagnosed at the time of birth. In the 
other 30% of patients, torsion occurs in previously 
normal testes.!°! Testicular torsion in newborns 
occurs primarily extravaginally. In the neonatal 
period, the descending or recently descended testis 
and its coverings are very mobile within the scrotum, 
creating a risk for the spermatic cord to twist en masse 
(Figure 73.5c). Multiparity, excessive uterine pres- 
sure, and a strong cremasteric contraction have been 


suggested as etiologic factors for extravaginal tor- 
sion. 10 

Torsion of the testicular appendages may also 
occur. The appendix testis is a vestigial remnant of 
the miillerian system located on the upper pole of 
the testis. It is found in 90% of males and bilaterally 
in 60% (Figure 73.6a). Appendages may also be 
found on the epididymis (Figure 73.6b), epididy- 
motesticular groove, or the cord itself. These 
appendages are remnants of the wolffian system. 
Approximately 95% of the appendiceal torsions 
involve the appendix testis. The peak age of presen- 
tation is around 10 years.!°% It has been suggested 
that hormonal stimulation during pubertal develop- 
ment increases the size of the testicular appendages, 
making them more susceptible to twisting around 
their small blood supply. In a review of 100 boys 


Figure 73.6 Acute testicular pain can also be due to torsion of the testicular appendages such as the appendix testis 


(a) and appendix epididymis (b) (arrow). 


—= 
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<15 years of age who presented with acute scrotal 
pain, Melekos et al! observed that 42% had testic- 
ular torsion and 32% had appendiceal torsion. 


Presentation and diagnosis 


Children and adolescents who present with an acute 
painful scrotum require prompt evaluation. Timely 
and accurate diagnosis is required to prevent testicu- 
lar loss. Whereas the differential diagnosis is extensive 
(Table 73.1), the diagnosis can be determined based 
upon history, physical examination, and limited labo- 
ratory and radiologic evaluation. Typically, adoles- 
cents with intravaginal testicular torsion will present 
with acute onset of severe scrotal pain. In a series of 
670 patients with acute testicular torsion, 89% of the 
patients presented with a complaint of acute-onset 
ipsilateral testicular pain.104 The remaining patients 
presented only with pain referred to the ipsilateral 
lower abdomen, groin, or thigh. The majority of 
these patients were later found to have torsion in the 
undescended testis. Associated trauma and recent 
exercise was seen in 4% and 10% of the patients, 
respectively. About 11% of the patients were awak- 
ened from sleep with pain. Nausea and vomiting were 
associated with testicular torsion in 39% of the 
patients, whereas urinary symptoms such as dysuria 
and urgency were usually absent (<5%). Interest- 
ingly, 36% of the patients had a previous history of 
testicular pain or swelling. A prior history of ipsilat- 
eral orchidopexy does not exclude the diagnosis of 
testicular torsion. Inadequate fixation or the develop- 
ment of single adhesions forming an axis for the testis 
to twist has been observed in patients with a prior his- 


Table 73.1 Differential diagnosis for acute/subacute 
scrotum 


Testicular torsion 

Appendiceal torsion (testis or epididymis) 
Epididymitis/epididymo-orchitis 

Inguinal hernia (reducible or incarcerated) 
Hydrocele 

Trauma (mechanical, burns, or animal/insect bite) 
Testicular neoplasms 

Spermatocele 

Varicocele 

Dermatologic lesions 

Inflammatory vasculitis (Henoch-Schönlein 
purpura) 

Idiopathic scrotal edema 

Referred pain 


tory of orchidopexy who presented with a recurrent 
105 Physical examination of the 
torsed testis is often very difficult due to the severity 
of the pain. Important signs of testicular torsion 
include a firm testicle high-riding in the scrotum, an 
abnormal transverse orientation of the testis, and the 
absence of a cremasteric reflex.!°° None of these phys- 
ical findings is foolproof, and the clinician must main- 
tain a high degree of suspicion. In many cases, acute 
hydrocele or marked scrotal edema develops when 
several hours have passed since the onset of the scro- 
tal pain. Fever and an elevated white blood cell count 
are seldom associated with testicular torsion. Inter- 
mittent testicular torsion has a similar presentation to 
that of intravaginal torsion, except that the episode is 
self-limited with resolution of symptoms after the 
cord spontaneously untwists. Many patients who pre- 
sent with acute testicular torsion have a history of 
prior episodes consistent with intermittent testicular 
torsion. Those patients with intermittent torsion are 
likely to have normal physical examination at the time 
of evaluation, when the pain has resolved. In contrast 
to those patients with intravaginal torsion, patients 
with extravaginal neonatal torsion typically present 
with painless swelling and scrotal discoloration. A 
firm testis with an associated hydrocele is often noted 
incidentally on newborn examination or during 
diaper change. Interestingly, associated scrotal ery- 
thema is not often present, but the overlying skin is 
discolored by the underlying hemorrhagic necrosis. 

Patients with appendiceal torsion can also present 
with pain similar to those with intravaginal testicular 
torsion. However, the presentation for appendiceal 
torsion can be quite variable, from an insidious onset 
of scrotal discomfort to acute severe scrotal pain. 
Consequently, it is often difficult to differentiate 
appendiceal torsion from other causes of acute scro- 
tum. At the earlier stages, the pain may be localized to 
the upper pole of the testis or epididymis, and a firm 
nodule can sometimes be palpated in this region of 
the scrotum. The pain is more often of a gradual 
onset rather than developing acutely, and associated 
symptoms such as nausea, vomiting, and abdominal 
pain are unusual. On physical examination, the 
infarcted appendage can be seen through the scrotal 
skin as a blue dot; this is considered pathognomonic 
for appendiceal torsion. However, the blue dot sign is 
only seen in approximately 20% of patients with an 
appendiceal torsion.!°% In the latter stages, scrotal 
wall edema and erythema can develop, distorting the 
physical examination. The cremasteric reflex is usually 
preserved and the testis remains mobile. 


testicular torsion. 
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In those patients who are suspected of having tes- 
ticular torsion on a clinical basis, prompt surgical 
exploration is mandatory. Adjunctive radiologic tests 
should only be obtained when their purpose is to con- 
firm the absence of testicular torsion so that surgical 
exploration can be avoided. These tests are also of use 
in patients in whom the duration of symptoms sug- 
gests a non-salvageable testis if torsion is the cause. In 
these limited cases, color or power Doppler US or 
°°mT ¢-radioisotope scintigraphy may be obtained to 
evaluate testicular blood flow. Both of these tests 
depend on the availability of equipment and person- 
nel. False-negative results can occur with any of the 
above modalities. The choice of which study to obtain 
varies from institution to institution, depending on 
local experience and the availability and reliability of 
the tests. Color Doppler US studies can assess the 
anatomy of the scrotum and its content, while deter- 
mining the presence or absence of testicular blood 
flow (as measured by velocity). The sensitivity of 
color Doppler US is reported to be as high as 90%, 
with a specificity of 99%.!°7 However, caution must 
be used in the interpretation of these studies; almost 
40% of patients, especially those younger than 8 years 
of age, may fail to demonstrate flow on the asympto- 
matic side.!98:109 Power Doppler US measures blood 
flow by detecting the number of red blood cells as 
opposed to the velocity of flow. Although blood flow 
is more consistently detected in younger children with 
power Doppler,!° evidence from animal studies sug- 
gests that power Doppler and color Doppler are 
equally effective in the detection of torsion.!!° 
Radionuclide imaging was originally the study of 
choice for ruling out testicular torsion. However, it 
only allows for the assessment of blood flow. Its pos- 
itive predictive value has been reported to be around 
75%, with a sensitivity of 90% and a specificity of 
89%.111 Hyperemia of the scrotal wall can give false 
impressions of testicular blood flow. In addition, it is 
difficult to image children with small scrotal sacs or 
testes using this study. 


Effects of unilateral torsion on testicular 
function 


Ischemic damage from torsion is related to the dura- 
tion of the torsion and the number of revolutions of 
the spermatic cord. Studies in dogs have demon- 
strated that no spermatogenic or Sertoli cells are 
viable after 6 hours of testicular ischemia, and all 
Leydig cells are lost after 10 hours of ischemia.!!? 
However, in humans, severe testicular atrophy can be 


seen as early as 4 hours when the degree of torsion is 
greater than 360°." It is likely that when the cord is 
torsed >360°, the artery becomes completely 
occluded. In contrast, when the torsion is <360°, 
arteriolar stasis develops secondary to venous occlu- 
sion and edema. In general, testicular atrophy is rare 
before 8 hours of torsion but is common after this 
time period.!!4 The mechanism of testicular damage 
appears to be related to a combination of ischemia 
and reperfusion injury, resulting from activation of 
the xanthine oxidase system in parenchymal cells or 
from leukocytes adherent to the reperfused venule 
walls. 

The effects of ischemia do not seem to be limited to 
the torsed testis. In patients who had treatment of tes- 
ticular torsion within 4 hours of the onset of symp- 
toms, half of the patients had abnormal semen 
analysis in follow-up, suggesting injury to both 
testes. 114 Studies in rats have confirmed that unilateral 
torsion can induce bilateral testicular damage and 
reduced fertility.!15116 Several mechanisms have been 
suggested to explain these observations, including an 
immunologic cause, congenital dysplasia, and damage 
of the normal testis by reflex vasoconstriction. It is 
suggested that disrupts the 
blood-testis barrier, allowing the release of sperm 
antigens from the damaged testis. The antigens 
induce formation of autoantibodies, which can then 
attack the unaffected testis. In rats, it has been 
demonstrated that orchidectomy of the torsed testis, 
treatment with perioperative antilymphocyte globu- 
lin, and splenectomy,!!” 
immunosuppressants such as steroids and cyclo- 
sporine,!!8 can prevent contralateral 
damage. Similarly, in humans, patients with torsion 
for >24 hours who had undergone an orchidectomy 
are more likely to have a normal semen analysis than 
those in whom the torsed testis was left in place. 14 
Although there is ample evidence in animal studies 
that damage of the contralateral testis is mediated by 
an immune response, direct evidence in human stud- 
ies is lacking. Antitestis antibodies have been found in 
only approximately 10-20% of patients who had a 
testicular torsion. !!?-120 In addition, their presence 
does not correlate with infertility or with any testicu- 
lar exocrine or endocrine dysfunction. An alternative 
explanation for the observed abnormal semen para- 
meters in patients with unilateral torsion is the pres- 
ence of underlying congenital dysplasia in the 
unaffected testis. Biopsies from the contralateral testis 
at the time of treatment for unilateral torsion demon- 


torsion normal 


or administration of 


testicular 


strate abnormalities such as desquamation of the ger- 
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minative epithelium, atrophy of the Leydig cells, and 
malformation of spermatoblasts in 88% of the 
cases.!?! The presence of these abnormalities so soon 
after the onset of torsion suggests that there may be 
pre-existing underlying pathology in contralateral 
testis. However, this explanation does not explain the 
consistent correlation between the duration of torsion 
and total sperm count, unless the damage is com- 
pounded by another mechanism.!?? The most recent 
explanation of the observed damage in the non-torsed 
testis is that it is caused by ischemia induced by reflex 


123-125 unilateral 


vasoconstriction. In animal studies, 
testicular torsion induces an immediate and progres- 
sive decrease in blood flow to the contralateral testis 
followed by a gradual increase after detorsion. Like 
the affected side, the contralateral testis can be dam- 
aged by a combination of ischemia and reperfusion 
injury. The effect of torsion on contralateral testicular 
blood flow appears to be mediated by sympathetic 
nerve discharges from the genitofemoral nerve. 126 
Several studies have suggested that testicular 
damage after torsion can be limited by cooling of the 
testes, suppressing immune-mediated damage, and 
chemical sympathectomy to prevent reflex vasocon- 
striction. In animal studies, external cooling of the 
testis can delay the effects of ischemia for a few 
hours.!?7 In addition, verapamil, surfactant, allopuri- 
nol, platelet-activating factor inhibitors, and hyper- 
baric oxygen have been used in attempt to decrease 
reperfusion injury.!!8:!28129 Similarly, immunosup- 
pression with steroids, cyclosporine, and azathioprine 
has also been used to reduce testicular damage 
induced by an immune response.!?° Drugs such as 
capsaicin, 6-hydroxydopamine hydrobromide, 
guanethidine monosulfate, and nitric oxide have been 
shown in animal studies to reduce testicular damage 
by preventing vasospasm and hypoxia in the con- 
tralateral testis.131132 Apart from hypothermia, the 
other methods of limiting testicular damage following 


unilateral torsion have been used in humans. 133 


Treatment 


When suspected of having testicular torsion, the 
patient should be taken to surgery without delay. 
Manual detorsion may be tried if surgical intervention 
cannot be done for a period of time. The testis should 
be turned caudal to cranial, and medial to lateral. 134 If 
the first attempt is unsuccessful, the testis should be 
turned in the opposite direction. If the detorsion is 
successful, the pain should resolve immediately. 
However, this process is often very painful, and 


manual detorsion may not completely correct the 
obstructed blood flow. Consequently, surgical inter- 
vention is still required following manual detorsion. 

Fixation can be accomplished by securing the testis 
to the septum or placement into a dartos pouch. For 
trans-septal fixation, the scrotum is opened through 
an incision in the median raphe. For the pouch fixa- 
tion, the incision is made transversely following the 
skin creases of the scrotum. When using the latter 
method, the dartos pouch is made after the skin is 
incised. The tunica vaginalis is then entered, and the 
testis is examined. The spermatic cord should be 
detorsed to restore blood flow. The affected testis 
should be placed in a warm sponge and observed for 
several minutes to determine viability. If it is non- 
viable, the necrotic testis should be removed. Explo- 
ration of the contralateral testis should also be 
performed and, in all cases, the contralateral testis 
must be fixed. The testicles can be fixed to the median 
septum with three or four fine, non-reactive and non- 
absorbable sutures. These sutures can be brought 
through the septum, enabling the contralateral side to 
be fixed concurrently. Alternatively, a dartos pouch is 
created and fixation relies on scarification of the testis. 
The tunica vaginalis is everted and the testicle placed 
into the dartos pouch. A non-absorbable suture is 
then used to secure the dartos tissue around the cord. 
This technique is advantageous in that complications 
such as abscess formation and tubular atrophy are 
uncommon. In addition, there have been no reported 
cases of recurrent torsion with this technique. Inter- 
mittent torsion is corrected using either of the above 
techniques on a semiemergent basis. As a result of the 
effects of torsion on the function of the affected and 
unaffected testis, these patients will require further 
follow-up care to evaluate for infertility. 

The treatment of neonatal torsion is controversial. 
Some clinicians suggest that surgical exploration is 
unnecessary, whereas others advocate immediate sur- 
gical exploration and fixation of the contralateral side. 
It is rare to salvage the affected testis in a patient with 
unilateral neonatal torsion; out of more than 30 cases 
of bilateral neonatal torsion reported in the literature, 
only two testicles have been successfully salvaged.!%° 
Important reasons for exploration are to exclude 
tumor and to prevent possible unilateral torsion from 
becoming bilateral anorchia.!°! In the rare case of 
bilateral neonatal torsion, a more conservative 
approach can be taken. The newborn’s general condi- 
tion and anesthetic considerations should be evalu- 
ated to determine whether or not to proceed with 
surgical intervention. 


1282 Clinical pediatric urology 


The treatment of twisted testicular appendages is 
non-surgical if the diagnosis is certain. Conservative 
therapy with limitation of activity, scrotal elevation, 
and administration of non-steroidal analgesics is 
highly effective. Most of the symptoms will dissipate 
once the acute changes of acute necrosis resolve. In 
rare instances, surgical exploration may be undertaken 
if conservative management fails. Simple excision of 
the torsed appendage is curative. Although an asymp- 
tomatic appendage is likely to be present on the con- 
tralateral side, exploration of the unaffected testis is 
not indicated. Some clinicians have advocated surgical 
treatment for the management of appendiceal torsion 
because these patients seem to recover more rapidly 
and return to normal activity quicker than those 
treated conservatively. 136 


Varicocele 


Definition and incidence 


A varicocele is caused by abnormal dilation of the 
internal spermatic vein and the pampiniform plexus of 
the testis. There are three primary vascular suppliers 
to the testis: the internal spermatic, the vassal, and 
cremasteric artery and vein. At testicular levels, there 
is free communication between the arteries. The 
pampiniform plexus is formed from veins providing 
the drainage from the testis and epididymis. As this 
plexus courses toward its drainage into the renal vein 
on the left and the inferior vena cava on the right, it 
becomes the internal spermatic vein. Like the arteries, 
there is free communication between the pampini- 
form plexus and the vasal vein, which drains via the 
inferior vesical vein into the hypogastric vein, and the 
cremasteric vein, which drains via the inferior epigas- 
tric vein into the external iliac vein. In addition, the 
distal portion of the pampiniform plexus is also 
drained via the anterior scrotal vein into the femoral 
vein. 

A varicocele is rarely seen in boys less than 10 years 
of age.137 Its incidence rapidly increases between 10 
and 15 years of age, and it is seen in approximately 
15% of male adults.!*8 There appears to be a causal 
relationship between pubertal development and varic- 
ocele formation. Varicocele may be classified by size 
during examination with the patient standing: grade I 
varicocele is not visible but becomes palpable during 
the Valsava maneuver; grade II varicocele is easily 
palpable on examination without the need for the 
Valsava maneuver; and grade II varicocele is clearly 


visible on examination. Grade I varicocele is seen in 
approximately 9% of adolescent males, whereas grade 
II is seen in 4% and grade III in 2%.1*? The true inci- 
dence of varicocele may be underestimated, since 
many adolescent males do not routinely undergo 
proper testicular examination in the upright position. 
Approximately 90% of varicoceles detected are found 
on the left side, whereas bilateral varicoceles occur in 
2-10% of the cases. An isolated, right-sided varico- 
cele is uncommon, and its presence should raise the 
suspicion of a pelvic mass compressing venous return. 


Etiology and pathophysiology 


There are many theories as to the etiology of a varic- 
ocele. It is speculated that there are incompetent or 
absent valves in the left spermatic vein, which allows 
retrograde blood flow into the pampiniform 
plexus. 140 It has also been hypothesized that the 
anatomic differences between the left and right sper- 
matic veins (with the left being longer and having a 
right angle insertion into the left renal vein) allow for 
preferential transmission of higher hydrostatic pres- 
sures to the left pampiniform plexus. Alternatively, it 
has been suggested that a varicocele develops as a con- 
sequence of the left renal vein being compressed as it 
passes between the aorta and the superior mesenteric 
artery. However, this ‘nutcracker effect? has not been 
seen clinically.!4! Finally, it is hypothesized that a 
varicocele develops from abnormal embryonic trans- 
formation of the primary venous system into the sec- 
ondary system. The inferior vena cava is formed as the 
subcardinal, the posterior cardinal, and the supracar- 
dinal veins involute. Disordered involution may cause 
a persistence of intercardinal anastomoses that could 
lead to the formation of the varicocele. !+! 

Although the etiology of a varicocele remains 
unclear, its effect on the testis is well documented. 
Biopsies from the testes of men with unilateral varic- 
ocele and fertility problems demonstrate incomplete 
maturational arrest at the spermatid and spermatocyte 
levels.142-143 In addition, there is decreased spermato- 
genesis and seminiferous tubular thickening with 
decreased tubular diameter. Interestingly, these 
changes are seen in both testes but are more severe on 
the varicocele side.!#? It has also been observed that 
there are changes in the other components of the 
testis. Leydig cell hyperplasia is seen in association 
with varicocele. Its presence can be used for progno- 
sis, since the pregnancy rate was observed to be 
decreased from 40% to 5% in partners of men with a 
varicocele who have Leydig cell hyperplasia on testic- 
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ular biopsy.!#* Sertoli cell abnormalities have also 
been reported in men with varicocele. On light and 
electron microscopy, spermatids are seen to be malo- 
riented relative to Sertoli cells, and Sertoli-germ cell 
junctional complexes appear to be structurally abnor- 
mal.!45 Finally, the testicular microvasculature is also 
affected in adolescents and men with varicocele, in 
which proliferative endothelial lesions in the capillar- 
ies are seen. These vascular lesions precede the testic- 
ular changes and are reversible with surgical 
correction.!46 All of these findings must be inter- 
preted with caution, as they come from men with fer- 
tility problems. Most men with varicocele are fertile. 
Varicocele is also associated with specific biochem- 
ical changes. It has been observed that there is 
decreased intratesticular testosterone concentration in 
some adult men with varicocele.!47 It is not surprising 
that this decrease correlates with impaired spermato- 
genesis and Leydig cell changes in men with varico- 
cele.!47-148 Similarly, a decrease in serum testosterone 
has been noted in some men with bilateral grade III 
varicoceles.!4 However, this observation is not seen 
in patients with other grades of varicocele.!5° Inhibin 
B is a glycoprotein produced by Sertoli cells that can 
potentially serve as a maker of Sertoli cell function in 
patients with varicocele. It is observed that serum 
inhibin B levels tend to be positively correlated with 
sperm concentration in some patients, 50.151 In com- 
parison, it is more consistently observed that 
men!52:153 and adolescents!>+ with varicocele have 
elevated gonadotropic hormones such as follicle-stim- 
ulating hormone (FSH). In addition, excessive 
gonadotropin (in particular FSH) response to 
gonadotropin-releasing hormone (GnRH) is seen in 
some adolescents with varicocele. In one study,!°° it 
was observed that 31% of adolescents with a unilat- 
eral varicocele had an abnormal response to GnRH 
stimulation, and 75% of those with testicular 
hypotrophy of >3 ml differential had an abnormal 
response. However, it should be noted that 54% of 
those who did not have elevated FSH and luteinizing 
hormone (LH) in response to GnRH stimulation also 
had hypotrophy. Aragona et al!56 observed a correla- 
tion between abnormal testis histology and an exag- 
gerated response to GnRH. This abnormal GnRH 
response appears to be limited to those patients at 
Tanner stage V. Approximately 40% of the Tanner 
stage V patients had an exaggerated response to 
GnRH, whereas those patients with Tanner stages HI 
and IV had no difference in LH or FSH response to 
GnRH.!*” Unfortunately, the use of GnRH as a pre- 
dictor for the need for surgery is limited, since it does 


not correlate with the grade of the varicocele, testicu- 
lar hypotrophy, or fertility.157-158 

Since 98% of the testicular mass is composed of 
seminiferous tubules and germinal cells, it is not sur- 
prising that the histologic, deleterious effects of varic- 
ocele may be seen grossly by changes in testicular 
volume. The average size of the testis in an adult male 
is 24 + 3 ml. Normally, there is no more than 2 ml 
difference. It has long been noted that the ipsilateral 
testis of patients with a unilateral varicocele can be 
significantly smaller than the contralateral side.5? It 
should be noted, however, that in adult men, 
although a varicocele can cause significant ipsilateral 
testicular atrophy/hypotrophy, there does not seem to 
be a correlation between loss of testicular volume and 
fertility status in men with a left varicocele. !© In ado- 
lescents, absolute changes in testicular volume cannot 
be used, since the testis is growing during puberty. 
Consequently, the percent volume loss compared 
with the right side is utilized. Like adult men, adoles- 
cents with a unilateral varicocele may have a signifi- 
cant amount of testicular volume loss. It remains a 
topic of debate as to what percentage of volume loss 
is considered significant (10% vs 25%).161-162 Never- 
theless, it has been observed that volume loss is seen 
in 34% of adolescents with grade II varicocele and 
81% with grade III varicocele.!** Several prospective 
studies!°,161,163 haye demonstrated that in adoles- 
cents the testicular volume either fails to increase or 
even decreases in the presence of the varicocele. 

The effects of the varicocele can also be seen in the 
semen quality. A ‘stress pattern’ can be observed in the 
semen of adults with a varicocele in approximately 90% 
of cases.!©+ These characteristic changes consist of sub- 
normal motility, an increase in immature forms, a shift 
from oval to tapered, and amorphous sperm forms.165 
These changes may worsen over time.!® In adolescents, 
varicocele is associated with impairment in sperm motil- 
ity and morphology, with no significant difference in 
sperm counts. 167 Surgical correction of the varicocele in 
adulthood!6*!”9 or in adolescence!®!!71-!73 results in 
improved semen parameters. In the only prospective 
study,!”4 only improvement in sperm concentration was 
noted in adolescents with a unilateral varicocele who 
underwent surgical correction. 

Several theories have been suggested for the etiol- 
ogy of how a varicocele induces these changes to the 
testis. It is speculated that these changes may be medi- 
ated by increased venous pressure or retrograde flow 
of toxic metabolites from the adrenal gland. Cur- 
rently, the most plausible theory is that a varicocele 
induces thermal damage to the testis. Intratesticular 
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temperature is normally maintained at approximately 
33-34°C. A countercurrent heat exchange between 
the blood coming down and the blood leaving the 
testis allows the testis to be maintained at a lower 
temperature. It is suggested that a varicocele disrupts 
this countercurrent heat exchange and induces testic- 
ular hyperthermia, which interferes with normal sper- 
matogenesis.!75 This theory has been demonstrated in 
animal models of varicocele (reviewed by Turner!”°). 
In primates,!7” dogs,!78 and rats,!7? partial ligation of 
the left renal vein results in varicosity of the left sper- 
matic vein and the pampiniform plexus. The surgi- 
cally created varicocele induces bilateral increases in 
testicular blood flow and temperature, resulting in 
decreases in intratesticular testosterone and sperm 
output. !76 These effects do not appear to be immuno- 
logically or neurologically mediated!8° 
reversed with varicocelectomy. 181-182 


and are 


Presentation and diagnosis 


The majority of adolescents who present with a uni- 
lateral varicocele are asymptomatic; pain or a dull 
nagging ache is the presenting symptom only in 
approximately 3% of the patients. 183 The varicocele is 
usually detected on a physical examination as a scrotal 
swelling/mass. To evaluate for the presence of a varic- 
ocele, it is essential to examine the patient standing up 
and then performing the Valsava maneuver. In addi- 
tion, the testes should be carefully evaluated for their 
size and consistency. Several methods of testicular 
measurements, including calipers, 
orchidometers, and US, have been employed. Mea- 
surement using orchidometers such as the Prader or 
Rochester (Takihara) is readily available and inexpen- 
sive; however, the accuracy of the measurement is 
highly dependent upon the experience of the exam- 
iner. In comparison, measurement using testicular US 
is better correlated with actual testicular volume!8*!85 
but is more costly. Another advantage of using US in 
evaluating varicocele is its ability to pick up unex- 
pected pathology such as a retroperitoneal mass, 
intratesticular varicocele, or testicular mass. An intra- 
testicular varicocele is seen on scrotal Doppler US as 
an intratesticular anechoic lesion with active Doppler 
flow. It is found in association with traditionally large 
extratesticular varicoceles and has been shown to 
resolve following spermatic vein ligation.!8° 

When possible, a semen analysis should be 
obtained. Semen quality is a good indicator of testic- 
ular function in adults with varicocele. However, it 


rulers and 


should be noted that its use in adolescents with a 
varicocele has some potential limitations: often it is 
very difficult to obtain semen analysis in adolescents 
due to ethical concerns. In addition, normal semen 
parameters have not been well defined prior to sexual 
maturity; between 12 and 19 years of age, spermato- 
zoa are absent and semen parameters reach adult 
values 29-33 months after the onset of puberty.187 
Consequently, the interpretation of semen parameters 
is problematic in adolescents who are undergoing 
pubertal changes, and most practitioners do not rou- 
tinely obtain semen specimens. 

Serum measurement of FSH with or without 
GnRH stimulation may be potentially helpful in iden- 
tifying those patients with testicular dysfunction 
induced by a varicocele. However, as indicated previ- 
ously, elevation in FSH levels and abnormal GnRH 
responses do not always correlate with abnormal 
semen parameters or fertility. In addition, not all 
patients with testicular dysfunction have elevated 
FSH or abnormal response to GnRH. Consequently, 
their routine use in evaluating adolescents with varic- 
ocele is limited. 

In a very selected group of patients, further radio- 
logic imaging may be utilized in the evaluation of a 
varicocele. Internal spermatic vein venography can 
delineate the anatomy of the varicocele; however, it is 
costly and invasive. Its use tends to be limited to 
selected patients with recurrent varicocele!88 
during intraoperative evaluation.!8? Another method 
in the evaluation of a varicocele is the use of scrotal 
thermography to measure the scrotal tempera- 
ture.!°0,!91 Tt is suggested that the observed increase 


or 


in testicular temperature might identify those patients 
at risk for varicocele-induced testicular damage. 
Owing to a lack of correlation with outcome, this 
method is not in common use in the USA today. 
Color Doppler US may also be used to evaluate for 
the presence of a varicocele (Figure 73.7). It is able to 
define the number of dilated veins as well as the sever- 
ity of dilation. However, with these various radio- 
logic methods, many subclinical varicoceles can be 
identified (i.e. those that are not palpable on physical 
examination but are visualized with radiologic imag- 
ing.). Using contact thermography and venography, 
approximately 7% of those with a left-sided and 86% 
of those with right-sided varicocele are identified in 
the absence of findings on physical examination in 
adolescents who present for evaluation of a varico- 
cele.192 Because subclinical varicoceles are seen in 
approximately 60% of men attending fertility clinics 
but also in 40% of fertile men,!9*:!% the clinical rele- 


Hernia, hydroceles, testicular torsion, and varicocele 1285 


LT UPRIGHT 


LT UPRIGHT 


Figure 73.7 On ultrasonography (US), a varicocele can be identified by its ‘Swiss-cheese’ appearance (a). Doppler 


US can demonstrate retrograde flow in the varicocele (6). 


vance and therefore the importance of diagnosing 
subclinical varicoceles are highly debated. 


Treatment 


Since 15% of adult men have a varicocele but only 
20% of them have infertility, observation is a valid 
option in the management of patients with a varico- 
cele. The risk in observing these patients is that some 
of them may demonstrate deterioration in the semen 
parameters and may progress to infertility. Although 
surgical correction reverses these changes in at least 
50% of adult men, in others it does not, suggesting a 
potential for developing irreversible damage. Conse- 
quently, early surgical correction of adolescent varic- 
ocele has been advocated. This recommendation is 
based upon the assumption that adolescent varicocele 
is a progressive disease. In the only prospective longi- 
tudinal study in adults,!9° semen quality in men with 
untreated varicocele did not decline with time. How- 
ever, most of the men had a semen quality at baseline 
that was worse than that of the controls. In the two 
studies of adolescent varicocele,!73-174 the authors 
observed lower semen quality in those who under- 
went varicocele repair compared with those who were 
not treated. However, it should be noted that in the 
first study there was no sequential semen analysis and 
in the second, the untreated group had similar semen 
parameters compared with controls. In another 
study,!°° a group of adolescents with a unilateral 
varicocele was followed with serial examinations, with 
a mean follow-up between the first and second exam- 
inations of 16 months. There was neither an increase 
in varicocele grade nor a change in testicular volume 
differentials over time, suggesting that perhaps ado- 
lescent varicocele is not a progressive disease. How- 
ever, the limitations of this study are length of 
follow-up time and correlation with other parameters 


such as semen analysis. Currently, there are no con- 
vincing data supporting or refuting the premise that 
adolescent varicocele is a progressive disease. 

Consequently, with the goal of preserving fertility, 
it is important to identify those adolescents with 
varicocele who would benefit from early intervention. 
It is generally agreed upon that an indication for sur- 
gical intervention is for symptoms such as pain. 
Although an uncommon complaint, 80-90% of those 
patients who undergo varicocele repair will have res- 
olution of their symptoms.!*? In addition, those ado- 
lescents with bilateral varicoceles may benefit from 
surgery, since it is difficult to follow their testicular 
growth as both sides are affected. Similarly, in older 
patients with abnormal semen parameters on serial 
evaluation, surgical intervention would be indicated, 
allowing for potential improvement in semen para- 
meters172-173 and fertility, 197 

Other indications for varicocele repair in adoles- 
cents are more controversial. When semen analysis is 
not available, marked testicular volume differential is 
used as an indication for surgery. In adult men with a 
unilateral varicocele, testicular hypotrophy is associ- 
ated with decreased total motile sperm counts.!%8 
However, there does not appear to be a correlation 
between the loss of testis volume and fertility 
status.!©9 Nevertheless, surgical intervention does 
reverse the growth loss in adolescents with a unilateral 
varicocele.!67172-174 Although it remains unclear 
whether varicocele repair solely for the purpose of 
reversing testicular hypotrophy improves future fertil- 
ity potential, most would agree on this as an indica- 
tion for intervention, in the absence of semen analysis. 
Size (i.e. grade) of the varicocele has also been sug- 
gested as a potential indicator for surgical interven- 
tion. It was observed that in infertile patients with 
grade III varicocele, there was a greater improvement 
in sperm concentration and motility than in those 
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patients with grade I or II varicocele.!°? However, 
there was no difference in fertility rates in those with 
large or small varicocele who underwent repair.!9.2 
Consequently, the grade of the varicocele in itself is 
not predictive of the need for surgical intervention. 
Similarly, the finding of a ‘soft’ testis in association 
with the varicocele is not a strong indication for 
surgery. This finding is quite subjective and difficult 
to quantify; consequently, there is a lack of data of 
proven value for predicting the need for early inter- 
vention. Finally, parental and adolescent preferences 
often play a role in determining the treatment of 
varicocele: they may feel that surgery may be of some 
psychological benefits, restoring normal scrotal 
appearance and allowing them not to worry about 
potential future complications. 


Techniques of varicocele repair 


There are several techniques that can be employed in 
the treatment of a varicocele, including percutaneous, 
open, and laparoscopic approaches. With percuta- 
neous techniques, the dilated veins can be sclerosed 
with a chemical agent or occluded with coils or a bal- 
loon. Access can be obtained percutaneously in a ret- 
rograde manner via the femoral or jugular vein or in 
an antegrade manner via the varicocele itself.?°!.202 
The advantages of the percutaneous techniques 
include being less costly and having a shorter recovery 
time compared with open surgery. In older patients, 
these techniques can be performed under local anes- 
thesia, alleviating the need and risk of general anes- 
thesia. However, it should be noted that in 15-27% 
of the patients undergoing transvenous occlusion, the 
procedure could not be performed as a result of diffi- 
culties in reaching the varicocele.7° Potential compli- 
cations include extravasation of contrast material, coil 
migration, postprocedure hydrocele 
(11%), and recurrence (5%). 

Open surgical correction of varicocele has conven- 
tionally been the standard treatment of varicocele for 
many years. This treatment can be performed 
inguinally, retroperitoneally, or subinguinally. The 
Ivanissevich repair utilizes an incision in the inguinal 
region with the patient in reverse Trendelenburg 
position. The spermatic cord is exposed and mobi- 
lized in the inguinal canal. Under loupe magnifica- 
tion, all veins are ligated. The testicular artery, which 
may be dilated with warm saline or papaverine and 
identified visually or with Doppler US, can be spared 
or mass ligated with the veins. The advantage of this 
procedure is that it is easy to perform because of its 


formation 


anatomic familiarity and easy access to the cord. With 
this technique, there is a 3-8.6% incidence of hydro- 
cele postoperatively and a 16% recurrence rate in the 
treatment of adolescent varicocele. Both the hydrocele 
rate and the recurrence rate can be reduced using 
microscopic dissection. Sparing the artery decreases 
the risk of hydrocele formation by sparing the lym- 
phatic vessels surrounding the artery but increases the 
risk of recurrence from missed venous connections. 

The Palomo technique utilizes a muscle-splitting 
incision one-two fingerbreaths medial and anterior to 
the superior iliac crest and the same distance above 
the estimated position of the internal ring, providing 
access to the retroperitoneum. The vessels are identi- 
fied on the posterior aspect of the peritoneum; they 
may be better visualized by providing traction on the 
testis. As with the inguinal approach, the testicular 
artery can be ligated with the vein. The advantages of 
this technique are that above the inguinal canal there 
are fewer venous branches requiring ligation and that 
the vas and its associated vessels have separated from 
the rest of the cord, minimizing the risk of their 
injury. However, this approach is often more anatom- 
ically difficult and could miss scrotal or pelvic collat- 
erals feeding into the varicocele. The incidence of 
hydrocele postoperatively is approximately 7%. Simi- 
lar to that of the Ivanissevich repair, the rate of recur- 
rence is around 11-14% with sparing of the artery or 
2% by not sparing of the artery. Several studies? 
have demonstrated that ligation of the artery during 
Palomo repair can be safely performed and does not 
result in testicular atrophy. 

The subinguinal technique utilizes a low transverse 
inguinal incision to expose the cord below the exter- 
nal ring. The external oblique aponeurosis is opened 
and the testis is delivered out of the scrotum. Using 
an operating microscope, the artery and lymphatic 
vessels are identified and spared, while all the external 
spermatic veins and scrotal veins are ligated. By being 
able to identify and preserve the artery and lymphatic 
vessels, the incidence of postoperative hydrocele is 
very low (approximately 0.8%) with a 2.1% recur- 
rence rate.295 

Over the past decade, the laparoscopic approach to 
varicocele repair has gained in popularity. It can be per- 
formed with a transperitoneal or a preperitoneal 
approach. For the transperitoneal approach, an incision 
is made in the umbilicus and is extended down to the 
midline fascia. A pneumoperitoneum is created with a 
Veress needle or by the open Hassan technique. The 
abdomen is insufflated to 12-14 cmH,O. Two addi- 
tional ports are placed: one in the midline near the 
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Figure 73.8 On laparoscopy, the spermatic veins 
(arrow) can be easily identified in the retroperitoneum. 
Above the level of the internal ring, the vas and its ves- 
sels have separated away from the cord, minimizing its 
injury during the dissection. 


pubis and the second in between the other two. The 
position of the ports should allow the instruments to 
triangulate the work area. The patient is placed in steep 
Trendelenburg position to allow the bowel to move 
out of the pelvis. Collaterals can be accessed by com- 
pressing on the main vein and squeezing the testis26 
(Figure 73.8). The vessels are mobilized from the peri- 
toneum and ligated. The artery may be identified with 
a Doppler US and spared.?07 After the completion of 
the procedure, the abdominal pressure should be 
reduced and the area carefully inspected for bleeding. 
The advantages of this technique include a shorter 
postoperative convalescence due to avoidance of a 
larger inguinal or abdominal incisions, better visualiza- 
tion,?®? and the capacity to treat other associated prob- 
lems such as bilateral varicoceles or concurrent inguinal 
hernia.?°? The laparoscopic Palomo can be safely per- 
formed in patients who have undergone prior inguinal 
surgery without a risk of testicular atrophy.?!0 The dis- 
advantages include the requirement for general anes- 
thesia, the cost, and the potential for bowel injury, 
bleeding, and peritonitis. Using this technique, the 
incidence of postoperative hydrocele is approximately 
7% and the recurrence rate is 15%,.2!1-213 


Treatment of postoperative hydrocele and 
recurrence 


Esposito et al?!4 observed that the median incidence 
of postoperative hydrocele after varicocele surgery 


was about 12%. The incidence is higher after an 
artery non-sparing vs a sparing procedure (17.6% 
compared with 4.3%). Interestingly, no difference in 
postoperative hydrocele rate was observed between 
those surgeries performed by laparoscopic or by open 
techniques. Hydroceles are infrequently detected 
within 6 months of varicocele repair, generally occur- 
ring after 6 months up to 3 years following 
surgery.215 Total hydrocele regression occurs in 
approximately 80% of the patients following clinical 
observation or being treated with simple scrotal punc- 
ture.7!4 However, some patients may require open 
hydrocele repair. 

Recurrence following varicocele repair is usually 
noted several months after surgery.?!© A lower recur- 
rence rate is seen when performing mass ligation 
compared with artery sparing surgery.2°+!7 It is 
uncommon that recurrence is a result of delayed 
recanalization.?!© Reoperation is indicated when the 
indications for the original surgery persist. Intraoper- 
ative venography may be helpful in defining collater- 
als that were missed during the initial surgery. This 
can be accomplished by placing the patient in a 
reverse Trendelenburg position and making a small 
scrotal incision to expose the dilated veins. The vein is 
cannulated with an angiocatheter directed away from 
the testis. The catheter is then injected with 30% con- 
trast at a volume of 1 ml/kg body weight. After an X- 
ray is obtained, the vein is flushed with normal saline 
solution. It is generally recommended that the cord 
be approached at a higher level in order to ligate the 
missed collaterals. 
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Cryptorchidism 


Thomas F Kolon 


Introduction 


Cryptorchidism or undescended testes (UDT) is the 
most common disorder of the male endocrine glands 
in children. One-third of boys with true crypt- 
orchidism have bilaterally cryptorchid testes, whereas 
two-thirds are unilateral.-? The main reasons advo- 
cated for treatment of cryptorchidism are increased 
infertility in unilateral and bilateral cryptorchid 
patients, increased testicular malignancy rate, an 
increased risk of developing testicular torsion, injury 
against the pubic bone, and the psychological stigma 
of an empty scrotum. The current standard of therapy 
in the United States has been the surgical reposition- 
ing of the testis within the scrotal sac (orchidopexy), 
whereas hormonal manipulation has been more 
widely used in Europe. However, despite successful 
relocation of the testis, long-term sequelae of crypt- 
orchidism occur, including infertility, subfertility, and 
malignancy. 


Epidemiology 


The incidence of cryptorchidism is reported as being 
between 3.4% and 5.8% in full-term boys.!-? Sponta- 
neous descent may occur in the first 6 months of life. 
The prevalence decreases to about 0.8% in full-term 
infants and 10% in preterm infants, and remains there 
essentially throughout adulthood. A small increase in 
this prevalence in prepubertal boys (up to 7%) has 
been reported by several authors and may be due to 
observer error with retractile testes, testicular ascent, or 
previously unrecognized UDT in the high scrotal or 
superficial inguinal pouch regions.7~© An increase in 
UDT has been reported in the United States and South 
America during the 1970s and 1980s, but since 1985 
the rates have stabilized or declined in most countries.” 
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A number of obstetric risk factors have been sug- 
gested as possible risk factors for UDT, including 
advanced maternal age, maternal obesity, breech pre- 
sentation, cesarean section, low parity, consumption 
of cola-containing drinks during pregnancy, preterm 
birth, and low birth weight." Furthermore, 
hypospadias or a family history of cryptorchidism 
have also been associated with UDT.! Infants 
<900 g have approximately 100% incidence of UDT. 
This incidence steadily decreases as the birth weight 
of the infant increases (to 3.3% for 2700-3600 g 
infants). Similarly, the incidence is 30% for preterm, 
i.e. <37 weeks estimated gestational age (EGA), 
compared with 3.4% for full-term boys. The inci- 
dence of UDT is also directly related to the position 
of the meatus in boys with hypospadias. Up to 30% 
of infants with proximal hypospadias will exhibit con- 
comitant cryptorchidism compared with only 2.5-5% 
for distal hypospadias. Two-thirds of persistent UDT 
are unilateral and one-third are bilateral. In boys with 
unilateral UDT, the right testis is affected twice as 
often as the left. 


Gonadal development 


Proliferation and migration of primordial germ cells 
from the yolk sac into the mesonephric bodies begins 
in the 4th gestational week. By the 6th week the pri- 
mordial cell migration from the wall of the embryonic 
yolk sac along the dorsal mesentery of the hindgut to 
the genital ridge is completed. !4 These processes 
accelerate during weeks 5-6, forming the bipotential 
gonad that replaces the regressing mesonephric body 
by the end of the 6th week. Development of testicu- 
lar histology and endocrine function begins during 
the 7th gestational week and continues into adult- 
hood. It is characterized by four steps in maturation 
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Figure 74.1 Third step in maturation: differentiation of fetal gonocytes into adult dark (Ad) spermatogonia. GC = 
germ cell, G = gonocyte, LH = luteinizing hormone, LC = Leydig cell, TEST = testosterone. 


(two prenatal and two postnatal) prior to the final 
maturational changes at puberty. 

Differentiation of the bipotential gonad into the 
testis occurs under control of the SRY (sex-related 
gene on the Y chromosome) gene. In the first step in 
maturation, primordial germ cells enter the emerging 
testicular cords and differentiate into gonocytes. 
These gonocytes constitute the fetal stem cell pool of 
the germ cell line and lie in the center of the testicular 
cords. Human chorionic gonadotropin (hCG) stimu- 
lates fetal Leydig cell development, proliferation, and 
testosterone secretion. Gonocyte proliferation 
expands the fetal stem cell pool, whereas fetal Sertoli 
cells simultaneously differentiate and begin to secrete 
müllerian inhibiting substance (MIS). Masculiniza- 
tion of the mesonephric (wolffian) duct, para- 
mesonephric (miillerian) duct, and external genitalia 
begin. MIS causes regression of miillerian structures 
and testosterone causes development of the wolffian 
duct to form the epididymis and vas deferens. 1415 

In the second step in maturation, the level of hCG, 
number of fetal Leydig cells, and the level of testos- 
terone reach their peaks during the 13th week of gesta- 
tion. Gonocytes begin to migrate to the basement 
membranes of the seminiferous tubules and differenti- 
ate into fetal spermatogonia. Since they are stem cells, 
gonocytes can replenish their own numbers. Masculin- 
ization of the external genitalia and resorption of the 
paramesonephric ducts is completed. Maculinization of 
the mesonephric duct into the epididymis continues 
and the swelling of the gubernacula begins. Differenti- 
ation of fetal spermatogonia continues throughout fetal 


life. Canalization of the rete testis and mesonephric 
tubules begins in week 12 and is completed by puberty. 
Testicular descent occurs in the 7th month of gestation 
and depends on multiple factors discussed earlier. 

The third step occurs postnatally during the 2nd 
month after birth (Figure 74.1). By now the seminif- 
erous tubules contain numerous germ cells. Approxi- 
mately half are gonocytes and the rest are fetal 
spermatogonia. A surge in luteinizing hormone (LH) 
and follicle-stimulating hormone (FSH) levels stimu- 
lates proliferation of fetal Leydig cells, in turn causing 
a surge in testosterone. Some gonocytes attach to the 
tubule basement membrane and are transformed. A 
minority of gonocytes differentiate into adult dark 
(Ad) spermatogonia, whereas the majority undergo 
apoptosis and disappear, lowering the total germ cell 
number. Thus, the gonocyte fetal stem cell pool is 
replaced by Ad spermatogonia, making up the adult 
stem cell pool. The transformation and disappearance 
of gonocytes is normally completed by 6 months of 
age. The levels of gonadotropins and testosterone fall 
as fetal Leydig cells regress into inactive juvenile Leydig 
cells. Some Ad spermatogonia mature into adult pale 
(Ap) spermatogonia. Fetal Sertoli cells mature into Sa 
Sertoli cells. This third step is extremely important 
since the transformation of the fetal stem cell pool into 
the adult stem cell pool (Ad spermatogonia) is a pre- 
requisite for future maturation of the testis. 

At approximately 5 years of age, the fourth impor- 
tant maturational step commences with the onset of 
meiosis. Simultaneous transient peaks of LH, number 
and size of juvenile Leydig cells, and testosterone 
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Figure 74.2 (a) Descended testis biopsy showing adult dark ( 


(6) Cryptorchid testis biopsy showing paucity of Ad spermatogonia and persistence of fetal gonocytes with an adult 
pale (Ap) spermatogonium. 
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occur. The increased testosterone stimulates an 
increase in Ad spermatogonia and the total germ cells. 
It also triggers the maturation of the mitotic Ad sper- 
matogonia into primary spermatocytes that are germ 
cells in prophase of the first meiotic division. Sa Ser- 
toli cells mature into Sb Sertoli cells. 

Final germ cell maturation at puberty depends on 
adequate completion of the two prepubertal develop- 
mental milestones. The pubertal surge in LH and 
FSH stimulates the inactive juvenile Leydig cells to 
multiply and mature into adult Leydig cells. They 
produce the high pubertal surge in testosterone that 
triggers the final maturation to secondary spermato- 
cytes, early and late spermatids, and sperm. Sertoli 
cells undergo their final maturation into Sc Sertoli 
cells. Complete spermatogenesis is usually accom- 
plished by 13-15 years of age. 

In the cryptorchid testis, the number of Leydig cells 
is decreased and they appear atrophic (Figure 74.2). In 
the first 6 months of life, the total number of germ cells 
is within the normal range in cryptorchid testes; how- 
ever, the number of spermatogonia remains low and 
does not increase with age. This gives evidence for the 
lack of transformation of gonocytes into Ad spermato- 
gonia in the cryptorchid testis. The normal postnatal 
development of Leydig cells and germ cell transforma- 
tion parallels the normal gonadotropin and resultant 
testosterone surge around 60-90 days of life. 16 


Etiology 


Despite the relatively frequent incidence of cryp- 
torchidism, the etiology and molecular markers of 


future fertility or malignancy remain obscure.!3 


Cryptorchidism is a well-known manifestation of 
chromosomal abnormalities and a common compo- 
nent of over 50 syndromes of multiple congenital 
anomalies.!” Cryptorchidism, when associated with 
other congenital anomalies like hypospadias, has a 
higher incidence of chromosomal anomalies 
(12-25%) than when it occurs as an isolated defect 
(3-4%).18-21 However, at present, there is no consis- 
tent chromosomal disorder associated with isolated 
cryptorchidism. 

Cryptorchidism accompanies defects in every 
intrinsic step of the hypothalamic—pituitary—testicu- 
lar—-end organ axis as well as defects in extrinsic path- 
ways that affect the axis such as extratesticular 
cholesterol synthesis, adrenal steroidogenesis, placen- 
tal ‘insufficiency, and maternal or environmental 
endocrine disruptors. Hypogonadism results from 
defects in the hypothalamic—pituitary—testicular axis 
and is characterized by cryptorchidism, hypospadias, 
small penis, chordee, minor scrotal anomalies, 
inguinal hernia, hydrocele, and epididymal anomalies. 
Huff et al proposed a cryptorchidism sequence, since 
over 70% of examined cryptorchid boys had one or 
more of these late defects of masculinization associ- 
ated with the endocrinopathy of hypogonadism. He 
classifies the multiple conditions upstream from 
cryptorchidism into errors of blastogenesis, organo- 
genesis, sexual differentiation, and late masculiniza- 
tion; the cascade of events downstream from 
cryptorchidism are testicular atrophy, microlithiasis, 
intrauterine torsion, Sertoli cell nodules, and, most 
importantly, germ cell maldevelopment. The abnor- 
mal proliferation and maturation of germ cells in 
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cryptorchidism leads to an overall decrease in total 
germ cell counts and loss of the adult stem cell popu- 
lation. These alterations in germ cell maturation and 
proliferation produce the most important tertiary 
abnormalities of the sequence: subfertility and testic- 
ular neoplasia.?? 

Several case series of the familial occurrence of crypt- 
orchidism have demonstrated that a heritable compo- 
nent exists.2*?7 Furthermore, large epidemiologic 
studies have shown a consistent pattern of inheritance 
for isolated cryptorchidism. Of boys with UDT, 4.0% 
of their fathers and 6.2-9.8% of their brothers also had 
undescended testes.?*.28 Elert et al conducted a study 
to examine the frequency of a positive family history 
and to calculate the risk for the newborn male boys to 
have an UDT. They concluded an overall risk of 3.6- 
fold over the general population, if a family member 
was affected.2? This compares with a 1-3% incidence 
of cryptorchidism in the general population.! These 
inheritance patterns are consistent with a multifactorial 
etiology of cryptorchidism. Based on murine gene 
knockout models, some of the candidate genes 
involved in cryptorchidism are homeobox (HOX), cal- 
citonin gene-related peptide (CGRP), insulin-like hor- 
mone (INSL3), G-protein-coupled receptor affecting 
testis descent (LGR8 or GREAT), androgen receptor 
(AR), and the estrogen receptor 1 (ESRI) genes. 


Androgen influence 


Hutson has proposed that testicular descent occurs in 
two phases. The initial transabdominal aspect may be 
controlled by MIS.%° The inguinoscrotal descent 
appears to be androgen-dependent and is mediated 
indirectly through the release of CGRP. Androgens 
act on the genitofemoral nerve (GFN), which is sexu- 
ally dimorphic and releases CGRP upon stimulation, 
producing rhythmic contractions of the murine 
gubernaculum. Hutson et al found two rodent 
models of cryptorchidism to have deficiencies of 
CGRP in the GEN (the tfem mouse and the rat pre- 
natally exposed to antiandrogen). Alternatively, Huff 
has proposed that there is only a transinguinal phase 
of testis descent; this is based on a pathologic exami- 
nation of human fetal specimens at the Carnegie Col- 
lection of Human Embryos.*! After gonadal 
formation, the formerly suggested ‘transabdominal 
migration’ is actually a single position where the 
abdominal testis ‘appears to descend’ due to the 
unfolding of the human embryo around 8-9 weeks of 
gestation, as it moves from the embryonic to the fetal 
stage of development. 


Inguinoscrotal descent is blocked in mice with 
complete androgen resistance (testicular feminiza- 
tion) where the AR gene has been knocked out.°-3? 
Deletions and mutations may cause structural changes 
in the AR, altering its function.3* Up to 50-70% of 
male pseudohermaphroditism, which 
hypospadias and cryptorchidism, is due to AR gene 
disorders (androgen insensitivity syndrome - AIS), 
which suggests a role for androgens in this develop- 
mental process.*+35 The majority of AR gene muta- 
tions identified are in the DNA-binding (exons 2-3) 
and ligand-binding (exons 5-8) domains. However, 
the same mutation can result in a different or even a 
normal phenotype in members of the same 
family.*°37 It appears that phenotypic variations in 
families affected by partial AIS are modulated by fac- 
tors other than or in addition to point mutations of 
the AR gene. Furthermore, the role of the AR gene 
mutations in isolated forms of hypospadias or crypt- 
orchidism is unclear. It is a definite yet uncommon 
cause of hypospadias, but has not yet been identified 
in isolated cryptorchidism.?!38+0 

Exon 1 of the AR gene contains the transactivation 
domain and encodes polymorphic glutamine (CAG) 
repetitive sequences. The CAG repeat length ranges 
from about 15 to 30 units in controls, exhibiting 
ethnic variability.4! Within this spectrum, the CAG 
length influences AR function, providing enhanced 
androgen action with a shorter repeat length and 
decreased function with a longer length.4” Mutations 
in a series of cytosine-adenosine-guanine (CAG) 
trinucleotide repeat sequences located at a polymor- 
phic region in exon 1 of the AR gene have been linked 
to an X-linked neuromuscular disease termed spinal 
bulbar muscular atrophy or Kennedy’s disease.*? 
These affected men display subtle signs of androgen 
resistance such as gynecomastia, testicular atrophy, 
and reduced fertility. Increased AR CAG length has 
also been related to male infertility through defective 
spermatogenesis, although others have found conflict- 
ing results.444¢ Within the normal polymorphic 
range, an expansion of the CAG tract decreases the 
AR activity and may be associated with cryp- 
torchidism and/or infertility. Casella et al have seen an 
increased CAG length when both cryptorchidism and 
hypospadias are present.?° Ogata et al reported an 
abnormally expanded CAG length in a boy with 
undermasculinized genitalia, but later concluded that 
CAG expansion is not likely to be a major cause of 
cryptorchidism.4748 Ferlin et al analyzed CAG and 
GGC exon l repeat lengths in 105 formerly 
cryptorchid men compared with 115 fertile non- 
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cryptorchid men.*? No difference was found when 
considered separately but some combinations of 
repeat lengths are significantly more frequent in men 
with bilateral UDT in a manner similar to findings in 
idiopathic infertile males. 


Estrogen influence 


The ESRI gene is a potentially important candidate 
gene for UDT. Yoshida et al performed ESRI analy- 
sis in 63 cryptorchid boys and 47 controls by screen- 
ing 30 single nucleotide polymorphisms (SNP) in the 
gene.” They found a significantly higher polymor- 
phism frequency of an AGATA haplotype within the 
intron in cases vs in controls (34% vs 21%), and the 
association of the haplotype with UDT was signifi- 
cant in a recessive mode (p = 0.006). The investiga- 
tors speculate that this SNP enhances ESRI signaling. 
Thus, excessive estrogenic effects may decrease 
expression of INSL3 in Leydig cells, affecting the 
development of the gubernaculum, and therefore, tes- 
ticular descent. Furthermore, excessive estrogenic sig- 
naling may suppress gonadotropin production and 
the steroidogenic capacity of Leydig cells, resulting in 
androgen deficiency. Fetuses with excessive estrogen 
exposure, owing to allelic variants in the ESRI gene, 
as well as reduced testosterone levels, owing to in- 
utero exposure to phthalates, might have elevated 
estrogen:androgen ratios and be at risk for developing 
UDT. 


INSL3/GREAT genes 


Several investigators have examined the role of 
Leydig insulin-like hormone as a putative trophic hor- 
mone of the first part of testicular descent. It is a 
member of the insulin hormone superfamily and is 
expressed in the developing testis. Mice mutant for 
Insl are viable but exhibit bilateral cryp- 
torchidism.?55152 These mice have developmental 
abnormalities of the gubernaculum and abnormal 
spermatogenesis and infertility. However, in a 
manner similar to the AR gene, mutations of the 
INSL3 gene in humans are infrequent.55 The 
GREAT gene is also highly expressed in the guber- 
naculum. Mutations in this gene have been associated 
with cryptorchidism in the mouse and rarely in the 
human.°®°7 The ligand for the GREAT gene has been 
identified as the INSL3 peptide. ©? Screening of 
approximately 700 patients with UDT for allelic vari- 
ants in INSL3 yielded several mutations, only one of 
which (P49S) reduced INSL3 binding to GREAT.*! 
Mutation analysis of the GREAT gene revealed a 


single mutant T222P allele found in 3% of patients 
and no controls.57-©° The mutant allele produces a 
non-functional receptor unable to respond to ligand 
stimulation in vitro.” Thus, in some patients it 
appears that an abnormal gubernaculum plays a role 
in the testicular maldescent. These genes may work in 
concert to help control testis development and migra- 
tion, but mutations involving these two genes do not 
represent a frequent cause of UDT in humans. 


Homeobox genes 


Homeobox (HOX) genes play a key role in the mor- 
phogenesis of segmental structures along the ante- 
rior—-posterior body axis.°? These genes act as master 
regulatory switches or transcription factors that spec- 
ify axial identity and control the growth and differen- 
tiation of cells related by position. Murine /oxal0 
knockout male mice exhibited bilateral crypt- 
orchidism with developmental abnormalities of the 
gubernaculum and resultant abnormal spermatogene- 
sis and infertility.°*.° Similarly, mice homozygous for 
hoxall deletions are also infertile and crypt- 
orchid.27°> Hormonal disruption was probably not 
the cause of UDT in these knockout mice, as they 
appeared normally masculinized. In-situ hybridiza- 
tion for /oxa10 transcripts in wild-type mice indicate 
this gene is expressed in the gubernacular cord and 
bulb, but not in other tissue of the male reproductive 
tract.°? Branford et al®* found that the reproductive 
tracts of hoxal0 or hoxall single heterozygous 
mutants were normal but male transheterozygotes 
(hoxal0t and hoxall+) displayed UDT and twisting 
of the ductus deferens, similar to what is seen with the 
knockouts of these genes. Hoxal0 and hoxall appear 
to be functionally redundant in the development of 
the male reproductive tract, such that a quantitative 
loss of any two hoxal0/hoxa11 alleles results in similar 
anomalies. 

Several human studies have been conducted to eval- 
uate the association between allelic variants in HOX 
genes and UDT. Allelic variants in exons 1 and 2 of 
the HOXA10 gene were evaluated in 16 controls and 
45 cases with UDT by Kolon et al.” In exon 1 of 
HOXA10, five missense mutations were found in five 
cases and one large deletion in another case out of 45 
boys studied, a statistically significant elevation in 
allelic variants in the UDT group compared with the 
controls. In a smaller study, Bertini et al®° examined 
exons l and 2 of HOXA10 for allelic variants in 18 
patients with UDT and 28 healthy controls. The same 
allelic variant was detected at similar levels in cases 


1300 Clinical pediatric urology 


and controls. Further evaluation should be carried out 
to fully characterize the role of these posterior HOX 
genes in abnormal testicular descent. Many other 
gene products have been targeted as being expressed 
in testicular differentiation (i.e. PAX5, SRY, SOX9, 


DAX1, MIS) but not specifically in crypt- 
orchidism.°7-68 
Hormonal factors 


It has been theorized that this spontaneous descent in 
infancy may occur as a result of the normal 
gonadotropin surge that occurs around 60-90 days of 
life.©?-7? Gendrel et al and Job et al reported blunting 
of this surge in boys with UDT that remain unde- 
scended in the first year of life.©9.70 They demon- 
strated a significant difference in the polynomial 
regression curves comparing the testosterone levels of 
persistently cryptorchid testes with those having 
delayed spontaneous descent. However, the positive 
predictive value that bilateral UDT will have abnor- 
mally low testosterone levels is only about 23%. In 
contrast, Barthold et al examined gonadotropin and 
testosterone, estradiol, inhibin B, leptin, and sex hor- 
mone-binding globulin in a cohort of cryptorchid 
boys. They failed to identify any significant differ- 
ences in hormonal levels in their cohort compared 
with controls.”4 

An endocrine disruptor is an environmental chem- 
ical that interferes with the production, transport, and 
metabolism of hormones in the body.”* Some of 
these agents have estrogenic activity, whereas others 
act as agonists and antagonists of androgens.7#7° 
Endocrine disruptors have been hypothesized to play 
a role in cryptorchidism, as androgens contribute sig- 
nificantly in the physiology of germ cell development 
and testicular descent. Several environmental chemi- 
cals have antiandrogenic effects in rodent models. 
Although these agents act by many different mecha- 
nisms, they all produce similar effects on the develop- 
ing male reproductive tract. At high in-utero doses, 
antiandrogens are associated with UDT and agenesis 
of the epididymis, whereas at lower doses hypospa- 
dias and decreased anogenital distances are seen. Boys 
exposed to the antiandrogenic effects of diethyl- 
stilbesterol in utero have an increased number of gen- 
ital abnormalities, including  cryptorchidism.”° 
Phthalate esters inhibit testosterone synthesis during 
fetal life and produce dose-related abnormalities of 
the male reproductive tract such as focal hyperplasia 
of fetal Leydig cells that persists postnatally, as well as 
agenesis of the gubernaculum.””~* In animal models, 


phthalates reduce cholesterol transport across the 
mitochondrial membrane, 
biosynthesis, and reduce expression of the insis 
gene S142 Animal research findings demonstrate a 
coordinated, dose-dependent reduction in expression 
of key genes involved in cholesterol transport and 
steroidogenesis, and a corresponding reduction in 
testosterone in fetal testes at low dibutyl phthalate 
(DBP) doses which do not produce male reproduc- 
tive tract anomalies.”” Similar studies have been car- 
ried out in adult rats to determine the pattern of gene 
expression in the proximal wolffian duct, which gives 
rise to the epididymis, following prenatal exposure to 
DBP. Changes in mRNA expression were observed in 
genes involved in testosterone biosynthesis and testic- 
ular descent, including the insulin-like growth factor 
pathway and the androgen receptor.®3 These alter- 
ations in expression of genes at phthalate doses that 
do not produce isolated UDT suggest that gene-envi- 
ronment interactions could occur in human popula- 
tions. It has been hypothesized that fetuses with 
susceptible genotypes exposed in utero to environ- 
mentally relevant doses of phthalates may be at the 
greatest risk for developing UDT. Findings with the 
phthalates are of particular concern because exposure 
is ubiquitous and phthalates are widely used in many 
products. The phthalate 
metabolites have been found in the urine samples of 
>75% of approximately 2550 participants in the 
1999-2000 National Health and Nutrition Examina- 
tion Survey (NHANES).848° Familial clustering of 
hypospadias and UDT among first-degree relatives 
has been suggested as evidence for a genetic compo- 
nent for these anomalies. However, another etiologic 
possibility is the role of exposure to environmental 
contaminants in familial clusters because of the high 


probability of shared exposures among first-degree 
86 
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relatives. 

These animal findings further advocate a multifac- 
torial and complex etiology of cryptorchidism. UDT 
is a variable and multifactorial phenotypic trait that 
probably involves several candidate genes as well as 
clinical (hormonal) and environmental risk factors 
rather than a causative single gene mutation. It is 
likely that a shift in the dynamic equilibrium of these 
factors is involved. 


Other factors 


Secondary cryptorchidism can occur after inguinal 
surgery, either as a result of scar tissue or the difficulty 
in diagnosing UDT in a young boy with a hernia. An 
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ascending testis is one that appeared descended at 
birth and later ascended. Reports suggest that an 
ascending testis has similar testis biopsy histology to a 
UDT.8” Yearly examination should occur in ques- 
tionable cases to identify a true UDT. 


Diagnosis 


History and physical examination 


A thorough history should include prematurity (inci- 
dence of UDT in premature boys is as high as 30%), 
maternal use/exposure to exogenous hormones 
(estrogens), lesions of the central nervous system 
(myelomeningocele), and previous inguinal surgery. 
Document a family history of cryptorchidism and 
other congenital anomalies, neonatal deaths, preco- 
cious puberty, infertility, and consanguinity. It is also 
important to know if the testes were ever palpable in 
the scrotum at the time of birth or within the first year 
of life. Testicular retraction, due to a strong cremas- 
teric reflex, is most apparent between 4 and 6 years of 
age and may lead to an inaccurate diagnosis of 
UDT: 

An undescended testis can be classified by its loca- 
tion. It may be located in the abdomen, the inguinal 
canal, the superficial inguinal pouch, the upper scro- 
tum, or rarely ectopic (perineum, contralateral scro- 
tum, or femoral). However, for treatment purposes, 
the main distinction that needs to be made is whether 
or not the testis is palpable. 

The patient should be examined supine in the frog- 
leg position with both legs free. With warmed hands, 
check the size, location, and texture of the contralat- 
eral descended testis (CDT). Begin examination of 
the UDT at the anterior superior iliac spine and 
sweep the groin from lateral to medial with the non- 
dominant hand. Once the testis is palpated, grasp it 
with the dominant hand and continue to sweep the 
testis toward the scrotum with the other hand. With 
a combination of sweeping and pulling, it is some- 
times possible to bring the testis to the scrotum. 
Maintain the position of the testis in the scrotum for 
a minute, so that the cremaster muscle is fatigued. 
Release the testis and, if it remains in place, it is a 
retractile testis. If it immediately pops back to a pre- 
scrotal position, it is a UDT. 

For the difficult-to-examine patient (chubby 6 
month-olds or obese youths), the sitting cross-legged 
position or the baseball ‘catcher’s position’ can also 
help relax the cremaster muscle. Wetting the fingers 


of the non-dominant hand with lubricating jelly or 
soap can increase the sensitivity of the fingers in pal- 
pating the small, mobile testis. 

A retractile testis is often confused with a UDT. 
The key to distinguishing a retractile testis from a 
UDT is demonstrating that the testis can be delivered 
into the scrotum. The retractile testis will stay in the 
scrotum after the cremaster muscle has been over- 
stretched, whereas the low UDT will immediately 
pop back to its undescended position after being 
released. If there is any question, the child should be 
seen in follow-up for a repeat examination. Miller et 
al have also recommended the use of hCG stimulation 
to help distinguish between a retractile and an unde- 
scended testis in the hard-to-examine child.’ 

An atrophic or vanishing testis can be found any- 
where along the normal path to the scrotum. The eti- 
ology is thought to be due to neonatal vascular 
ischemia, possibly due to torsion.8? The CDT may be 
hypertrophied in these boys, but this is not a reliable 
diagnostic sign. 

Upon surgical exploration, 60-80% of non-palpa- 
ble testes are present in the inguinal canal or in the 
intra-abdominal location, whereas up to 40% are 
absent or an inguinoscrotal nubbin of fibrous tissue 
and hemosiderin. Presence of bilateral UDT should 
raise suspicion of an endocrine disorder or an intersex 
state that should be evaluated. Cryptorchidism associ- 
ated with hypospadias, especially proximal, should 
also raise the possibility of the intersex state and 
occurs in 30-40% of the patients, mainly consisting 
of defects in the testosterone synthesis pathway.”? 


Laboratory tests 


In boys with unilateral or bilateral UDT where one 
testis is palpable, no further laboratory evaluation is 
necessary to aid the diagnosis. In boys with bilateral 
UDT where neither testis is palpable and also in boys 
with associated hypospadias, chromosomal and 
endocrinologic evaluation may be carried out but is 
not always necessary. !? These levels should be drawn 
during the maternal newborn gonadotropin surge or 
at 60-90 days of life. In patients <3 months with 
bilateral non-palpable UDT, LH, FSH, and testos- 
terone levels will help determine whether the testes 
are present; >3 months of age, an hCG stimulation 
test will aid in the diagnosis of the absent testes. A 
weight-based single injection of hCG (100 IU/kg) is 
usually sufficient to detect a rise in serum testosterone 
4-5 days later.?! A failure to see a measurable increase 
in testosterone in combination with elevated LH and 
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FSH is consistent with the diagnosis of anorchia.?2>93 


Miillerian inhibiting substance may be a more sensi- 
tive and specific prepubertal marker for detecting the 
presence of testes. Lee et al found that serum MIS 
correlates with testicular tissue. A measurable value is 
predictive of non-palpable UDT, whereas an unde- 
tectable value is highly suggestive of anorchia but 
warrants further investigation such as hCG stimula- 
tion.** Both MIS and testosterone levels may be mis- 
leading in cases of UDT with intersex if the testes are 
severely dysgenetic or if there is a mutation of the 
antimiilerian hormone or receptor genes. 


Imaging 


Ultrasound, a computed tomography (CT) scan, and 
magnetic resonance imaging (MRI) can detect testes 
in the inguinal region, but this is also the region where 
they are easily palpable. The accuracy of ultrasound 
and CT falls to 0-50% in showing intra-abdominal 
testes in various series.” Hrebinko and Bellinger 
found that the most reliable mode of examination was 
the physical examination by a pediatric urologist 
(84%) compared with a referring physician (53%).?° 
The accuracy of the radiologic examination was 44% 
and the study did not influence the management deci- 
sion in any of the cases. However, Yeung et al 
employed gadolinium-enhanced magnetic resonance 
angiography (MRA) to identify 100% of canalicular 
UDT and 96% of intra-abdominal UDT (one missed 
vanishing testis).2° Eggener et al performed a hypo- 
thetical protocol of MRA with observation of testicu- 
lar nubbins and nearly one-third of the boys avoided 
surgery without any increased cost of care.?” Although 
MRA is currently expensive and requires sedation, it 
may prove to be the best diagnostic tool. Clearly this 
technique requires further prospective evaluation. 
Currently, for non-palpable testes, examination under 
anesthesia, open inguinal exploration, or laparoscopy 
is necessary to confirm the presence of testes. 


Treatment 


Hormonal therapy 


Primary hormonal therapy with hCG or 
gonadotropin-releasing hormone (GnRH) or LHRH 
(LH-releasing hormone) has been used for many 
years, especially in Europe. The action of hCG is vir- 
tually identical to that of pituitary LH, although hCG 
appears to have a small degree of FSH activity as well. 
It stimulates production of gonadal steroid hormones 


by stimulating the Leydig cells to produce androgens. 
The exact mechanism of action of the increased 
androgens in testicular descent is not known but it 
may involve effects on the testicular cord or cremaster 
muscle. This medication is administered by intramus- 
cular injection. Multiple series have been published, 
but because of differences in patient age, treatment 
schedules, and possible inclusion of retractile testes, 
very divergent results have been reported. 

Many dosage schedules are reported, ranging from 
3 to 15 doses.?8®-100 However, hCG appears to be as 
effective in 3 or 4 doses vs 9 or 10 doses. One of the 
most common schedules is 250 IU/dose in young 
infants, 500 IU/dose up to 6 years old, and 
1000 IU/dose greater than 6 years given twice a week 
for 5 weeks (International Health Foundation). Suc- 
cess rates for descent into the scrotum are 25-55% in 
uncontrolled studies, but only 6-21% in randomized, 
blinded studies. Distal inguinal testes in older boys 
are more likely to descend in response to hormonal 
treatment than abdominal testes. Repeated courses 
have offered little advantage. Side effects of hCG 
treatment include increased scrotal rugae, pigmenta- 
tion, pubic hair, and penile growth, which regress 
after treatment cessation. A total dose of more than 
15 000 IU must be avoided, since it may induce epi- 
physeal plate fusion and retard future somatic growth. 

Agonistic analogues of GnRH, such as nafarelin or 
buserelin, stimulate the release of the pituitary 
gonadotropins LH and FSH, resulting in a temporary 
increase of gonadal steroidogenesis. Repeated dosing 
abolishes the stimulatory effect on the pituitary gland 
and twice-daily administration leads to decreased 
secretion of gonadal steroids by 4 weeks. These hor- 
mones are available as a nasal spray but are only 
approved for the treatment of cryptorchidism in 
Europe. Interpretation of results is again tainted by 
multiple treatment strategies. Success rates in uncon- 
trolled studies range from 13 to 78%, whereas better- 
controlled investigations resulted in 6-38%,101102 
Rajfer et al conducted a randomized, double-blind 
study comparing hCG 3300 IU/week for 4 weeks 
with GnRH spray 200 ug six times a day for 4 weeks. 
Descent into the scrotum occurred in 6% of the hCG 
group and in 19% of the GnRH group.) Several 
authors have recommended combined GnRH-hCG 
hormonal treatment. Lala et al administered LHRH 
1.2 mg/day for 4 weeks and non-responders also 
received hCG 500 IU three times a week for 3 weeks. 
After combined treatment, 38% of testes 
descended.!92. Bica and Hadziselimovic treated 
patients with a low dose of buserelin 20 ug as a daily 
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spray for 28 days followed by hCG for failures; 26% 
of the testes descended with the spray alone, while 
hCG increased the descent to 37%.!93 Hadziselimovic 
et al advocated initial treatment with GnRH spray 
400 ug three times a day into each nostril for 4 weeks 
followed by salvage treatment for failures with hCG 
1500 IU/week for 3 weeks. A success rate of 56% 
with GnRH was increased to 65% with the addition 
of hCG.104 

The recognized side effects of increased androgens, 
including increased penile or testicular size, scrotal 
erythema, or erections, seem to be less with GnRH 
than hCG. Initial treatment with GnRH may deserve 
some consideration since it is administered as a spray 
rather than an injection. Even in 20% of patients, it 
may aid descent in more distal testes, make intra- 
abdominal testes palpable, or help differentiate retrac- 
tile from true undescended testes. Hormonal therapy 
may also have prophylactic value.! It has been 
shown that use of an LHRH analogue in boys with 
very severe histologic changes in the testis — total 
germ cell count <0.2 germ cells/tubule in UDT and 
<0.6 germ cells/tubule in CDT — has an advanta- 
geous effect on the developing germ cells. In a study 
by Huff et al, patients who had no germ cell count on 
the biopsy did not show improvement after hormonal 
therapy but those who had some germ cells demon- 
strated improvement.!°° This improvement in germ 
cell count and maturation may eventually reflect a 
better prognosis for fertility. Furthermore, Hadzise- 
limovic and Herzog showed that men who were 
treated in childhood with hormones had better semen 
analyses than men who had childhood orchidopexy 


alone or placebo treatment. !97 


Long-term prognosis 


Patients with cryptorchidism have two major con- 
cerns: they have an increased incidence of developing 


testicular cancer and also a heightened risk of subfer- 
tility, 108-110 


Testicular malignancy 


Cryptorchidism has been positively related to testicu- 
lar cancer but the increased incidence of malignancy 
in cryptorchid testes varies from 49/100 000 (0.05%) 
to 12/1075 (1%).!10!1! Early reports stated a signifi- 
cantly higher risk of carcinoma in an abdominal testis; 
however, inclusion of boys with abnormal karyotypes 
or genitalia may have skewed the results.112-113 
Although one postulate is that the etiology of the tes- 


ticular cancer is related to the abnormal position of 
the testis, the mild increase in cancer in the contralat- 
eral descended male argues for an intrinsic testicular 
abnormality as the cause. The increase in incidence of 
malignancy in cryptorchid testis warrants close 
follow-up, especially after puberty. Every cryptorchid 
boy should be taught how to perform a monthly tes- 
ticular self-examination in order to try to enable early 
detection. Parents should be made aware of the fact 
that orchidopexy does not necessarily decrease the 
risk for testicular cancer. 


Fertility 


Formerly bilaterally cryptorchid men have greatly 
reduced fertility compared with unilateral cryp- 
torchids and the general male population. Lee et al 
showed a paternity rate of 62% (38% infertile) in for- 
merly bilaterally cryptorchid men compared with a 
matched control group of 94% (6% infertile), indi- 
cating a six times increased risk.!!4 In contrast, uni- 
laterally cryptorchid men had a paternity rate of 
89.5%. Although this represents a twofold increase in 
infertility, this rate is similar to the level of infertility 
found in other studies of the general population. 
Examination of subfertility, or time to pregnancy, 
shows that bilaterally cryptorchid men have greatly 
increased waiting times to pregnancy (33.9 months 
compared with 11.1 months for unilaterals and con- 
trols). Lee et al also examined the association of pre- 
treatment testis location with fertility rates and 
various hormone levels (inhibin B, LH, FSH, testos- 
terone) in adulthood.!!5 They concluded that ‘preop- 
erative testis location in men with previous unilateral 
cryptorchidism is not a major determinant of fertility 
according to paternity, sperm count, or hormone 
levels.” A prepubertal Ad spermatogonia count or 
other as yet unidentified molecular markers may be 
more useful indicators of fertility (and paternity) in 
these patients. Further investigation is needed con- 
cerning sperm motility, morphology, and function. 


Summary 


Research efforts to define the pathophysiology of 
cryptorchidism and its sequelae have rapidly advanced 
in the past 10 years. Surgical techniques have been so 
refined that today 6-month-old cryptorchid boys are 
repaired with great success. Further studies will be 
aimed at identifying those boys that are at increased 
risk for future infertility or malignancy in order to 
intervene early and change their outcome. 
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Introduction 


The undescended testis is commonly encountered in 
the general practice of urology and pediatrics, 
whereas the non-palpable testis accounts for 20% of 
all undescended testes. Testes may be non-palpable 
when they are intracanalicular and never emerge 
beyond the external ring or when they are located 
intra-abdominally; they can also be atrophic, dysge- 
netic, or absent (Table 75.1).! 

The best time to make the diagnosis of an unde- 
scended testis is in the newborn, since the cremasteric 
reflex is absent or significantly diminished early on in 
life. The absence of large amounts of fat makes it 
easier to feel a testis at this time. The vast majority of 
testes that have not descended by 3-6 months of age 
in full-term infants are unlikely to descend sponta- 
neously. Wenzler et al? have shown that only 6.9% of 
all undescended testes seen before 1 year of age will 
spontaneously descend. Of this group, none 
descended after the child was 6 months of age. Spon- 
taneous descent is possible in the premature infant 


Table 75.1 Non-palpable testes: compilation of six 
series 


References No. of Non-palpable testes 
patients n (%) 
Campbell 176 33 (19) 
Tibbs 99 19 (19) 
Jones 500 102 (21) 
Scorer and 224 21 (9) 
Farrington 
Flach 2319 499 (21.5) 
lllig et al 112 20 (18) 
Totals 3430 694 (20) 


Data from Levitt et al.' 


until 3 months after term, so final judgment in pre- 
mature infants should be postponed accordingly. 

Of greater significance is the child who is 
monorchid or anorchid. They account for 33-45% of 
all children with non-palpable undescended testes.’ 
Proper diagnosis of this condition is essential for 
parent and child to make sure adequate protection is 


Table 75.2 Incidence of monorchism and anorchism among cryptorchid children 


References No. of patients Monorchism 
operated 
Gross and Jewett 988 27 
Curtis and Staggers 93 10 
Tibbs 108 12 
Bill and Shanahan 100 8 
Jones 500 183 
Abeyaratne et al 304 12 
2093 
Aynsley-Green et al 3722 Not stated 
Totals 5815 82/2093 (4) 


Data from Levitt et al.1 


Anorchism Monorchism or anorchism 
n (%) n (%) 

6 (0.6) 33 (3) 

0 10 (10.8) 
1 (0.9) 13 (12) 

0 8 (8) 

1 (0.2) 14 (3) 

4 (1.3) 16 (5) 

21 (0.56) 

33/5815 (0.6) 94/2093 (4.5) 
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afforded to the remaining testis. Monorchidism is 
most frequently due to in-utero torsion (IUT) or vas- 
cular accidents that occur during development and 
descent of the testis. True testicular agenesis is rare. 
Bilateral IUT or anorchia is also quite rare. It has 
been reported to occur in 0.6% of 5815 children and 
is estimated to occur in 1 of every 20 000 boys (Table 
75.2). 


Evaluation of the non-palpable testis 


The best tool to evaluate the non-palpable testis is a 
thorough physical examination in a calm child. Ultra- 
sound generally adds little to the evaluation in most 
instances. In an obese boy it is not unusual to not be 
able to palpate a testis that is sitting in the superficial 
inguinal pouch, and this is one instance where ultra- 
sound can be helpful. If nothing is clearly palpable, 
palpation over the pubic tubercle can reveal cord 
structures. The expression of pain during examination 
can be a reliable indicator of the presence of a testis in 
this area. 

Palpation of the scrotum is critical in that almost all 
atrophic testes lie either in the scrotum or its upper 
recesses.5-7 These nubbins are generally firm and pea 
sized and can be mistaken for fat and vice versa. 

The size of the contralateral testis is a useful adjunct 
to the evaluation of the non-palpable testis. This was 
first described by Koff in 1991.8 Unfortunately, there 
is quite a bit of overlap, making this an unreliable indi- 
cator of the need for exploration. This was confirmed 
by Huff et al? in 1992, who noted a wide range in 
standard deviations from 27 to 74% in testis size, even 
though there was a statistically significant difference in 
size. Their conclusion was that the volume of the con- 
tralateral testis is not a reliable criterion for differenti- 
ating an absent testis from an intra-abdominal testis. 
Hurwitz and Kaptein!® set about reproducing Koffs 
study, but this time they lowered the length of the soli- 
tary testis to 1.8 cm and found that in boys with uni- 
lateral non-palpable testis without contralateral 
enlargement only 50% were monorchid. It seems that 
some of the atrophic testes are larger, and might 
inhibit hypertrophy of the contralateral testis. The 
larger atrophic remnants can be predicted laparoscop- 
ically by the presence of a more prominent vessel 
noted entering the canal (Figure 75.1). Some unde- 
scended testes may produce less testosterone than the 
normal testis, leading to hypertrophy of the contralat- 
eral testis; thus, in all cases, one should proceed to 
orchidopexy or removal of the nubbin. 


Figure 75.1 Different appearances of internal ring in 
suspected in utero torsion (IUT). (a) Classical IUT with 
complete atrophy of vessels and resultant absent or 
small testicular remnant. (6) Normal appearance of the 
contralateral ring. (c) IUT with thin vessels. (d) Normal 
contralateral side. (e) IUT typically seen with larger 
remnants. (f) Normal contralateral side of (e). (g) Ring 
of suspected atrophic testis found on examination. The 
ring was closed but dimpling of the ring by invagina- 
tion of the processus vaginalis is indicative that this is 
not atrophy. (A) A small dysmorphic testis was found in 
the groin. 


Radiologic evaluation for the non-palpable 
testis 


Numerous techniques have been described to identify 
intra-abdominal testes. Pneumoperitoneography uti- 
lizing nitrous oxide, contrast peritoneography,!? 
aortography, selective angiography, and spermatic 
venography have all had their proponents.!*-!6 
Except in planning for autotransplantation, routine 
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perioperative laparoscopy has supplanted all invasive 
testing for the non-palpable testis. Ultrasonogra- 
phy,!”7?! computed tomography (CT) scanning,?? 
and magnetic resonance imaging (MRI)?*?° have 
had limited success. Gadolinium-infusion magnetic 
resonance angiography (MRA) has had a reported 
success rates of 100% in a small study involving 17 
non-palpable testes.?” Yeung et al?! reported a high 
success rate in 22 of 23 patients in which either a 
testis or nubbin was found utilizing this technique; 
the one missed case was a vanishing intra-abdominal 
testis. This is an encouraging result, but more reports 
of this technique will be necessary to verify its 
accuracy. 


The role of human chorionic gonadotropin 
administration for the non-palpable testis 


Numerous reports of the beneficial effects of human 
chorionic gonadotropin (hCG) stimulation leading to 
partial descent of an intra-abdominal testis have been 
published. This was noted in the Polascik et al? study 
in which 90% of viable testes descended to a palpable 
position, although 61% of the children still had non- 
palpable testes that required exploration. Theoreti- 
cally, this should obviate the need for laparoscopy if 
the testis is now palpable. Unfortunately, complete 
descent is only achieved in 2% of boys with an intra- 
abdominal testis. 

hCG stimulation has been said to have beneficial 
effects on testicular vasculature and to improve sur- 
vival of the testis after orchidopexy. There are, how- 
ever,?? inflammatory changes in the testis seen after 
hCG stimulation that might be beneficial or detri- 
mental. The fact remains that there are no controlled 
studies that support the contention that hCG stimula- 
tion improves the outcome of orchidopexy. 


Diagnostic surgical approach to the 
non-palpable testis 


Scrotal exploration for the management of 
the unilateral non-palpable testis 


Traditionally, the non-palpable testis has been 
explored via a groin incision.*! With the advent of 
laparoscopy and the recognition that the majority of 
testicular remnants are found below the level of the 
external ring, there has been a push to perform scro- 
tal exploration first to obviate the need for a groin 
incision. The data are now quite convincing that the 
majority of testicular nubbins are easily removed via 


this route; this accounts for 32-62% of boys with 
unilateral non-palpable testis.” Belman and Rushton 
have championed initial scrotal exploration and 
reserving laparoscopy for patients in whom testicular 
remnants are not found or in those who have a patent 
processus vaginalis. It is the author’s opinion that the 
only definitive sign of a true nubbin is greenish- 
brown discoloration associated with hemosiderin. 
This can be used as confirmation that the tissue that is 
being removed is truly the product of a torsion 
episode. If the surgeon does not identify the greenish- 
brown color of hemosiderin, then laparoscopy or 
groin exploration should be considered (see Figure 
75.1a,c,e). 

Whether nubbins need to be found and removed is 
cause for debate. Plotzker®2 reported viable tubular 
tissue in 3 of 23 nubbins removed at surgery. In the 
author’s series,? 6 of 50 nubbins had viable testicular 
tissue. Cendron et al?’ calculate a risk of 0-1.1% of 
cancer developing in these nubbins. This is based on 
finding no viable testicular tissue in these nubbins in 
a small series of 29 specimens. It has been our per- 
sonal experience that the vast majority of the nubbins 
are in the scrotum when found. Therefore, if by infer- 
ence these testes are not undescended, then theoreti- 
cally they are normal testis with no greater risk for 
malignancy than the contralateral side. 


The role of laparoscopy in the evaluation 
of the non-palpable testis 


In experienced hands, laparoscopy is capable of pro- 
viding nearly 100% accuracy in the diagnosis of the 
intra-abdominal testis with minimal morbidity; 
22-58% of patients do not have a viable testis at the 
time of open or laparoscopic exploration.*44? In 
2003, Barqawi et alf? found that in 18 of 27 patients 
in whom an incomplete open exploration had been 
performed, an intra-abdominal testis or nubbin was 
found at the time of laparoscopy. In a similar study 
out of England, 59% (13 of 22) of testes deemed 
absent by groin exploration were identified on 
laparoscopy, and 12 of 13 were intra-abdominal. 
Perovic and Janic* found 6 testes in 12 patients pre- 
viously explored via an inguinal incision. Boddy et 
al? report 10 of 13 identified in previously reported 
negative explorations. Certainly, inguinal exploration 
in experienced hands is not expected to produce these 
results, but it is apparent that open exploration for the 
non-palpable testis is not straightforward. Suggesting 
inexperience as a factor, some of these testes and nub- 
bins were intracanalicular or scrotal and missed at the 
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time of groin exploration. Kanemoto et alt found 
small nubbins missed at the time of groin exploration 
and detected at laparoscopy. Some clinicians suggest 
that if the ring is closed and atretic vessels and vas are 
seen entering the ring, then groin exploration is not 
necessary.4” Zaccara et al*® found that in 219 cases of 
non-palpable testis, there were 84 in which the ring 
was closed and the vessels were noted to be entering 
the ring (Figure 75.1g,h): in 21 of these where the 
vessels were large, 3 had a normal testis. In cases 
where the vessels were small and there was hypertro- 
phy of the contralateral testis, they did not explore. In 
the ones that did not have hypertrophy, 1 of 30 had a 
viable testis in the canal. 


Diagnostic inguinal exploration 


A thorough dissection to the internal ring should be 
carried out during inguinal exploration. If a hernia sac 
is encountered, tugging on the back wall can often 
draw the testis out of its abdominal position. If the 
testis is still not evident, a limited local exploration of 
the retroperitoneum should be performed by incising 
the internal ring and mobilizing the peritoneum. The 
vas may be identified on the posterior peritoneum and 
can be traced to its juncture with the spermatic ves- 
sels. If this exploration is unsuccessful, then the peri- 
toneum should be entered. The vas can be found on 
the back wall of the bladder. This can be traced dis- 
tally to the spermatic vessels. Within the canal, if it 
appears that there are blind-ending vessels, they 
should be followed to the point of divergence from 
the vas above the internal ring. Occasionally, the vasal 
vessels can be prominent enough to be mistaken for 
the spermatic vessels, thereby leading to the diagnosis 
of vanishing testis when there is really a looping vas 
and an intra-abdominal testis. The identification of 
spermatic vessels coursing up the retroperitoneum 
diverging from the vas signals the end of the search. 
Blind-ending vessels is the sine qua none of testicular 


absence. ! 


Diagnostic laparoscopy vs inguinal 
exploration 


Cisek et al*? suggested in their series of 263 non- 


palpable testis that the typical groin incision might 
have left the surgeon compromised in 66% of the 
cases compared with an approach optimized after 
laparoscopic testicular localization. Contrary to these 
findings, O’Hali et alë? conclude that groin explo- 
ration is the ideal means for exploring for the non-pal- 
pable testis. Their conclusion that the presence of a 


hernia sac was associated with a testis in all cases and 
should lead to abdominal exploration was enough to 
obviate laparoscopy. Unfortunately, there were 14 of 
19 cases of intra-abdominal testis when no hernia sac 
was noted. In our series, we have encountered many 
high testes with closed rings.5° Thus, the presence of 
a hernia sac is associated with an undescended testis in 
all cases (155 non-palpable testes), but absence of a 
hernia sac does not mean absence of an intra-abdom- 
inal testis. 

It is the author’s bias that laparoscopy is a more 
intuitive and accurate method of surgical diagnosis 
for the non-palpable testis, but the controversy per- 
sists. In the end, a thorough understanding of the 
anatomy of the non-palpable testis as well as the per- 
sistence to identify the testicular vessels will determine 
success. 


Techniques of orchidopexy 


Standard inguinal approach to the 
undescended testis 


The incision for a routine orchidopexy is performed 
in the skin crease just lateral and cephalad to the pubic 
tubercle. The incision is carried down to the external 
oblique fascia with care, since the testis is commonly 
found in the superficial inguinal pouch. If so, the 
testis is freed of the gubernacular attachments and the 
external oblique fascia is incised in the direction of the 
fibers (Figure 75.2a,b). If the testis is proximal to the 
external ring, it will be found after opening the exter- 
nal oblique fascia. The ilioinguinal nerve should be 
identified and preserved. The cord is dissected from 
the floor of the canal (Figure 75.2c). The internal 
spermatic fascia is then opened to separate the cord 
structures within this layer (Figure 75.2d). The 
hernia sac is found on the medial and anterior surface 
of the cord (Figure 75.2e). The more distal the dis- 
section, the larger the sac tends to be, thereby making 
isolation of the sac more difficult. The hernia sac can 
be opened and carefully dissected off the vessels and 
vas, utilizing a fine scissor, or the edges of the sac can 
be grasped with a mosquito clamp and the sac rolled 
off the cord. Complete dissection of the hernia sac is 
essential to prevent hernia recurrences, as well as to 
obtain length on the cord. If additional length is 
needed, the lateral fascial attachments can be taken 
down into the internal ring (Figure 75.2f). It is tran- 
section of these attachments that allows the high testis 
to reach the scrotum. In some instances a vessel trav- 
eling to the hernia sac is present and this will act as an 
impediment to the placement of the testis in the 
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(a) 


Internal ring 


Right angle clamp 


Cautery transecting 
these fibers 


Gubernacular fibers 


(0) 


The testicle and the spermatic cord, 
including the spermatic vessels, the vas 
and the hernia sac are freed up to the 
level of the internal ring 


The internal oblique muscle and the 
underlying transversalis being divided 
above the level of the internal ring 
utilizing the cautery on mode 4 


Continued 


Figure 75.2 Standard inguinal orchidopexy. For details, see text. 
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Stretch out the internal spermatic 
fascia to display the vas deferens 
and vessels 


Divide any taut 
residual bands 


Excise hernial sac 
if present 


Otherwise, excise 
processus vaginalis 


Free the vessels from the 
peritoneum as high as possible 


Lateral spermatic fascia 


Divide the fan of connective 
tissue lateral to them 
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Make a superficial 
scrotal incision 


Separate the skin from 
the dartos muscle 


Guide the testis through 
the hole in the dartos 


Continued 


1316 Clinical pediatric urology 


The testicle is positioned 
in the inferior portion of 
the dartos pouch 


scrotum. This vessel can be transected without reper- 
cussions. If necessary, the internal oblique muscle can 
be incised for 1-2 cm and dissection of the lateral 
investing fascia can be carried further into the 
retroperitoneum (Figure 75.2c). 

If after completing the dissection of the cord the 
testis still does not reach the scrotum, the floor of the 
canal can be incised and the testis brought on the lat- 
eral side of the epigastric vessels, or the epigastric ves- 
sels can be divided (Prentis maneuver) (Figure 
75.2g¢). Some feel that this maneuver may add 
5-10 mm of additional length to the cord. Care 
should be taken during the division of the floor of the 
canal, especially if the bladder is distended, as it is 
possible to inadvertently injure the bladder. 

Once adequate length has been achieved, fixation of 
the testis in the scrotum is accomplished within a sub- 
dartos pouch (Figure 75.2h). Avoid a pouch that is lat- 
erally placed, as this will yield an unsatisfactory result. 
A natural tendency but one which is incorrect is to 
follow the path of the ectopically located testis and use 
this to enter the scrotum to create the subdartos pouch. 
Instead, creating the neocanal along the base of the 


The spermatic cord is 
fixed to the rim of the 
opening in the dartos 


The incision is closed in 
two layers over the testicle 


penis will avoid the tendency to drift laterally and result 
in a poorly placed testis. With a finger in the scrotum, 
the location for the pouch is selected and an incision is 
made. The pouch is created using a tenotomy scissor, 
with the larger portion of the dissection directed infe- 
riorly. The pouch should be generous in size so that 
the testis can fit without excessive tension. A clamp is 
passed on the fingertip into the inguinal region and a 
portion of the cauda gubernaculum or a fixation stitch 
is pulled into the scrotum (Figure 75.2i). The testis is 
fixed in the scrotum using absorbable stay sutures at 
three points or, if a fixation stitch is used, this suture is 
loaded on a free Keith needle and brought out the infe- 
rior wall of the scrotum (Figure 75.2)). The scrotum 
is closed and the fixation stitch is tied loosely at the skin 
level, either to itself or over a pledget, depending on 
the amount of tension. 


The staged orchidopexy 


In cases where inguinal exploration is performed and 
where it is not feasible to perform a vessel ligation to 
bring the testis down in either one or two stages, the 
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staged orchidopexy may be necessary. The testis can 
be fixed to the pubic tubercle to prevent it from 
pulling up higher into the groin. Historically, silastic 
sheeting was used to wrap the cord to facilitate sub- 
sequent dissection. The second-stage procedure is car- 
ried out 6 months to l year later in the hopes of 
achieving greater length on the cord. With modern 
techniques of orchidopexy, the staged procedure is 
rarely necessary. 


Orchidopexy by spermatic vessel transection 


Orchidopexy by spermatic vessel transection was first 
described by Bevin in 1903.3! It was not popularized 
until Fowler and Stephens better characterized the 
blood supply of the testis in 1959.5! The 
Fowler—Stephens analysis revealed that the testicular 
artery receives constant collateral communication 
from the vasal and cremasteric arteries before it 
reaches the testis. They believed that transection of 
the main artery too close to the testis would cut off 
collateral blood supply and lead to atrophy. They 
advocated temporarily occluding the internal sper- 
matic vessels to test the capacity of the testicle’s col- 
lateral blood supply, as well as high ligation of the 
vessels above the collaterals. Johnston®2 advocated 
leaving a medial broad strip of peritoneum along with 
the vas to further preserve collateral blood supply 
(Figure 75.3). Success rates as high as 89% have been 
reported utilizing their technique." 

Recent studies of the vascular anatomy by Jarow® 
indicate that large-caliber anastomotic channels exist 
between the testicular and vasal arteries. These chan- 
nels typically run beneath the tunica albuginea and 
communicate with the inferior pole of the testes. Koff 


4 


feels that high ligation may in fact contribute to tes- 
ticular ischemia by limiting dissection between the 
ascending and descending vasal loops to unfold the 
testis. He also proposes that additional collateral 
blood flow can be derived from the distal spermatic 
vessels that are left intact. Koff modified the 
Fowler-Stephens procedure by®> dividing the vessels 
as close to the testis as possible (Figure 75.4). He 
achieved a success rate of 93% in a series of 39 low- 
spermatic transactions, excluding those with prior 
inguinal surgery. From our own series of laparoscopic 
Fowler-Stephens orchidopexies5® we have had an 
overall success rate of 85%, but when patients who 
also had prior inguinal surgery or manipulations of 
the cord are eliminated the success rate is 96%. The 
principles of both high and low ligation are similar in 
that avoidance of manipulation of the vas and cord 
should be of the highest priority to prevent damaging 
the delicate blood supply. Preservation of the peri- 
toneum between the vessels and vas is essential to the 
success of the procedure. 

Wang and Shaul” have emphasized preservation of 
the gubernacula in Fowler—Stephens procedures, and 
have had success rates comparable with those 
reported by Chang et alř8 and Samadi et alë? when 
virgin cases only were included. 


Jones incision for the non-palpable testis 


When the testis is non-palpable on examination in the 
office and is subsequently found to be a high canalic- 
ular or peeping testis at the time of surgery, the Jones 
approach®? is potentially useful. The technique was 
combined with diagnostic laparoscopy by Gheiler et 
aló! with 18 out of 19 testes achieving satisfactory 


Figure 75.3 (a) Peritoneal tongue in a Fowler-Stephens orchidopexy. (b) Peritoneal triangle with vas in the center. 
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Ligation 


(a) 


sr 
-- 


=- 
eee eee 


(b) Incision 


Figure 75.4 Low spermatic vessel ligation as advocated by Koff. (Reproduced from Koff and Seth,” with permis- 


sion.) 


scrotal positioning. The one failure was in a patient 
who underwent Fowler—Stephens 
orchidopexy. The technique involves making an inci- 
sion medial to the anterior superior iliac spine (ASIS) 
(Figure 75.5a). The muscle is split and the retroperi- 
toneum is entered (Figure 75.5b). The peritoneum is 
mobilized medially and the internal inguinal ring is 
identified (Figure 75.5c). The sac is identified and 
opened and the testis is brought into the field (Figure 
75.5d). The hernia sac is ligated and the spermatic 
vessels are mobilized by incising the lateral spermatic 
fascia superiorly (Figure 75.5e). The subcutaneous 
tissue is mobilized off the external oblique fascia to 
the level of the pubic tubercle (Figure 75.5f). An 
opening large enough to allow the testis to pass 
through the abdominal wall at the pubic tubercle is 
made and the testis is delivered (Figure 75.5h). The 
testis is then fixed in the scrotum in a subdartos 
pouch. 


simultaneous 


Microvascular autotransplantation of the 
testis 


With the advent of microvascular surgery in the 
1970s the first reported cases of microvascular auto- 
transplantation of the testis were reported by Silber 


and Kelly® in 1976. A large series of 27 autotrans- 
plantations reported a success rate of 96%.% 
Docimo™ reported a combined success rate in the lit- 
erature of 83.7% in a total of 86 cases reported up to 
1995 (Table 75.3). The procedure, as described by 
Bukowski et al,°? is as follows: a high inguinal inci- 
sion is used to avoid injuring the inferior epigastric 
vessels. The dissection is then carried down to the 
level of the inferior epigastric vessels. The retroperi- 
toneum is entered and the colon is mobilized. The tes- 
ticle is identified and the testicular vessels are isolated 
and divided as proximally as possible. The testis is 
mobilized in a fashion similar to the Fowler—-Stephens 
mobilization, maintaining a wide strip of peritoneum 
which is taken with the vas deferens. The testis is 
brought through an anterior abdominal incision and 
placed in the scrotum in a subdartos pouch. Care is 
taken to make sure that there is no tension on the vas 
deferens, which can be mobilized back to the bladder 
if needed. The inferior epigastric vessels are isolated. 
Small branches are ligated until 8-9 cm has been 
freed beneath the rectus muscle towards the umbili- 
cus. The inferior epigastric vessels are ligated distally 
and clips are placed proximally. The proximal vessels 
are opened and flushed with heparinized saline. The 
testicular artery is then anastomosed to the inferior 
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(a) (b) (c) 


Incision in sac 


lliac fascia 


Peritoneum 


Internal oblique 


External oblique 


abdominal 
testis 


Distal sac 


Closed peritoneum 


Area undermined 


Stab wound in 
external oblique 
aponeurosis 


Belly wall 


Figure 75.5 The Jones technique for orchidopexy. For details, see text. 
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epigastric artery. The testicular artery typically mea- 
sures 0.5-1 mm in diameter, whereas the epigastric 
artery is 1-1.5 mm in diameter. The veins are usually 
similar in size, measuring 1 mm in diameter. An end- 
to-end or end-to-side anastomosis is used. Patients are 
typically kept immobilized for 24 hours. Tackett et 
al reported on 17 cases of microvascular anastomo- 
sis and laparoscopic testicular mobilization, thereby 
minimizing the intra-abdominal dissection. The over- 
all success rate was 88% (15/17). Although the suc- 
cess rates with this procedure are quite impressive, 
they are probably not better than the success rates 
obtained by meticulous vessel transections solely. In 
our series and those of Kogan*? and Koff*> similar 
results were obtained without utilizing the microvas- 
cular anastomosis. The indications for microvascular 
autotransplantation are therefore unclear. 


Therapeutic laparoscopy for the 
undescended testis 


Laparoscopic vessel ligation 


Bloom 


was the first to combine diagnostic 
laparoscopy and operative intervention when he ful- 
gurated the vessels of intra-abdominal testes and per- 
formed a second-stage open Fowler—Stephens 


orchidopexy at a later date. 


Laparoscopic orchidopexy 


Laparoscopic orchidopexy seemed to be the logical 
extension to early attempts at vessel ligation by 
Bloom® and routine diagnostic laparoscopy. The 
procedure allows the surgeon to transition from a 
diagnostic mode to an operative procedure. Laparo- 
scopic orchidopexy was first described by Jordan et al 
in 1992.°7 Subsequently, there have been numerous 
reports describing this technique.68-72 Our original 
series was the largest series of laparoscopic orchi- 
dopexies, and now consists of 203 procedures.7* Our 
success rate in getting the testis in a scrotal position 
without atrophy is 95% in the cases not involving 
vessel transections.°? 

The original description by Jordan et al®” remains 
relatively unchanged, except for some minor varia- 
tions in how to bring the testis out of the abdomen. 
Routine laparoscopy is performed via an infra- or 
supraumbilical incision. Open trocar placement is 
preferred in our series (Figure 75.6). The bladder 
should be emptied by catheterization and the catheter 
should remain throughout the procedure to prevent 


Figure 75.6 (a and b) Trocar placement. 


injury to the bladder. This is especially critical at the 
time that the neoring is created. In the prune belly 
patient, extra caution is necessary when placing the 
initial trocar, since the urachal diverticulum may 
extend all the way to the umbilicus. In these cases a 
supraumbilical incision should be used. 

Once in the abdomen, inspection of the internal 
ring should be performed. The vas and vessels should 
be seen approaching the ring. The vessels are gener- 
ally thinner and the vas will tend to have prominent 
vessels traveling with it in cases of atrophy (see Figure 
75.1). A closed ring does not always signify an absent 
testis. Very high abdominal testes may not have any 
attachments to the internal ring and may be situated 
behind the bowel (Figure 75.7). If no vessels or vas 
are seen approaching the ring, additional trocars 
should be inserted to reflect the colon. The contralat- 
eral side can be used as reference in cases of unilateral 
undescended testis. The testis will be found within 
lcm of the ring in the majority of cases. Peeping 
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Figure 75.7 (a, b) Closed internal rings with absence of 
vas. In both the testis was out of sight. (c) Note the 
absent vas in the peritoneal triangle. (d) Note the testis 
with absence of epididymal structures. 


testes can be pushed into the abdomen by pressing on 
the canal (Figure 75.8). 

Once the decision to perform a laparoscopic orchi- 
dopexy has been made, the working trocars are placed 
under direct vision. The size of the working trocars 
depends on the need for vascular clips. The smallest 
clip applicator currently available is 5 mm. Trocars 
are placed at the level of the umbilicus and along the 
mid clavicular line. Inspection of the placement site 


will help avoid injury to the epigastric vessels. In very 
young children placement of the trocars above the 
level of the umbilicus is helpful to avoid crossing 
instruments. Once the trocars are in place, two grasp- 
ing forceps can be used to pull on the gubernaculum 
and bring as much of it into the abdomen as possible 
(Figure 75.9). Sometimes, the vas is looping into the 
gubernacular tissue, and can be injured during this 
maneuver or gubernacular division. The gubernacu- 
lum is transected using an electrified scissor with a 
minimal amount of cautery to prevent dissipation of 
heat to the vas. The dissection is carried medially over 
the bladder, incising the peritoneum distal to the vas 
and moving towards the contralateral median umbili- 
cal ligament. A generous segment of peritoneum 
should be maintained between the cut edge and the 
vas. The dissection is then carried lateral to the sper- 
matic vessels to the colon (Figure 75.10). The peri- 
toneum is then incised medially over the proximal 
spermatic vessels. This is critical in providing addi- 
tional length for proper mobilization of the testis into 


Figure 75.8 (a) Intra-abdominal testis. (b) Normal contralateral internal ring. (c and d) Peeping testis. 
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Figure 75.9 Gubernacular fibers. Dashed lines are inci- 
sion lines of the peritoneum. 


Femoral Gubernaculum 


Trocar 
entrance 


— VAS + Epididymis 
— Testis 
— Bladder 


Median umbilical 
ligament 


1st incision 
2nd incision 


3rd incision 


Gonadal 
vessels 


Figure 75.10 Representive view of the pelvis with inci- 
sion lines. 


the scrotum (Figure 75.11). This also leaves a gener- 
ous triangle of peritoneum between the vessels and 
vas in case vessel transection is necessary. 
Laparoscopic Fowler—Stephens orchidopexy as per- 
formed in our series consists of the high ligation tech- 
nique. A large wide wedge-shaped strip of 
peritoneum has been preserved (see Figure 75.3). We 
have encountered only two failed Fowler—Stephens 
orchidopexies to date using the laparoscopic one- 
stage Fowler—Stephens orchidopexy in a virgin case. 
The testis is brought out of the abdomen via a 
neoinguinal canal created in the anterior abdominal 


Figure 75.11 Testis freed up after incising over the 
bladder and lateral pelvic wall. 


Figure 75.12 Neoinguinal ring between bladder and 
medium umbilical ligament. 


wall near the pubic tubercle (Figure 75.12). We 
prefer to bring the testis out medial to the median 
umbilical ligament and lateral to the bladder. This is 
done by dissecting in the space between the afore- 
mentioned structures and getting down to the pubis. 
The scrotum is invaginated by the index finger, and 
the endodissector is placed over the pubic bone and 
the external inguinal ring is palpated with the dissec- 
tor and the finger invaginating the scrotum. Once the 
ring is identified, the dissector is driven into the scro- 
tum guided by the index finger (Figure 75.13). A 
small scrotal incision is made and the dissector is 
brought out into the field. A subdartos pouch is cre- 
ated and a 5 mm trocar is placed over the dissector 
and guided into the abdomen (Figure 75.14). This 
trocar can be used to apply clips if a vessel transection 
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is necessary while using microinstrumentation. The 
gubernacular attachments of the testis are grasped 
with an endoallis clamp and the testis is delivered into 
the field. The testis is fixed in the scrotum in the usual 
fashion. 

If testicular positioning is inadequate, further dis- 
section can be done while holding the testis in the 
scrotum. If the length is inadequate, vessel transection 
can be done at this point with a clip applier. Since the 
vas and its vessels have never been touched, this 
allows a successful Fowler—Stephens orchidopexy. 
Concerns regarding the possible development of her- 
nias at the internal ring and along the inguinal canal 
have been largely unfounded; thus we do not attempt 
to close the ring. There is one reported hernia after 
laparoscopic orchidopexy,’* but this seems to be a 
rare exception. 


Risks and complications 


Risks of orchidopexy include bleeding, infection, tes- 
ticular atrophy, testicular malposition, and recurrence 
of inguinal hernia. Complications associated with 
laparoscopic orchidopexy are the same, with the addi- 
tion of possible injuries from cautery or trocar place- 
ment. Injury to the iliac vessels during dissection is 
possible during open or laparoscopic orchidopexy. 
Avulsion of the gonadal vessels or inadvertent 
Fowler—Stephens orchidopexy is another complica- 
tion, more commonly reported with the laparoscopic 
approach. This usually occurs during delivery of the 
testis into the scrotum. This can also occur when the 
surgeon pulls vigorously on the testis during dissec- 
tion. We have encountered this complication without 
the loss of the testis. The proximal vessels may retract 


Figure 75.14 A 5mm trocar back-loaded over the 
instrument. 


and go into spasm, making identification difficult. 
These vessels need to be found and clipped. The ves- 
sels from the testis can generally be pulled into the 
scrotum and ligated. Another potential catastrophic 
complication is injury to the femoral vessels. This can 
be avoided by making sure that the endodissector is 
passed from the ipsilateral port and aimed medially at 
all times during development of the neocanal. Also 
dissecting down to the pubic bone in the window 
between the bladder and the medial umbilical liga- 
ment will prevent injuries to the femoral vessels as 
well as injuries to the bladder. Bladder injuries may 
occur when the bladder is not decompressed through- 
out the procedure. Obstruction of the ureter due to 
tension on the vas has been reported rarely, and has 
been associated with the Fowler—Stephens procedure. 

Much controversy exists in the literature and has 
been publicly expressed about the risks of adhesions 
postlaparoscopy. We have not encountered adhesions 
in our patients that have had multiple laparoscopic 
procedures nor have we encountered any episodes of 
bowel obstruction postlaparoscopy secondary to 
adhesions. Bowel obstruction is a potential complica- 
tion of laparoscopy in the immediate postoperative 
period. This is due to herniation of bowel into a 
trocar site that was inadequately closed. Closure of all 
trocars sites 5mm or greater is recommended for 
children. The advent of microendoscopic equipment 
and non-cutting trocar technology reduces the risk of 
herniation and bowel obstruction. 


Outcomes of orchidopexy 


Conventional orchidopexy for the peeping testis has a 
satisfactory scrotal placement rate of 82% and for the 
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intra-abdominal testis a rate of 74%.°* Hazebroek et 
al38 had an atrophy rate of 16% for open orchidopex- 
ies for peeping or intra-abdominal testis on long-term 
follow-up. They had a 33% atrophy rate for their 
vessel transection orchidopexies that included one- 
stage, two-stage, and revascularization procedures. 
Laparoscopic orchidopexy achieved a 97% combined 
satisfactory scrotal placement in our series”? of 
patients and there were similar results in other large 
series. Results with Fowler—Stephens orchidopexy are 
also superior to those reported in the cumulative lit- 
erature. The staged Fowler—Stephens procedure was 
thought to be a better alternative to one-stage vessel 
transection, allowing collateral blood supply to 
mature and support transplantation of the testis more 
readily. This concept was supported by work done by 
Pascual et al” in rats utilizing a xenon washout tech- 
nique to measure blood flow at 1 hour and 30 days 
after ligation. Results demonstrated an 80% reduc- 
tion in blood flow at 1 hour after ligation. However, 
30 days later, blood flow returned to normal pretreat- 
ment values. Some authors have reported very high 
success rate with this technique.°*75 However a 
review of the literature by Docimo® in 1995 revealed 
no significant difference statistically between one- 
stage and two-stage vessel transactions prior to the era 
of laparoscopic orchidopexy. He found that staged 
Fowler—Stephens orchidopexy had an overall success 
rate of 76.8% (43/56 testis). When compared with 
one-stage Fowler—Stephens orchidopexy during the 
same time period (post 1985), the success rate was 
68.5% (76 of 111). These results again tend to prove 
that meticulous preservation of the vasal blood supply 
is the most important factor in cases of spermatic 
vessel transection. Despite this, the majority of 
laparoscopic practitioners still adhere to the superior- 
ity of the staged procedure. 

The expense of laparoscopic procedures has been a 
concern in the past. Lorenzo et al76 reported on a 
computer-based analysis of costs for surgery for non- 
palpable testis and found that there was no difference 
between open and laparoscopic approaches. The costs 
of laparoscopy continue to decrease as reusable instru- 
ments improve and operative times decrease with 
experience. 
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Introduction 


Prepubertal testicular tumors are less common than 
other pediatric urologic tumors such as neuroblastoma 
and Wilms’ tumor, and testicular tumors are far more 
common in adults than in children. Historically, the 
management of pediatric testicular tumors has been 
based on experience in adults. Indeed, testicular 
tumors in adults and children have many similarities. 
Both usually present with a testicular mass and are 
treated initially with excision of the primary tumor. In 
both children and adults, testicular tumors are partic- 
ularly sensitive to platinum-based chemotherapy, 
which has revolutionized the management of testicular 
cancer throughout the age spectrum.! However, 
there are important differences between testis tumors 
occurring in children and adults. These differences 
occur in the tumor histopathology, malignant poten- 
tial, and pattern of metastatic spread. The patients 
themselves are also dissimilar, with different concerns 
regarding surgical morbidity and preservation of tes- 
ticular function. The introduction of a Prepubertal 
Testicular Tumor Registry by the Section on Urology 
of the American Academy of Pediatrics (AAP) in 1980 
allowed for the accrual of valuable epidemiologic 
information.’ Recent multicenter and prospective clin- 
ical trials have further advanced our understanding of 
these tumors and their management.*+* 


Epidemiology 


There is a bimodal age distribution for testis tumors, 
with one peak occurring in the first 2 years of life, and 
a second larger peak occurring in young adulthood. 
The incidence of pediatric testis tumors is 0.5-2.0 per 
100 000 children, accounting for 1-2% of all pedi- 


atric tumors.’ Testis tumors are categorized, based on 
the presumed cell of origin, into stromal tumors and 
germ cell tumors. In the Prepubertal Testicular 
Tumor Registry of the Section on Urology of the 
AAP, the majority of primary testis tumors were yolk 
sac tumors followed by teratomas and stromal 
tumors.* However, selection bias can lead to an over- 
representation of malignant tumors in registries. 
Indeed several recent studies have found teratoma to 
be more common than yolk sac tumor.®-! Table 76.1 
summarizes the distribution of testis tumors in the 
Prepubertal Testicular Tumor Registry and a multi- 
center review of prepubertal testicular tumor pathol- 
ogy specimens. Because teratomas and most stromal 
tumors are benign in children, the percentage of pre- 
pubertal testis tumors that have malignant potential is 
much lower than the 90% of tumors in adults. 


Evaluation 


The majority of patients with a testicular tumor will 
present with a testicular mass noted by the patient, a 
parent, or a healthcare provider. These masses are 
usually hard and painless. Occasionally, patients may 
present with a hydrocele or pain due to torsion or 
bleeding into the tumor. Physical examination can 
usually distinguish testicular tumors from other scro- 
tal masses such as hydroceles, hernias, or epididymal 
cysts. When the physical examination is equivocal, an 
ultrasound of the testicles can resolve the issue. Ultra- 
sound can also assist in characterizing the lesion. 
Although ultrasound cannot reliably distinguish 
malignant from benign testicular tumors, cystic 
tumors are more likely to be benign in children. 
Tumor markers typically utilized in the evaluation 
and management of adult testis tumors include human 
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Table 76.1 Distribution of tumor types in the 395 primary testis tumors registered in the Prepubertal Testicular 
Tumor Registry of the Section on Urology of the American Academy of Pediatrics? and 98 tumors in a multicenter 
consecutive series of patients!2 


chorionic gonadotropin (hCG) and alpha-fetoprotein 
(AFP). Whereas hCG is elaborated in a significant 
number of mixed germ cell tumors, this tumor type is 
vanishingly rare in prepubertal patients. It is therefore 
not a helpful marker for this population. On the other 
hand, the AFP level is elevated in 90% of patients with 
yolk sac tumor and can be very helpful in the preoper- 
ative distinction between yolk sac and other tumors 
(almost all of which are benign). One caveat is that the 
AFP level is quite high in normal infants. The AFP 
levels are highly variable in infants; typical levels range 
from approximately 50 000 ng/ml in newborns, to 
10 000 ng/ml by 2 weeks of age, 300 ng/ml by 2 
months, and 12 ng/ml by 6 months of age.!? There- 
fore, AFP levels among patients with yolk sac tumor 
and benign tumors overlap in the first 6 months of life, 
making it a less helpful indicator for distinguishing 
tumor types in young infants (Figure 76.1).!4 

Since many, if not most, prepubertal patients will 
have a benign tumor, the metastatic evaluation may 
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Figure 76.1 Alpha-fetoprotein (AFP) level (ng/ml) as 
function of age for infants with yolk sac tumor in the 
Prepubertal Testicular Tumor Registry of the Section 
on Urology of the American Academy of Pediatrics. 
(Reprinted from Ross et al,? with permission.) 


be deferred until a histologic diagnosis of the primary 
tumor is obtained. A preoperative metastatic evalua- 
tion may be undertaken in patients over 6 months of 
age with an elevated AFP level, who probably harbor 
a yolk sac tumor. Metastases from yolk sac tumor typ- 
ically occur in the lungs and the retroperitoneal lymph 
nodes. A chest X-ray or chest computed tomography 
(CT) scan and abdominal CT are obtained. Postoper- 
ative AFP levels are also followed. The half-life of 
AFP is approximately 5 days. Failure of an elevated 
AFP to decline as expected after removal of the pri- 
mary tumor is evidence of persistent metastatic dis- 
ease. 


Surgical management 


The standard initial treatment for a malignant testicu- 
lar tumor is an inguinal orchiectomy with early con- 
trol of the vessels. In prepubertal patients, this 
approach should be applied only to patients >6 
months of age with an elevated AFP.* In all other 
patients, a benign tumor is likely to be present, and 
the initial surgical management should be an exci- 
sional biopsy with frozen section analysis. The explo- 
ration is accomplished through an inguinal incision, 
with occlusion of the testicular vessels (Figure 76.2). 
Failure to follow these guidelines, particularly scrotal 
violations, may increase the recurrence rate if the 
tumor proves to be a yolk sac tumor. If the frozen 
section reveals a likely malignancy, then the entire 
testis is removed. If a benign histology is confirmed 
(usually teratoma), the remaining testis is closed with 
chromic suture and returned to the scrotum. Even 
large tumors can be enucleated with preservation of 
significant testicular tissue (Figure 76.3). 
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Figure 76.2 Inguinal exploration with testis-sparing tumor excision. (a) An inguinal incision is made and Scarpa’s 
fascia is opened, exposing the external oblique aponeurosis. This is opened along the length of its fibers through 
the external ring, exposing the spermatic cord structures. (b) The vessels are temporarily occluded and the testis 
delivered into the operative field. The hydrocele sac is opened and the tumor sharply excised. If a benign tumor is 
confirmed on frozen section, then the remnant testis is closed and returned to the scrotum. 
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Figure 76.3 Enucleation of a benign tumor. (a) With the 
vessels occluded, an incision is made in the testicular 
tunic, exposing the cystic tumor. (6) The tumor is enu- 
cleated and detached from the testis. (c) The testis is 
closed with interrupted suture. 


One concern with this approach is the malignant 
potential of the remnant testicular tissue. In adults, 
88% of testicles with teratoma harbor carcinoma in 
situ (CIS) elsewhere in the testis, and so orchiectomy 
is still an appropriate management in postpubertal 
patients.!© However, in studies of prepubertal ter- 
atoma, with the exception of one case, no such find- 
ing has been evident.!7-!? Rushton et al reviewed the 


histopathology of 17 testes removed for teratoma.!® 
No multifocal tumor or CIS was found in any speci- 
men. In initial small series of testis-sparing surgery for 
prepubertal benign tumors, there have been no cases 
of recurrent tumor in the preserved testicular rem- 
nant.!0,11,17,18,20 Ty 1999, Sugita et al reported on 27 
patients with teratoma, 17 of whom were treated 
with partial orchiectomy.!! With a mean follow-up of 
10 years, there were no recurrences and no cases of 
testicular atrophy. In these studies, testes undergoing 
testis-sparing tumor excision appear to maintain 
normal testicular volume postoperatively. 


Adjuvant therapy for malignant 
testicular tumors 


Virtually all malignant germ cell tumors in children 
are yolk sac tumors. The typical mixed germ cell 
tumors seen in adults occur only after puberty. There 
is little data regarding the behavior of mixed germ cell 
tumors in adolescents, although they appear to 
exhibit behavior similar to that seen in adults.! It is 
therefore assumed that they should be managed as in 
adults with observation, retroperitoneal lymph node 
dissection (RPLND), and/or chemotherapy, depend- 
ing on the specific histology and stage of the disease. 
This seems a reasonable approach until further stud- 
ies in adolescents with testicular malignancies are 
undertaken. 

Yolk sac tumor is a yellow to pale gray solid tumor. 
It has been referred to by a variety of other names, 
including endodermal sinus tumor, orchioblastoma, 
juvenile embryonal carcinoma, _mesoblastoma 
vitellinum, clear cell adenocarcinoma, extraembryonal 
mesoblastoma, and archenteronoma.’” A variety of 
histologic patterns may occur. Positive staining with 
AFP supports the diagnosis of yolk sac tumor. Classic 
glomeruloid (Schiller—Duval) bodies and embryoid 
bodies may be present. These structures are clusters of 
cells resembling the structures for which they are 
named (Figure 76.4). 

As with most malignancies, adjuvant therapy for 
yolk sac tumor is based on tumor stage. Different 
cancer study groups employ different staging systems. 
However, detailed staging is unnecessary, since the 
number of patients with metastatic testis tumors in all 
series is very small, and stratifying response rates and 
tumor behavior based on the extent of metastatic dis- 
ease is impossible. Indeed, in large studies, all 
metastatic yolk sac tumors are treated the same, 
regardless of the extent or location of metastatic dis- 
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Figure 76.4 Histopathology of a yolk sac tumor; (a) 
x100 magnification; (6 and c) x200 magnification. 


ease. Therefore, the important distinction for yolk sac 
tumors is between stage 1 disease (disease limited to 
the testis and completely excised) and those tumors 
with any degree of residual or metastatic disease. 
The majority of prepubertal testis tumors present 
with stage 1 disease.? Recent studies suggest that 
these patients can be safely managed with observation 


followed by chemotherapy for patients who 
recur.4-6?2-24 The United Kingdom Children’s 
Cancer Study Group, the German Society of Pediatric 
Oncology, and the United States Pediatric Intergroup 
Study (now the Children’s Oncology Group) have 
recently reported their results employing observation 
for stage 1 yolk sac tumor of the testis and platinum- 
based chemotherapy for patients with recurrent or 
metastatic disease. Most patients with recurrent or 
metastatic disease received four cycles of chemother- 
apy. The potential toxicities of the chemotherapy reg- 
imens employed include myelosuppression, 
ototoxicity and renal toxicity from platinum-based 
agents, and pulmonary toxicity from bleomycin. 
High-grade ototoxicity was rare in the United King- 
dom study, which utilized carboplatin rather than cis- 
platin; however, carboplatin is more myelotoxic. 

A summary of the three large multicenter studies is 
presented in Table 76.2. Eighty-four percent of all 
patients presented with stage 1 disease. Overall, the 
recurrence rate for patients with stage 1 tumors man- 
aged with observation was 17%, and all were cured 
with chemotherapy. The overall survival of all 
patients receiving chemotherapy for recurrent or 
metastatic disease was 98%. Clearly, the outlook for 
prepubertal testis tumors is excellent. Stage 1 tumors 
are best managed with orchiectomy and observation. 
Observation should include frequent chest and 
abdominal imaging and measurement of AFP levels. 
Patients with recurrent disease or metastatic disease 
can expect excellent results with platinum-based mul- 
tiagent chemotherapy. Future studies will focus on 
reducing the morbidity for those patients requiring 
chemotherapy by reducing the number of agents 
and/or cycles of therapy administered. 

Another shift in the management of prepubertal 
testis tumors has been away from performance of 
RPLND, once a standard component of manage- 
ment.?®-27 The rationale for this dissection in select 
adult patients is the likelihood of retroperitoneal dis- 
ease and the ability to avoid the morbidity of 
chemotherapy in some patients. Several characteristics 
of prepubertal tumors argue against its use in chil- 
dren. Most prepubertal patients have clinical stage 1 
disease and the recurrence rate for these patients with 
observation alone is only 17%. Nearly all the recur- 
rences can be salvaged with chemotherapy. For those 
with metastatic disease, it appears that only a minor- 
ity of prepubertal patients have disease limited to the 
retroperitoneum.”® The majority have disease in the 
chest (with or without retroperitoneal disease). 
Finally, the morbidity of abdominal surgery is greater 
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Table 76.2 Results of three large multicenter studies of pediatric testicular yolk sac tumors 


for children than for adults. Children have a particu- 
larly high rate of postoperative bowel obstruction. It 
is also unclear that a nerve-sparing approach is tech- 
nically feasible in small children. For prepubertal 
testis tumors, RPLND is limited to patients with per- 
sistent retroperitoneal masses following chemother- 
apy, an extremely rare occurrence. 


Teratoma and epidermoid cyst 


Teratoma is the most common benign tumor in pre- 
pubertal patients. The median age of presentation is 
13 months, with several patients presenting in the 
neonatal period. !+9 Histologically, teratomas consist 
of tissues representing the three germinal layers: 
endoderm, mesoderm, and ectoderm. Epidermoid 
cysts are benign tumors composed entirely of keratin- 
producing epithelium. They are distinguished from 
dermoid cysts, which contain skin and skin 
appendages, and from teratomas, which contain 
derivatives of other germ cell layers. Teratomas and 
epidermoid cysts are universally benign in prepuber- 
tal children. On ultrasonography, most epidermoid 
cysts appear as discrete intratesticular masses, with 
areas of increased echogenicity corresponding to the 
keratin debris or peripheral calcification.30-31 

At the time of inguinal exploration, an excisional 
biopsy with frozen section should be performed to 
confirm the diagnosis.!7!8 In older children with ter- 
atoma, surrounding testicular parenchyma must be 
carefully evaluated. If there is histologic evidence of 
pubertal changes, then an orchiectomy should be per- 
formed since teratomas are potentially malignant in 
postpubertal males. Biopsies of surrounding testicular 


parenchyma are probably unnecessary in prepubertal 
patients.!8:19.30 Whereas 88% of testes removed for 
adult teratoma contain areas of intratubular germ cell 
neoplasia, this has generally not been the case for epi- 
dermoid cysts or for pediatric teratoma.!©!? 

For patients with epidermoid cyst and prepubertal 
patients with teratoma, no radiographic studies or 
follow-up for the development of metastatic disease 
are required. Because of the potential for malignancy, 
postpubertal patients with teratoma should be evalu- 
ated and followed on the same protocol as adults with 
potentially malignant germ cell tumors. 


Gonadal stromal tumors 


Stromal tumors comprise Leydig cell, Sertoli cell, 
juvenile granulosa, and mixed or undifferentiated 
tumors. Stromal testis tumors are rare in children, 
and there are no large series to guide their manage- 
ment. However, anecdotal reports and small series in 
the literature offer some experience on which to base 
therapy.*? 

Leydig cell tumors are universally benign in chil- 
dren.”*? They usually present between 5 and 10 years 
of age with precocious puberty. Congenital adrenal 
hyperplasia (CAH) can also lead to precocious 
puberty and testicular masses. Patients with Leydig 
cell tumors typically have elevated testosterone levels 
with low or normal gonadotropin levels, whereas 
patients with CAH will usually have elevated levels of 
17-hydroxyprogesterone. Leydig cell tumors may be 
treated by testis-sparing excision.** Persistence of 
androgenic effects may be due to a contralateral 
tumor, but this is rare in children. Because Leydig cell 
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tumors are sometimes difficult to detect on physical 
examination, an ultrasound may be necessary to rule 
out a contralateral tumor. However, even after suc- 
cessful removal of a solitary tumor, androgenic 
changes are not completely reversible, and some chil- 
dren may proceed through premature puberty as a 
result of the activation of the hypothalamic—pitu- 
itary—gonadal axis. 

Sertoli cell tumors are rare in children. The median 
age of patients in the Prepubertal Testicular Tumor 
Registry was 6 months, with a range of 4 months to 
10 years.*? Sertoli cell tumors are usually well cir- 
cumscribed and often lobulated. Cysts are common. 
Approximately 10% of adult Sertoli cell tumors are 
malignant. Sertoli cell tumors are usually hormonally 
inactive in children, although they may occasionally 
cause gynecomastia or isosexual precocious puberty. 
Although all reported cases to date have been benign 
in children <5 years of age, there have been a few 
cases of malignant Sertoli cell tumors in older chil- 
dren.*43° Orchiectomy is usually sufficient treatment 
in infants and young children. A metastatic evaluation 
could be considered in older children and in patients 
with worrisome histologic findings. When metastatic 
disease is present, aggressive combination treatment, 
including RPLND, chemotherapy, and radiation 
therapy, should be considered. 

The large cell calcifying Sertoli cell tumor is a clin- 
ically and histologically distinct entity, with a higher 
incidence of multifocality and hormonal activ- 
ity.7%°-89 These tumors are composed of large cells 
with abundant cytoplasm and varying degrees of cal- 
cification, ranging from minimal amounts to massive 
deposits. Whereas standard Sertoli cell tumors are 
more common in adults, large cell calcifying Sertoli 
cell tumors are found predominantly in children and 
adolescents. Most present with a testicular mass. 
Approximately one-quarter of patients have bilateral 
and multifocal tumors. The presence of calcifications 
results in a characteristic ultrasound appearance 
including multiple hyperechoic areas. 

Approximately one-third of patients with large cell 
calcifying Sertoli cell tumor have an associated genetic 
syndrome and/or endocrine abnormality. The two 
most common syndromes are 
Peutz-Jeghers syndrome, which is characterized by 
mucocutaneous pigmentation and hamartomatous 
intestinal polyposis, and Carney’s syndrome, which is 
characterized by myxomas of the skin, soft tissues and 
heart, myxoid changes of the breast, lentigines of the 
face and lips, cutaneous blue nevi, Cushing’s syn- 
drome, pituitary adenoma, and schwannoma. Screen- 


associated 


ing for these syndromes in patients with large cell cal- 
cifying Sertoli cell tumors is important since the 
patients and their first-degree relatives are at risk for 
the potentially lethal associated anomalies. Whereas 
occasionally malignant in adults, large cell calcifying 
Sertoli cell tumors have been universally benign in 
patients under 25 years of age, and inguinal orchiec- 
tomy is sufficient treatment for children. 

Testicular juvenile granulosa cell tumor is a stromal 
tumor bearing a light-microscopic resemblance to 
ovarian juvenile granulosa cell tumor. However, the 
histologic origin of this tumor in testicles is unclear. 
Granulosa cell tumors occur almost exclusively in the 
first year of life, most in the first 6 months. Of 22 
tumors diagnosed in newborns in the Prepubertal 
Testicular Tumor Registry, six were juvenile granu- 
losa cell tumors, six were yolk sac tumors, and six 
were unspecified stromal tumors.?? Structural abnor- 
malities of the Y chromosome and mosaicism are 
common in boys with juvenile granulosa cell tumor.*4 
Several cases have been described in association with 
ambiguous genitalia.4? These tumors are hormonally 
inactive and benign. Although these children should 
undergo chromosomal analysis, no treatment or 
metastatic evaluation is required beyond testis-sparing 
excision. 32-4! 

Undifferentiated stromal tumors consist of areas of 
gonadal stromal neoplasia and undifferentiated 
regions of spindle cells that may exhibit a high mitotic 
rate. These stromal tumors have an epidemiology 
similar to that of granulosa cell tumors.*2 Although 
some of these tumors have histologic characteristics 
commonly associated with malignancy, most behave 
in a benign fashion. There are inadequate data in the 
literature to formulate rigid guidelines for managing 
these tumors. Whereas aggressive behavior has not 
occurred in young infants, there are reports of such 
behavior in older children. Unfortunately, histologic 
features do not appear to correlate with invasive or 
metastatic potential. Since orchiectomy cures most of 
these patients, aggressive treatment is probably not 
appropriate in the absence of radiographic evidence of 
metastatic disease. However, given the uncertainty, 
postoperative evaluation and follow-up for the devel- 
opment of metastatic disease seem prudent for 
patients with this rare tumor. 


Gonadoblastoma 


Gonadoblastomas are benign tumors that typically 
arise in dysgenetic gonads. They contain both germ 
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cell and stromal elements.*? Dysgenetic or ‘streak’ 
gonads are gonads that have failed to develop nor- 
mally and contain fibrous tissue and primitive ovarian 
structures. If the gonad has features of primitive tes- 
ticular development, it is usually referred to as a dys- 
genetic testis rather than a streak gonad. 
Gonadoblastoma arises almost exclusively in the dys- 
genetic gonads of patients with a Y chromosome or 
evidence of some Y chromatin in their karyotype. 
Dysgenetic gonads in patients without Y chromatin, 
such as patients with Turner’s syndrome or XX 
gonadal dysgenesis, seem to be at little risk. 
Gonadoblastomas have been reported in 3% of true 
hermaphrodites and in 10-30% of patients with 
mixed gonadal dysgenesis or pure gonadal dysgenesis 
in the presence of Y chromatin.4344 They also occur 
commonly in dysgenetic testes.45 

Although gonadoblastomas are benign, they are 
prone to the development of malignant degeneration, 
and overt malignant behavior is seen in 10% of 
cases.*4 Most cases of malignancy occur after puberty, 
but there have also been cases reported in children.# 
Therefore, early prophylactic removal of dysgenetic 
gonads should be performed. If malignant elements 
are present, a metastatic evaluation should be under- 
taken. Dysgerminoma (or seminoma) is the most 
common malignancy to occur in association with 
gonadoblastoma. Like their counterpart in normal tes- 
ticles, these tumors are very radiosensitive, and the 
outlook for these patients is generally favorable. 


Testis tumors in congenital adrenal 
hyperplasia 


Congenital adrenal hyperplasia in boys often presents 
with precocious puberty. Adrenal rests, commonly pre- 
sent along the spermatic cord and in the testicular 
hilum, may hypertrophy in patients with CAH, leading 
to testicular nodules that are clinically indistinguishable 
from testicular tumors. Indeed, the presentation of a 
testicular mass and precocious puberty is typical of 
patients with Leydig cell tumors as well. In patients 
with CAH these nodules are often multifocal and bilat- 
eral.4°48 The diagnosis of CAH can generally be made 
by demonstrating an elevated serum 17-hydroxyprog- 
esterone level. In this setting, the nodules will usually 
resolve or significantly reduce in size with steroid 
replacement. If this occurs, the patient may be followed 
with serial examinations.*? Any nodule that fails to 
respond should be biopsied. Large nodules that fail to 
regress may be safely enucleated.*%°° 


Leukemia 


Historically, the urologist has played an important 
role in the evaluation of patients with acute lym- 
phoblastic leukemia (ALL) because of the concept 
that the testis was a site protected from therapy by the 
‘blood-testis barrier’. Approximately 20% of ALL 
patients have microscopic involvement at diagnosis, 
and pretreatment biopsy was common.°! Following 
treatment, biopsy was undertaken to detect the 10% 
of patients with persistent testicular disease. How- 
ever, with current chemotherapy, most patients with 
microscopic testicular involvement achieve a complete 
remission. Conversely, some patients without histo- 
logic evidence of testicular involvement at diagnosis 
will ultimately relapse in the testicles. Therefore, pre- 
treatment testicular biopsy is no longer recommended 
since it does not predict those at risk for persistent or 
relapsing disease. Modern treatment has reduced the 
post-treatment relapse rate to <1%. Therefore, post- 
treatment biopsy in the absence of clinical evidence of 
persistent disease is also unnecessary.°? Rare patients 
with persistent or recurrent testicular enlargement fol- 
lowing chemotherapy should undergo testicular 
biopsy to confirm the presence of ALL. In most cases 
the patient will have relapsed at other sites and further 
systemic treatment will be required. Typically, the tes- 
ticles are also treated with radiation. 
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Tumors of the retroperitoneum 


Gordon A McLorie and Darius J Bagli 


Introduction 


Retroperitoneal tumors of non-renal origin are rela- 
tively uncommon in children. The most significant are 
neuroblastoma, sacrococcygeal teratoma, the rare 
childhood pheochromocytoma, and adrenal carci- 
noma. This chapter will focus on these four tumor 
types, with primary emphasis on the first two. The 
listing given in Table 77.1 of non-renal retroperi- 
toneal tumors is included for completeness. 


Neuroblastoma 


Neuroblastoma accounts for 8-10% of all childhood 
cancers. Following the original description by Vir- 
chow in 1864, it has continued to capture the imagi- 
nation and interest of pediatricians, surgeons, and 
scientists. Historic landmarks in the biology of neu- 
roblastoma include the understanding of the relation- 
ship of this childhood malignancy to the secretion of 
neuroactive substances in 1957, followed by the abil- 
ity to establish a biochemical diagnosis based on the 
Cushing 


urinary secretion of catecholamines. 


Table 77.1 Non-renal retroperitoneal tumors 


Benign Malignant 


Neuroblastoma 
Pheochromocytoma 
Sacrococcygeal teratoma 


Lymphangioma 
Neurofibroma 
Ganglioneuroma 


Lipoma Non-genitourinary pelvic 
rhabdomyosarcoma 

Sacrococcygeal Lymphoma 

teratoma Liposarcoma 


Fibrosarcoma 
Leiomyosarcoma 
Malignant fibrous 
histiocytoma 
Secondary tumors 
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described its transition in biologic activity from a 
malignant tumor to one of a benign nature, whereas 
Beckwith and Perrin! noted that clusters of neurob- 
lastic nodules resembling neuroblastoma in situ were 
an incidental finding in the adrenal glands in children 
dying of other diseases. These clues provided the ini- 
tial impetus that led to the recognition of the now 
well-known phenomenon of spontaneous regression 
of some neuroblastomas. Newer advances in molecu- 
lar research have provided significant further insight 
into the biology of neuroblastoma. Furthermore, the 
paradigms described for neuroblastoma have acted as 
a template for diagnostic staging and applications of 
molecular and genetic insights to clinical therapies of 
other childhood malignancies. Fingerprinting the 
tumor’s molecular characteristics (beyond MYCN 
proto-oncogene expression) has allowed stratification 
of children with neuroblastoma into distinctive clini- 
cal subsets. These stratification and staging method- 
ologies provide better applications of therapeutic 
options and appropriate balancing of therapies that 
are more aggressive to children with poor prognostic 
disease. They also allow us to pursue a goal of less 
aggressive therapies to be used for those children in 
whom better prognosis can be defined.” 

Recent insights have unfolded as a result of neona- 
tal screening programs in Japan and Canada. In these 
programs, the secretion of urinary vanillylmandelic 
acid (VMA) in the newborn has been used as a 
method of neuroblastoma detection. However, early 
detection has neither reduced the occurrence nor 
improved the prognosis of those children who are dis- 
covered to have higher-grade tumors in later infancy 
and childhood. This has led to the thesis that the 
tumors detected during neonatal screening programs 
are those that have a natural propensity for sponta- 
neous resolution.** The results suggest that mass 
screening for neuroblastoma, while feasible, is 
unlikely to alter the course of those patients destined 
to succumb to the disease. 
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Clinical and biologic features 


Neuroblastoma ranks as the most common extracra- 
nial solid malignancy of childhood® and early infancy. 
The incidence may be increasing slightly.>° In chil- 
dren presenting with neuroblastoma, 65% will occur 
in the retroperitoneum, of which 40% will originate 
in the adrenal gland.” 

Few, if any, environmental risk factors have been 
identified for neuroblastoma. Recently, maternal 
vaginal infections, their treatment, and prenatal 
maternal hormone use have been weakly suggested to 
increase the risk of neuroblastoma in offspring.® Pes- 
ticide exposure has been suggested as being associated 
with an increased risk of carcinogenesis in children 
compared with adults; the risk included, but was not 
specific for, neuroblastoma.” 

While newer molecular modalities are helping to 
refine prognostic groupings and treatment assign- 
ment, the overwhelming variables distinguishing high 
from low-risk groups continue to be age at diagnosis, 
tumor stage, and histologic grade.!° Diagnosis before 
12 months of age is more clinically favorable than 
later diagnosis. 

Any predisposition for neuroblastoma appears to 
follow an autosomal dominant pattern, as elucidated 
by the two-hit hypothesis of Knudson and Strong.!? 
Also described for Wilms’ tumor and pheochromocy- 
toma, inherited forms of neuroblastoma may occur in 
patients who harbor a mutation in a gene that pre- 
existed in a parental germ line (preconception or ger- 
minal mutation). A subsequent spontaneous 
mutation of the other copy of the same gene (a 
somatic mutation) in a cell of the appropriate back- 
ground (neural crest cell) leads to malignant transfor- 
mation of that cell. This has led to estimates that over 
one-fifth of all neuroblastoma may be of the inherited 
variety.!! The occurrence of non-familial neuroblas- 
toma must therefore await these two critical muta- 
tions or ‘hits’ as two independent spontaneous events. 
This explains the reduced likelihood (incidence) of 
non-familial or sporadic disease. With one of two 
mutations possibly present in all cells of a given child 
with a strong family history of neuroblastoma, it is 
easy to see why earlier incidence, bilaterality and mul- 
tifocality, and higher recurrence rates are the norm in 
those with familial disease. Exceptions to the two-hit 
hypothesis have been reported (familial neuroblas- 
toma in older children), suggesting that other genetic 
mechanisms may also underlie familial disease.!? 
While several reports exist of neuroblastoma being 
found in children with a chromosomal abnormality, 


few chromosomal predispositions have been defini- 
tively associated with neuroblastoma. Abnormal 
rearrangements have been described involving chro- 
mosomes | and 17 (see below). Deletions involving 
1p36 have implicated this region as containing a neu- 
roblastoma tumor suppressor gene, and gains in the 
17q region have been associated with poor progno- 
sis.!?-!7 In addition, FISH analysis for chromosome 
alteration in 3p and 1lq may define patients with a 
poorer prognosis.!® Finally, loss of heterozygosity 
(LOH), a molecular phenotype characterized by the 
loss of the subtle differences that normally exist 
between the two allelic (parental) copies of any gene 
signifying that one of the copies is missing, has been 
identified as a more general phenomenon in neuro- 
Subjects with LOH are, therefore, 
homozygous instead of heterozygous for that particu- 
lar chromosomal region. When a disease becomes evi- 
dent in association with LOH in particular regions of 
a chromosome, this implies that the missing region of 
that chromosome encodes a gene or genes responsible 
for suppressing that disease, i.e. tumor suppressor 
genes. Although LOH does not identify the missing 
gene itself, LOH in neuroblastoma has been reported 
in a number of chromosomes, including 1p, 11q and 


14q, 2q, 9p, and 18q.!° 


blastoma. 


Clinical manifestations: primary, 
metastatic, and paraneoplastic features 


The presenting signs and symptoms are variable and 
may reflect the effects of the tumor, the presence of 
metastatic disease, or the results of tumor hormone 
production. As mentioned earlier, prenatal screening 
may also identify neuroblastoma. Infants may present 
with an abdominal mass that is often huge. In spite of 
the size, which makes the tumors detectable at birth, 
their prognosis is often excellent with respect to cure, 
although some neurological defects may persist.2° A 
unique feature of neuroblastoma in children is the 
potential for widespread liver metastatic disease that 
may signify stage 4S disease (Figure 77.1). 

Children with stage 4S have a potential survival 
rate of up to 90%, in spite of metastases to either 
liver, skin, or bone marrow, but not to cortical bone. 
Subcutaneous nodules are another manifestation of 
this early presentation.” In some patients, tumors 
regress spontaneously. Alternatively, metastases may 
regress following excision of the primary tumor.?*-*5 
In children >1 year of age the size of the abdominal 
mass is variable and may not be the presenting symp- 
tom. Malaise and/or pain reflecting the presence of 
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Figure 77.1 Neuroblastoma metastatic to liver. Stage 


4S neuroblastoma underwent spontaneous regression. 
(Reproduced from Snyder et al,2’ with permission.) 


metastatic disease is the presenting complaint in up to 
60%. Anemia (from bone marrow involvement in 
50% of patients) is also a common presenting sign. 
The new or sudden onset of constipation or urinary 
retention may herald the well-known propensity of 
neuroblastoma to invade the spinal cord. In addition, 
transient pain attributable to bony metastases may 
mimic rheumatoid arthritis. Lung or brain metastases 
are common sites of relapse and late-stage disease. 
Paraneoplastic syndromes occur in fewer than 5% 
of neuroblastoma patients. Intractable diarrhea may 
result from the secretion of vasoactive intestinal pep- 
tide (VIP). However, this symptom, mimicking 
malabsorption syndrome, is more often associated 
with the better-differentiated ganglioneuroma or 
intermediately differentiated ganghoneuroblastoma. 
Resolution follows removal of the tumor. Another 
unusual symptom is cerebellar ataxia and opsomy- 
oclonus (dancing feet, dancing eyes; myoclonic 
encephalopathy of infants). This syndrome is of 
unknown pathogenesis and is more often associated 
with thoracic tumors.” Whereas symptoms of cate- 
cholamine excess (palpitations, tachycardia, and 
hypertension) are rare in neuroblastoma, they can 


occur from excess circulating tumor-derived norepi- 
nephrine. However, norepinephrine is less potent 
than its metabolite, epinephrine, in inducing these 
symptoms. These symptoms are more commonly 
found in patients with pheochromocytoma where the 
enzyme responsible is phenylethanolamine N-methyl- 
transferase (PNMT), which catalyzes the conversion 
of norepinephrine to epinephrine. 


Gross, histologic, molecular pathology, 
and markers 


Neuroblastomas arise from cells of neural crest origin, 
which ultimately form the sympathetic nervous sys- 
tems (sympathogonia). The sites of origin may be 
found at any location in the sympathetic nervous 
system with over one-half occurring in the neonatal 
abdominal cavity, and up to two-thirds from the 
adrenal gland. The remainder occurs in the sympa- 
thetic ganglia and, more rarely, in the organ of Zuck- 
erhandl. The spectrum of biologic behavior or 
potential of these tumors is broad. Malignant neuro- 
blastomas constitute the majority. Ganglioneuroblas- 
toma and ganglioneuroma represent progressively 
more benign forms of the tumor, reflecting more 
indolent clinical manifestations, better prognoses, as 
well as distinct morphology and biochemical profiles. 

The histopathologic features that define the malig- 
nant potential are unique. Homer Wright 
pseudorosettes, the diagnostic histologic presence of 
eosinophilic neutrophils surrounded by neuroblasts, 
occur in only one-half of cases.?” The presence of asso- 
ciated neuropils (pigmented neuritic processes) is 
pathognomonic for neuroblastoma. The other type of 
cell is the Schwann cell, which may be recruited into the 
tumor and constitutes the schwannian stroma, which 
makes up the mesenchymal component of the tumor. 
The degree of histologic differentiation is classified 
according to a variety of schemes but the most popular 
is that developed by Shimada, which has recently been 
revised by Joshi (Table 77.2), and a combination of the 
two is the basis of planned prospective trials.” 


Molecular pathology 


Molecular understanding of neuroblastoma has iden- 
tified several newer features of the disease that may 
aid in all aspects of its management, including diag- 
nosis, natural history, prognostic stratification, and 
treatment selection. These include analyses of nuclear 
and chromosomal material, and neuronal phenotyp- 
ing through assessment of various neuron-associated 
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Table 77.2 Histopathologic classifications of Shimada 
and Joshi 


growth factors. Whereas karyotyping has identified 
specific chromosomal abnormalities (see below), 
analysis of DNA ploidy has also revealed significant 
information. Paradoxically, neuroblastomas of the 
hyperdiploid variety are more likely to respond favor- 
ably to chemotherapy. Diploid or near-diploid 
tumors are associated with higher-stage disease 
(including unresectable tumors), poorer prognosis, a 
lower response to chemotherapy, and recurrence or 
progression.30-33 

The most widely reported genetic marker for 
neuroblastoma has been amplification of the MYCN 
(or N-myc) proto-oncogene.*#*4 The association 
between MYCN amplification and high-grade,*° 
advanced stage disease at presentation, rapid progres- 
sion, and overall poor prognosis is well established. 
Recently, an etiologic relationship between MYCN 
and neuroblastoma has been demonstrated by two 
complementary studies. Chan and co-workers from 


the Hospital for Sick Children in Toronto reported 
that elevations in MYCN protein expression in neu- 
roblastoma tissues is independently associated with 
poor prognosis in high-stage disease (III, IV, IVS) 
even in the absence of MYCN gene amplification.*© 
Furthermore, MYCN protein levels were prognostic, 
independent of the most significant clinical variables 
of age or stage,*° thus strongly supporting the con- 
cept that MYCN expression is directly involved in the 
cellular events of neuroblastoma progression. Con- 
versely, in the subgroup of patients who did well with 
normal MYCN gene expression, MYCN protein 
levels were undetectable.*° In a related animal study, 
the targeted overexpression of the MYCN gene in 
neuroectodermal cells led to the development of neu- 
roblastoma in MYCN transgenic mice.” MYCN 
tumorigenesis is further augmented in the absence of 
the recognized tumor suppressor genes NFI or 
RB1.*’ This demonstrates that MYCN’s transforming 
effect can be influenced by other genes, which is con- 
sistent with the emerging concept of multistep 
processes in malignant transformation. MYCN gene 
amplification is present in approximately 40% of 
patients with advanced stage III or IV disease (com- 
pared with <10% in low-stage patients) and its 
absence augurs a slower disease progression in these 
patients. 

A recent report by Wei et al*® at the National 
Cancer Institute has proposed an artificial neural net- 
work to define 19 predictable genes which would sub- 
stratify prognosis groupings beyond MYCN 
amplification. Also, Weber et al’? has shown that 
coexpression of insulin receptor-related activity and 
insulin-like growth factor correlated with enhanced 
apoptosis and differentiation in neuroblastomas. 

As mentioned above, deletions of chromosome 1 
and gains in chromosome 17 have been shown to 
carry strong prognostic information in advanced neu- 
roblastoma. A landmark report from a collaborative 
group in Europe has shown a very powerful associa- 
tion between gains in chromosome 17q and adverse 
neuroblastoma outcome. The study is important 
because of its large numbers, the availability of all 
clinical and genetic data variables for 85% of the 
patients in the cohort, and the close coordination 
between a team of basic and clinical researchers. In 
total, 313 children from six European centers were 
studied. Often, but not exclusively, the gain of 17q 
was linked to the loss of 1p. Most significantly, in uni- 
variate and multivariate analyses, 17q gain was inde- 
pendently predictive of poor outcome (30.6% 5-year 
survival with 17q gain vs 86% 5-year survival without 
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Table 77.3 Genetic neuroblastoma profiles 


17q gain).*° Prognosis may be further predicted by 
more chromosome changes on 3p and 11q.18 

A long-standing notion in tumorigenesis states that 
transformation (neoplasia) is the result of aberrant 
differentiation pathways leading away from the 
normal cell phenotype. As a result, neuroblastoma 
may represent an aberration of normal neuronal 
development. As such, several neuronal differentia- 
tion markers have been investigated in this disease, 
including chromogranin A, neuropeptide Y, and 
receptors for neurotropins such as nerve growth 
factor. Neuropeptide Y is detectable in abundance in 
the serum of neuroblastoma patients and may be 
useful in following tumor burden both before and 
after therapy.*! In tumor tissue, it reaches its highest 
levels in poorly differentiated neuroblastoma, com- 
pared with ganglioneuroblastoma or ganglioneu- 
roma.*! Conversely, chomogranin A derivatives may 
become useful markers of more favorably differenti- 
ated tumors.*! 

Acting through various receptors, neurotropic fac- 
tors are, by definition, involved in the differentiation 
of neural tissues. One family of neurotropin recep- 
tors, the tyrosine kinase receptors TRK-A, TRK-B, 
and TRK-C, is showing promise in understanding 
neuroblastoma biology. It appears that TRK-A gene 
expression is associated with favorable outcome, 
yielding its highest expression in more well-differenti- 
ated tumors.4%43 Furthermore, TRK-A levels are 
inversely correlated with MYCN gene expression.* 
Expression of TRK-C and shortened forms of TRK- 
B also portend better outcome.” Together, these 
observations have also led to speculation that func- 
tioning, intact neurotropin/TRK receptor pathways 
in these tumors may be further linked to their propen- 
sity to mature (differentiate) into ganglioneuromas, 
or regress through a cell-death pathway (from a pre- 
sumed eventual unavailability of factor for the recep- 


tor, or receptor malfunction). However, as our 
knowledge of the role of these pathways evolves, it is 
becoming clear that they carry potential as powerful 
markers of disease, or even as molecular therapeutic 
targets to manipulate neuroblastomas to assume dif- 
ferentiation or regression pathways. 

Drawing on the foregoing discussion, neuroblas- 
tomas may be stratified into specific prognostic sub- 
groups based on the genetic interplay represented by 
MYCN expression, LOH, DNA ploidy, and neu- 
rotropin receptor expression. Combined with age and 
stage, three genetic neuroblastoma profiles can be 
determined with differing survival rates (Table 77.3). 


Diagnosis, staging, and treatment 


The diagnosis of neuroblastoma is confirmed by his- 
tologic sampling of tumor tissue or bone marrow. 
Standard light and electron microscopic evaluation 
may be followed by immunohistochemical identifica- 
tion of tissue of neuronal origin. The vast majority of 
the tumors secrete catecholamines synthesized from 
the amino acid tyrosine in the sequence: dopa, 
dopamine [both excreted as homovanillic acid 
(HVA)], and finally norepinephrine. In contrast to 
pheochromocytomas, neuroblastomas lack the ability 
to convert norepinephrine to epinephrine. Norepi- 
nephrine and epinephrine are both excreted as VMA. 


Imaging techniques 


Traditionally, the presentation of an abdominal neu- 
roblastoma has been either by the discovery of an 
abdominal mass on physical examination, or the 
result of investigations to explain symptoms related to 
either metastatic disease or the neurendocrine mani- 
festations of the tumor. Abdominal ultrasonography 
will detect a great percentage of those tumors that 
occur in the abdominal cavity. Occasionally they are 
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found as an incidental finding in the course of 
pursuing an otherwise unrelated symptom. With 


increased sonographic screening this has now become 
a more common cause for presentation of these 
tumors.*° In the authors’ recent experience at a large 
children’s hospital there have been two instances in 
the past year when children who were being followed 
in the course of an investigation for antenatal 
hydronephrosis had neuroblastomas that became 
apparent and had not been present on prior examina- 
tions (Figure 77.2). 

Diagnostic imaging techniques are evolving and 
improving with great rapidity, and there is no con- 
sensus as to which method is best. The choices 
include ultrasonography, computed tomography 
(CT), and magnetic resonance imaging (MRI). The 
availability and the non-invasive nature of ultrasonog- 
raphy endorse this technology as the choice for the 
initial screening test. The time required for both CT 
and MRI makes their selection for young children 
more critical. Either of these techniques may be used 
to delineate and define the extent of the disease. Avail- 


Figure 77.2 (a) Ultrasound image of a neuroblastoma 
discovered in a 1-year-old child as ‘incidentaloma’ in 
the course of investigating contralateral antenatally 
diagnosed hydronephrosis. A prior sonogram 6 
months earlier with good views of the same area 
showed no evidence of mass lesion. (6 and c) Trans- 
verse and sagittal magnetic resonance images of the 
same lesion, showing relationships in the retroperi- 
toneum. 


Figure 77.3 Transverse computed tomographic scan 
of retroperitoneal recurrence of a previously excised 
stage 3 neuroblastoma. 


ability may be the most critical determinant of which 

technique should be used (Figures 77.2 and 77.3). 
In seeking metastatic disease a chest radiograph is a 

useful initial step. Radioisotope bone scanning using 
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Figure 77.4 Posterior view of thorax and skull. 
Increased uptake is seen in skull, upper thoracic spine 
and left and right ribs (arrows) as a result of metastatic 
neuroblastoma. The decreased uptake at T12 is an 
unusual manifestation of metastatic tumor. The right 
suprarenal uptake of tracer is within the primary tumor 
(double arrow). 


technetium 99m (??™TC)-methylene diphosphonate 
is more accurate than a standard X-ray skeletal survey 
for the detection of bony metastases (Figure 77.4). 


Prognostic markers 


Both clinical and biochemical markers have evolved 
that are helpful in the management of neuroblastoma. 
The best recognized are the traditional clinical para- 
meters of age at diagnosis and tumor stage. Patients 
diagnosed at 1 year of age appear to show consistently 
better survival outcomes than older children, even in 
the presence of advanced disease at presentation. Sur- 
vival also stratifies dramatically with respect to disease 
stage, with 75-90% 5-year survival for stage 1, 2, and 
4S patients, compared with 10-30% 2-year survival 
for stage 3-4 disease. 

Various biochemical and cell-associated parameters 
have also been assessed for their prognostic ability in 
the management of neuroblastoma. Serum ferritin is 
elevated during periods of rapid tumor growth and/or 


large tumor burden. Whether this reflects a growth 
requirement for ferritin by the tumor or is a product of 
neuroblastoma cell metabolism is unknown. Ferritin 
levels appear to discriminate between stage 4 and stage 
4S disease.*° Lactate dehydrogenase (LDH) is elabo- 
rated non-specifically in several tumor types, including 
neuroblastoma, where it may reflect rapid tumor cell 
turnover and tumor burden.” Neuron-specific enolase 
is a cytoplasmic enzyme found in cells of neural 
origin.*8 Neuroblastoma prognosis appears worse if 
elevated levels are detected in serum, although this 
marker is not specific to neuroblastoma.*® Serum and 
tissue ganglioside GD2 is a glycosphingolipid shed by 
neuroblastoma tumor cells. It may reflect tumor 
burden, and decreasing levels may be seen as a positive 
response to successful reduction of tumor load. The 
presence of GD2 on the cell surface has attracted inter- 
est in targeting this molecule using immunotherapy 
strategies.4°->! Finally, matrix _metalloproteinases 
(MMPs) are cellular enzymes required to break down 
the extracellular matrix and facilitate cell movement 
through the matrix during the metastatic process. Very 
recently, tumor cell expression of a membrane-associ- 
ated MMP was found to correlate with advanced stage 
and poor outcome in neuroblastoma.*” 


Staging 


A disease with such diverse manifestations as neuro- 
blastoma in childhood needs a comprehensive staging 
system to allow precise diagnostic criteria and a 
method for categorizing and quantifying disease. 
Such a staging system then acts as a template upon 
which diagnostic criteria can be applied to various 
subgroups of disease, and permits definition of out- 
come measures that will allow collaboration between 
centers in implementing and assessing clinical trials. 
An international working group published the out- 
come of its deliberations in 1988.5? The staging 
system recommended is known as the International 
Neuroblastoma Staging System (INSS) and the 
response criteria are referred to as the International 
Neuroblastoma Response Criteria (INRC). This 
staging system has now replaced previous systems by 
Evans, originally established by the Pediatric Oncol- 
ogy Group (POG). Table 77.4 outlines the three stag- 
ing systems, thus facilitating some comparison of 


previously published data. 


Treatment 


Therapy of neuroblastoma requires close coordina- 
tion of medical, surgical, and radiation oncologists 
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Table 77.4 Neuroblastoma staging systems 


Evans and D’Angio 


Stage I 
Tumor confined to the organ or 
structure of origin 


Stage II 

Tumor extending in continuity 
beyond the organ or structure 
of origin but not crossing the 
midline. Regional lymph nodes 
on the ipsilateral side may be 
involved 


Stage IlI 

Tumor extending in continuity 
beyond the midline. Regional 
lymph nodes may be involved 
bilaterally 


Stage IV 

Remote disease involving the 
skeleton, bone marrow, soft 
tissue, distant lymph node 
groups, etc. (see stage IV-S) 


State IV-S 

Patients who would otherwise 
be stage | or Il, but who have 
remote disease confined to 
liver, skin, or bone marrow 
(without radiographic evidence 
of bone metastases on 
complete skeletal survey) 


POG 


Stage A 

Complete gross resection of 
structure of origin/primary 
tumor, with or without 
microscopic residual. 
Intracavitary lymph nodes, not 
adhered to and removed with 
primary (nodes adhered to or 
with tumor resection may be 
positive for tumor without 
upstaging patient to stage C), 
histologically free of tumor. If 
primary in the abdomen or 
pelvis, liver histologically free 
of tumor 


Stage B 

Grossly unresected primary 
tumor. Nodes and liver same as 
stage A 


Stage C 

Complete or incomplete 
resection of primary. 
Intracavitary nodes not adhered 
to primary histologically 
positive for tumor. Liver as in 
stage A 


Stage D 

Any dissemination of disease 
beyond intracavitary nodes (i.e. 
extracavitary nodes, liver, skin, 
bone marrow, bone) 


Stage DS 

Infants <1 year of age with 
stage IV-S disease (see Evans 
and D’Angio) 


INSS 


Stage I 

Localized tumor with complete gross 
excision without microscopic residual 
disease; representative ipsilateral 
lymph nodes negative for tumor 
microscopically (nodes attached to 
and removed with the primary tumor 
may be positive) 


Stage 2A 

Localized tumor with incomplete 
gross excision; representative 
ipsilateral non-adherent lymph nodes 
negative for tumor microscopically 


Stage 2B 

Localized tumor with or without 
complete gross excision, with 
ipsilateral non-adherent lymph nodes 
positive for tumor. 

Enlarged contralateral lymph nodes 
must be negative microscopically. 


Stage 3 

Unresectable unilateral tumor 
infiltrating across the midline, with or 
without regional lymph node 
involvement; or localized unilateral 
tumor with contralateral regional 
lymph node involvement; or midline 
tumor with bilateral extension by 
infiltration (unresectable) or by lymph 
node involvement 


Stage 4 

Any primary tumor with 
dissemination to distant lymph 
nodes, bone, bone marrow, liver, 
skin, and/or other organs (except as 
defined for stage 4S) 


Stage 4S 

Localized primary tumor as defined 
for stage 1, 2A, or 2B with 
dissemination limited to skin, liver, 
and/or bone marrow (limited to 
infants <1 year of age) 


POG = Pediatric Oncology Group; INSS = International Neuroblastoma Staging System. 


From Halperin et al.53 


and clearly represents a prime example of multi- 
modal cancer therapy. Surgical intervention plays a 
dual role. At the time of diagnosis, open or laparo- 
scopic approaches may be necessary to obtain ade- 


quate and thorough samples for histologic and mol- 
ecular diagnosis and marker analysis. Needle biopsy 
materials are most often inadequate for these pur- 
poses. For selected tumors, primary surgical excision 
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may be possible, particularly for small, locally con- 
fined cases. In this regard, laparoscopic surgery may 
be considered and has been used successfully for small 
tumors identified by screening.” Laparoscopy is safe 
and feasible for adrenal tumors.°° Given that infant 
screening detects tumors that are generally biologi- 
cally favorable, laparoscopic surgery may be a safe 
modality on oncologic grounds. Open surgical dissec- 
tion is also employed to both assess response to ther- 
apy and excise residual disease after initial courses of 
chemotherapy have been completed. Recent reports 
have suggested a higher incidence of nephrectomy in 
children with neuroblastoma who were treated with 
primary surgical intervention.°° 

Chemotherapy is a major component of the treat- 
ment of neuroblastoma. Both single-agent and syner- 
gistic multiagent drug regimens are used, combining 
cell-cycle-specific and cell-cycle-independent drugs to 
achieve the maximum ratio of therapeutic benefit to 
toxicity. Ionizing radiation has a role in neuroblas- 
toma treatment as the tumor is radiosensitive. It is 
most useful in achieving local control on the one 
hand, and palliation of disease uncontrollable by 
other modalities on the other. As a primary modality, 
however, radiotherapy is limited by the extensive 
metastatic proclivity of many neuroblastomas. The 
agent metaiodobenzylguanidine (MIBG), used in the 
localization of neuroblastomas and pheochromocy- 
tomas, has been studied for its ability to bind to neu- 
roblastoma tumors systemically and carry with it 
radioligands such as iodine-131 that are toxic to the 
tumor cells.5!57°8 This approach has also been used 
as a surgical adjunct to guide tumor tissue resection 
using the gamma camera intraoperatively once the 
tumor is radiolabeled by preoperative injection of 
[1!3!]MIBG.°° 

Given the aggressive nature of advanced and higher 
staged disease, efforts continue to attempt improved 
disease control in this subset of patients while refining 
therapy to limit toxicity in lower stage and more 
favorable disease. 


Treatment strategy 


The ability to stratify patients into distinctly risk- 
related groups, by application of the varied but highly 
accurate histologic and molecular diagnostic and stag- 
ing methodologies, has permitted the much more 
judicious and specific use of the therapeutic regimens. 

Stage 1 and 2 tumors (low risk) are treatable by 
primary surgical resection alone, with no need for ini- 
tial chemotherapy or radiotherapy. A prognosis of up 


to 89% survival has been reported in this group of 
patients.?°8.9 Kushner et alô? have shown that excel- 
lent results (80 to survival) can be achieved even with 
reduction in the number of chemotherapy cycles from 
7 to 5. In another report, the same authors® have 
shown that surgery alone is a potentially curable treat- 
ment for recurrent disease. Stage 4S tumors will 
undergo spontaneous remission and are thus consid- 
ered low risk. However, if symptoms are present 
related to severe hepatic metastatic disease or respira- 
tory compromise, patients may benefit from 
chemotherapy or radiation therapy in small doses. 

Stage 3 tumors (intermediate risk) still have an 
excellent overall survival rate of up to 89% but 
chemotherapy is advised following primary surgical 
excision. Second-look surgery may also be appropri- 
ate after chemotherapy. The goal of therapy in this 
group is to reserve more intense therapy for those 
children with biologically unfavorable tumors. 

Patients with stage 4 disease (high risk) have 
derived minimal benefits from even the most intensive 
regimens. Multiagent chemotherapy remains the stan- 
dard primary treatment strategy for these patients. 
Only a number of adolescents have developed stage 4 
neuroblastomas and their prognosis remains poor.® 
There have been isolated applications of ablative 
chemotherapy and bone marrow transplantation and 
these intensive therapeutic approaches are currently 
being explored in multicenter trials. The overall prog- 
nosis in this group of children remains very low 
(15-35% survival). An additional risk of bone 
marrow transplant is Epstein—Barr virus-related lym- 
phoproliferative disease (EBV-LPD). Powell et al® 
from the Children’s Hospital of Philadelphia outlined 
an incidence of 4% of neuroblastoma patients who 
received a bone marrow transplant and developed 
EBV-LPD. Treatment of the lymphoprofilerative dis- 
ease was successful in four of the five patients. 


Ganglioneuroma 


A more histologically benign counterpart of neuroblas- 
toma is the ganghoneuroma. Ganglioneuroblastoma is 
an intermediate malignant classification between gan- 
glioneuroma and neuroblastoma, and for treatment 
purposes is regarded with neuroblastoma. Ganglioneu- 
romas are most often seen in older children and present 
as abdominal masses. It is intriguing to hypothesize 
that late development of a more benign variant may 
represent a ‘second hit’, but these tumors do not exhibit 
an ‘explosive’ form of metastatic behavior.® Nonethe- 
less, by virtue of their inexorable growth and distortion 
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Figure 77.5 (a) Magnetic resonance scan of patient 
with a ganglioneuroma, showing obstruction of the 
ureters. (6) Primary neuronal masses displacing the 
bladder anteriorly and the rectum posteriorly. (c) T2- 
weighted image of the same pelvic area as in (b), 
showing the different appearance of neural tissues. 


Figure 77.6 Pathologic section of area of excised 
ureter, with ureter encased in, but not invaded by 
tumor tissue. 


of adjacent tissues they can have a very morbid clinical 
course. Such a case is illustrated in Figure 77.5, in 
which both gastrointestinal and genitourinary tissues 
are grossly displaced. The urologic system, in particu- 
lar, may exhibit such profound destruction that urinary 
diversion may be deemed necessary. The figures illus- 
trate the results of MRI, which can provide eloquent 
detail of the soft-tissue involvement by these tumors, 
while there is no evidence of direct histologic invasion 
of the compressed tissues (Figure 77.6). 

The correlation of the MRI features with latent 
malignant potential in these tumors has been docu- 
mented by Ichikawa et al.°” They were able to show 
that punctate calcification on the CT scan and low or 
intermediate attenuation are common in ganglioneu- 
romas. The MR images are mainly of low intensity on 
T1-weighted images (T, WI) and of high intensity on 
T2-weighted images (T,WI). Dynamic MR studies 
show a lack of early involvement but gradually 
increasing enhancement. The authors concluded that 
the absence of these features, judged ‘typical’ for gan- 
glioneuroma, should suggest a potential for a more 
malignant course. The slow-growing nature of gan- 
glioneuromas may also have a devastating effect on 
vascular and neurologic function by virtue of its com- 
pressive effects on adjacent structures. Figure 77.7 
demonstrates extension along the sacral nerve prior to 
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Figure 77.7 Extension of ganglioneuroma down the 
sheath of the sacral nerve. 


the appearance of clinical degeneration. This and 
other cases have demonstrated the potential for clini- 
cal morbidity that may be associated with gan- 
glioneuroma despite its non-metastatic nature. To 
prevent these localized effects, incomplete surgical 
resection may be justified in the absence of effective 
chemotherapy or radiotherapy. 


Pheochromocytoma 


Clinical features and presentation 


Pediatric pheochromocytoma is an extremely uncom- 
mon primary tumor of the adrenal medulla, although 
it is the most common hyperfunctioning form of this 
tissue in children. Over a period of 5 years at the Hos- 
pital for Sick Children in Toronto, of 30 patients pre- 
senting with a primary adrenal tumor, only one, a 
16-year-old girl, had a pheochromocytoma (pers 
comm). The tumors arise in the autonomic system, 
with 90% originating in the adrenal gland. Cate- 
cholamine production is the norm and is the basis for 
both the clinical manifestations and laboratory diag- 
nosis. Pediatric pheochromocytomas can be seen in 
association with a variety of diseases including neu- 
rofibromatosis, von Hippel—Lindau disease, Sturge- 
Weber syndrome, and multiple endocrine neoplasias 
(MEN-2). Those associated with MEN-2 are more 
likely to occur later in life and are more likely to be 
bilateral. Almost 25% of patients with apparently spo- 
radic pheochromocytoma may be carriers of the muta- 
tions, thus justifying an in-depth analysis.° 


Imaging, biochemical features, and new 
prognostic markers 


The diagnosis of pheochromocytoma in childhood is 
suggested by the rare coexistence of hypertension and 


abdominal mass detectable on sonographic evalua- 
tion. Non-palpable pheochromocytoma causing sec- 
ondary hypertension in children is exceedingly rare. 
The diagnosis is confirmed by means of either serum 
or urine confirmation of hypersecretion of cate- 
cholamines. 

As stated previously, the principal catecholamine 
that produces the classic characteristic symptoms of 
flushing, palpitations, hypertension (vasoconstric- 
tion), and anxiety in patients with pheochromocy- 
toma is epinephrine. Epinephrine is a metabolite of its 
precursor, norepinephrine. The latter is a less potent 
mediator of the clinical constellation seen in 
pheochromocytoma. However, compared with neu- 
roblastoma, both catecholamines are more commonly 
produced by pheochromocytomas. Pheochromocy- 
tomas, particularly those of adrenal origin, produce 
the enzyme PNMT, which catalyzes the conversion of 
norepinephrine to epinephrine. As such, the norepi- 
nephrine to epinephrine ratio has been used to distin- 
guish pheochromocytomas of adrenal from those of 
extraadrenal origin. Weise et al? have recently 
endorsed the sensitivity of the ratio of free 
metanephrines, and this has been confirmed by 
others.” 

With respect to diagnostic imaging, the initial 
methodology in suspected cases is ultrasonography 
(Figure 77.8). Thereafter, either CT or MRI can be 
employed to confirm the diagnosis of an adrenal or a 


Figure 77.8 Ultrasound image of a left suprarenal 
tumor in a 16-year-old child presenting with hyperten- 
sion. 
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Figure 77.9 Computed tomographic image of left 
suprarenal pheochromocytoma, as seen in ultrasound 
in Figure 77.8. 


para-adrenal mass (Figure 77.9). Serologic or creati- 
nine-specific measures of catecholamine excretion in 
the urine are then undertaken. The most specific diag- 
nostic imaging methodology is radionuclide scanning 
using [I'#!]MIBG scintigraphy (Figure 77.10). With 
this approach, the sensitivity is greater than 90%.7! 
[1!3!]MIBG scanning is particularly valuable in the 
localization of tumors that are outside the adrenal 
gland.7273 

One of the persisting challenges in pheochromocy- 
toma management remains the inability to define pre- 
cisely whether a given tumor is benign or malignant. 
The current gold standard criterion for malignancy 
remains the appearance of metastases. As a predictor 
of malignancy, this is analogous to predicting that 
automobile brakes are defective based on the occur- 
rence of a collision. Clearly, more accurate markers 
for determining malignancy of pheochromocytoma 
are needed. Recent studies have identified biologic 
features of pheochromocytomas that may hold 
promise in determining the metastatic proclivity of 
the tumor. For example, telomeres comprise repeated 
nucleotide sequences on the ends of chromosomes. 
During normal cell aging, they progressively shorten 
with successive normal cell replications. In normal 
cells, this shortening is thought to be associated with 
waning activity of the enzyme that produces the 
telomeres. Recent retrospective molecular analysis of 
pheochromocytoma tumors known to be benign or 
malignant reveals that telomerase, the RNA poly- 
merase enzyme responsible for the production of 
telomeres, shows increased activity exclusively in 


Figure 77.10 MIBG abdominal scan, with uptake of 
radionuclide in the left suprarenal area, in a 16-year-old 
patient with pheochromocytoma. 


tumors known to be malignant.”+7> Similarly, anti- 
body-based approaches that detect proliferating cells 
are being used increasingly to describe the malignant 
phenotype in tumors. One such antibody, MIP-1, 
selectively recognizes cells engaged in the cell cycle 
(i.e. scheduled to undergo mitosis, but not necessarily 
in the process of mitosis). Its predictability was 
explored in a survey of pheochromocytomas in which 
malignancy was confirmed by the existence of metas- 
tases. A positive MIB-1 labeling index (defined as 
>3% of tumor cells staining positive for MIB-1 vs the 
total number of cells counted) showed a specificity of 
100% (benign tumors stained negative) and sensitiv- 
ity of 50% (half of the malignant tumors stained pos- 
itive).’° Although sensitivity was poor, the ability to 
define benign disease accurately in this manner would 
be clinically reassuring. 


Therapy 


The historic importance of pheochromocytomas with 
respect to surgery is not the technical nature of their 
excision but the associated anesthetic risks. These relate 
to the potential for drastic changes in the excretion of 
catecholamines upon manipulation and subsequent 
removal of the tumor. The challenges revolve around 
stabilization of blood pressure intraoperatively and the 
prevention of potential cardiovascular collapse at the 
time of tumor removal or ligation of the veins deliv- 
ering catecholamines to the systemic circulation. In 


Tumors of the retroperitoneum 1351 


infants, particularly in the preoperative state, these risks 
are a great concern. In view of the high specificity and 
reduced invasiveness of modern serologic and radionu- 
clide diagnostic methodologies, risk factors are 
reduced. Prevention of problems in the treatment of 
pheochromocytoma is considered one of the primary 
goals. As in adults, the mainstay of preoperative ther- 
apy includes blockade of a-adrenergic receptors (phe- 
noxybenzamine) accompanied by adequate systemic 
volume repletion once the vasoconstrictive and 
volume-contracted state has been overcome. Cardiac 
B-blockade (propranolol) in every case to prevent reflex 
tachyarrhythmias remains controversial but should at 
least be considered in selected cases. Clearly, preoper- 
ative pharmacologic management of affected children 
should be undertaken in collaboration with the pedi- 
atric endocrinologist and anesthesiologist. If adequate 
blockade and volume replacement are achieved pre- 
operatively, manipulation of the tumor is usually not 
accompanied by large variations in blood pressure and 
large additional volume requirements are usually not 
found necessary upon tumor removal. 

Perianesthetic risks and outcomes of surgical resec- 
tion have been recently outlined and still rely mainly 
on premedication and f-adrenergic blockade.” In 
this paper, the authors outline the methodologies of 
perioperative adrenal modulation, and confirm the 
absence of mortality, myocardial infarctions, or cere- 
brovascular events in a large series of patients (n = 
41). They do confirm, however, a substantial mor- 
bidity, with 41 patients noting substantial intraopera- 
tive events, most commonly hypertension, or other 
intraoperative hemodynamic lability. 

Open surgical excision by the flank or posterior lum- 
botomy approach has been the classic means of treat- 
ment. However, Rutherford et al’® have published an 
excellent review of the laparoscopic experience of exci- 
sion of these tumors. Laparoscopic removal is now the 
standard of care, although the limited operating space 
may be challenging in smaller children. Hwang et al’? 
at the National Cancer Institute have confirmed the 
safety of this approach in children. They noted that 
patients treated laparoscopically have a significant 
reduction in recovery time as well as a low complica- 
tion rate. It may well be that this will become the most 
widely accepted method of surgical excision. 


Sacrococcygeal teratoma 


Sacrococcygeal teratoma (SCT) is the most common 
neoplasm in the newborn, and one of the first tumors 


successfully excised surgically.8° Virchow coined the 
term ‘teratoma’, referring to a coccygeal growth with 
diverse anatomic characteristics. The tumors originate 
from all three embryologic tissues: ectoderm, meso- 
derm, and endoderm. Although they have provoked 
great interest because of their occurrence early in life 
and their dramatic appearance at birth, they have 
achieved even more current interest because of the 
facility and frequency with which they can be diag- 
nosed by antenatal ultrasonography.8}82 Antenatal 
diagnosis is now the rule, with diagnosis, definition of 
intrauterine risk factors and, in some limited cases, 
intrauterine treatment being feasible.83-85 The appear- 
ance and character of the tumors are highly variable 
since they may be internal or external. SCTs have no 
known etiology. They are usually benign, but may 
undergo malignant degeneration. 


Pathology 


A teratoma is a neoplasm composed of multiple tis- 
sues that are foreign to the area in which it arises. Ter- 
atomas are grouped into those benign lesions with 
mature tissue (70%), those having malignant anaplas- 
tic elements (20%), and a third, embryonic group 
(10%) that may contain histologically immature- 
appearing benign tissue that does not progress to 
mature organ formation. This latter group carries a 
generally favorable prognosis following total excision. 
In the benign varieties, elements such as skin, teeth, 
central nervous system (CNS) tissue, cartilage, bone, 
and respiratory and alimentary mucosa may be seen. 

Infants diagnosed with SCT at >1 year of age as 
well as older children are more likely to have malig- 
nant elements. To detect these elements, the patholo- 
gist must undertake an extensive search through all of 
the varied elements within the tumor. The term ‘yolk 
sac or endodermal sinus tumor is the name appropri- 
ately used for the malignant elements in such tumors. 
These tissues represent a separate element of the ter- 
atomatous cell line. Elevated serum levels of o-feto- 
protein may be seen in these cases. 


Clinical features and presentation 


The traditional mode of presentation of these tumors 
has been discovery at birth. In most developed coun- 
tries where antenatal sonography is now either 
mandatory or prevalent, they are discovered by ante- 
natal sonography. A reviews” of antenatally diagnosed 
SCTs demonstrated a high incidence of in-utero mor- 
tality (19%) coupled with a perinatal mortality of 
14%. The hydrops causing this in-utero mortality 
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may now be predicted by ultrasound and MRI.*% 
They may also be treated.*+ The incidence of prema- 
ture labor in this series was 50%. Thus, although the 
pathology of SCT is often benign, the overall out- 
come is associated with considerable morbidity and 
mortality. Those clinical features in the antenatal state 
that correlated with a poorer prognosis included poly- 
hydramnios (an early sign of fetal distress and predic- 
tor of placental megaly-hydrops fetalis), tumor 
hypervascularity, or the presence of a solid tumor (a 
risk factor for both malignancy and vascular steal syn- 
drome), large tumor size at delivery (>10 cm in its 
greatest dimension), and a fast rate of tumor growth 
relative to cranial growth. 

A solid tumor is the most ominous predictor of 
poor outcome. A fetus with a solid tumor has a mor- 
tality rate of 66% compared with a mortality of 11% 
for cystic or mixed tumors. Thus, mothers carrying a 
fetal diagnosis of SCT at the time of clinical obstetric 
presentation are definitely at risk for prenatal and 
perinatal complications. The presence of polyhydram- 
nios appears to be a relative predictor or warning sign 
of premature labor. 

There is a 5-25% association with other congenital 
anomalies in infants with benign SCT. Seventy-five 
percent of the infants are female, harboring primarily 
benign tumors.7! The sex distribution is more evenly 
distributed between males and females in those whose 
tumors develop malignant degeneration. 


Classification 


The classification of SCT was proposed in 1974 by 
Altman and comprises: type 1, totally external; type 
2, primarily external with internal component; type 3, 
almost completely internal; and type 4, totally inter- 
nal®! (Figure 77.11). 

Today, since most SCTs may well be diagnosed in 
the antenatal state following obstetric ultrasonogra- 
phy, an improved prognosis may be anticipated fol- 
lowing delivery by cesarean section. The latter is 
advised as an initial attempt to decrease perinatal mor- 
tality and morbidity. The major early cause for mor- 
bidity relates to tumor rupture, for which cesarean 
section is the best prophylaxis. In Altman’s classifica- 
tion, large tumors were defined as being >10 cm, and 
these appear to be associated with greater morbidity. 

When not diagnosed prior to birth, external tumors 
are found at delivery. Internal tumors may present as 
an abdominal mass, with the diagnosis of SCT noted 
by neonatal ultrasonography. Prior to the widespread 
use of prenatal ultrasound, some authors*® had pro- 


Figure 77.11 Classification of sacrococcygeal ter- 
atomas. Type 1: tumors are predominantly external 
(sacrococcygeal) with only a minimal presacral com- 
ponent. Type 2: tumors present externally but with a 
significant intrapelvic extension. Type 3: tumors are 
apparent externally but the predominant mass is pelvic 
and extends into the abdomen. Type 4: tumors are 
presacral with no external presentation. (Adapted from 
(Altman et al,81 with permission.) 


posed that all newborns should have a rectal examina- 
tion to exclude internal SCT, but acknowledged that 
the rarity of the tumor would result in positive iden- 
tification in only 1 out of 400 000 babies. 


Laboratory 


Tumors that undergo malignant degeneration may 
produce o-fetoprotein and/or B-human chorionic 
gonadotropin (B-hCG). These proteins are indicators 
of malignant degeneration in the dermal sinus or 
choriocarcinomatous components of the tumor.80:8? 


Imaging 


Imaging studies for complete assessment include CT 
and MRI. Radiographic detection of calcification 
does not distinguish between benign and malignant 
tumors (Figures 77.12 and 77.13). 


Treatment 


With the increasing availability of antenatal diagnosis, 
the question of antenatal intervention has had a logi- 
cal appeal. Other forms of intrauterine therapy, such 
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Figure 77.12 Computed tomographic images of cystic teratoma in a 6-month-old child, arising from the pelvis (a) 


and filling the abdomen (b). 


as intrauterine transfusion and decompression of a 
dilated urinary tract, have been successful as early as 
16 weeks’ gestational age. It has been speculated that 
ligating the blood supply to the tumor prenatally may 
be effective in decreasing its size and/or controlling 
the hyperdynamic state in the perinatal period.”°.?! 
The Children’s Hospital of Philadelphia has reported 
success in antenatal debulking in four fetuses out of 
30 presenting in the period 1995-2003. Although 
one fetus died and the other three experienced signif- 
icant morbidity, the authors consider the intervention 
potentially lifesaving in view of the higher mortality 
(16/30) of the overall group.*4 

Postnatal therapy of SCT is primarily surgical. 
Devascularization of the tumor may be of benefit; 
however, this is best applied as the first intraoperative 
component of surgical removal.?.9! Complete surgi- 
cal excision should be the rule, with en bloc removal 
of the involved portion of the coccyx. A laparoscopic 
approach may help with both control of the blood 
supply in infants or in dissection of the internal exten- 
sions of the tumor.?? Burdis and coworkers at the 
Children’s Hospital of Philadelphia have used car- 
diopulmonary bypass to facilitate removal of large 
tumors.?? 

The three clinical groups of presentations com- 
prise: 


antenatal detection 

those that appear at birth or in the neonatal period 
with large, benign tumors 

those that appear later (>1 year of age), which are 
often smaller, fixed, and malignant. 


Figure 77.13 Computed tomographic image of a more 
solid teratoma filling the central abdomen in a 6- 
month-old child. 


In the first two groups, total removal is the rule and 
is best achieved by a midline sacral or chevron inci- 
sion. The coccyx should be removed in the process of 
excising the tumor. With the retroperitoneal exten- 
sion of the teratoma, urinary, internal genital, and 
gastrointestinal organs may be displaced. They can 
usually be dissected free, with minimal injury to the 
viscera, and good access to the vascular supply of the 
tumor is usually afforded by this retroperitoneal 
approach. However, in more extensive cases, anterior 
abdominal exploration may be warranted. A generous 
surgical exposure to obtain control of the presacral 
vessels is recommended. Avulsion of the vessels is a 
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hazard to be avoided. In these instances, laparoscopic 
approaches prelaparotomy may be of benefit. In some 
rare instances, SCT may involve the dura or extend to 
the spine. This potential extension can be defined by 
meticulous preoperative imaging.°+?6 An inadvertent 
entry into the dura may result in a cerebrospinal fluid 
leak, which is associated with a higher morbidity. 
Modern imaging techniques, particularly MRI, will 
allow a clearer definition of these potential extensions 
to the CNS. 

The third group represents those children in whom 
tumors present at an age >1 year. These tumors are 
generally symptomatic, fixed, and firm. Diagnosis is 
established by ultrasound and/or physical examina- 
tion and confirmed by CT or MRI. These tumors are 
often of a malignant variety and serum o-fetoprotein 
is a sensitive marker. The appropriate surgical 
approach is initially directed at biopsy, followed by 
either multiagent chemotherapy or radiotherapy, in 
an attempt to decrease the size of the tumor, followed 
by surgical removal. 


Results of therapy 


Antenatal therapy may be advisable in a limited 
number of select fetuses, especially those at risk from 
high-output heart failure.83-85 In postnatal excisions, 
those undertaken in infancy for both external and 
internal SCT are remarkably successful in achieving 
complete removal of tumors with relatively little long- 
term morbidity.?” Incontinence is rare.7! However, in 
those cases where high sacrococcygeal extension is 
present necessitating transabdominopelvic excision, 
long-term fecal soiling and incontinence may be more 
prevalent. These sequelae may be related to more 
direct injury of skeletal muscular components or to 
some more occult neurogenic impairment of the vis- 
cera.°8 These sequelae may also be seen in the new- 
borns after the excision of large, benign tumors. 

Malignant SCT is rare in children under 6 months 
of age but, beyond that, the incidence rises sharply.” 
Malignant tumors may invade adjacent tissues or may 
recur in up to 40% of cases. Chemotherapeutic 
regimes, established in the 1990s, have added consid- 
erably to the improved outcomes. 100.101 


Long-term follow-up 


An evaluation of long-term follow-up in children with 
SCT showed that mature teratomas may have a recur- 
rence rate of up to 11%. Further treatment with sur- 
gical excision and combined chemotherapy resulted in 
an 85% cure rate.!°? On long-term follow-up, a 3% 


recurrence rate was noted for immature teratomas. 
They were detected by a rising a-fetoprotein level 6 
months after the initial procedure. These responded 
well to local excision. Endodermal sinus tumors 
detected and treated initially with surgical excisions 
represented only 9% of the tumors presenting at 
birth, whereas they represented 27% of the patients 
presenting at an older age. With long-term follow-up, 
89% are still alive in spite of the higher recurrence 
rate. 


Adrenal carcinoma 


Adrenal carcinoma represents fewer than 0.0001% of 
neoplastic tumors in children. The most common pre- 
sentation is abnormal virilization, occurring in two- 
thirds.103 Symptoms consistent with Cushing’s 
syndrome account for most of the remainder. Indi- 
vidual case reports have reported occasional aldos- 
terone-secreting tumors. Given the widespread 
availability of ultrasound imaging technology, the 
most common presentation currently is that of an 
incidental finding on an abdominal ultrasound. 

Adrenocortical tumors may also be a component of 
more global genetic malformations. These include 
children with congenital adrenal hyperplasia, multiple 
endocrine syndromes (MEN 1), and Beckwith- 
Wiedemann syndrome. 


Clinical presentation 
Virilizing adrenal tumors 


Of the functioning adrenal cortical tumors, virilizing 
forms account for two-thirds, usually occurring in 
children >2 years. The tumors produce dehy- 
droepiandrosterone (DHEA), a weak androgen but 
one that is converted to A*-androstenedione and 
testosterone, which are more potent virilizing hor- 
mones. Boys with such tumors present with signs of 
precocious puberty. Girls respond with an increase in 
clitoral size, similar to that seen with congenital 
adrenal hyperplasia (Figure 77.14). Pubic and axillary 
hair may be seen in children of either gender. 

Other causes of premature virilization in boys 
include interstitial cell tumors of the testis or as a 
delayed manifestation of congenital adrenal hyperpla- 
sia. Clinical evaluation may give some clues towards 
distinguishing the underlying etiology. Unilateral or 
asymmetric testicular enlargement suggests a Leydig 
cell tumor. In patients with centrally stimulated pre- 
cocious puberty, testicular enlargement is bilateral. 
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Figure 77.14 Virilizing adrenal carcinoma in a 5-year- 
old girl. Note clitoral hypertrophy and pubic hair. There 
is no posterior labial fusion, as would be seen in con- 
genital adrenal hyperplasia. 


With virilizing adrenal tumors, the testes are usually 
small. 

The differential diagnosis in female children 
includes ovarian arrhenoblastoma and other rare 
tumors of the adrenal cortex. 


Cushing's syndrome 


Approximately one-third of children with adrenocor- 
tical tumors have the stigmata of Cushing’s syn- 
drome. Carcinoma may be responsible in up to 
one-half, with the others having bilateral adrenal 
hyperplasia. A benign adenoma may rarely be seen. 
The clinical appearance is in response to the excessive 
production of cortisol. This leads to protein catabo- 
lism, increased gluconeogenesis, and the typical obe- 
sity associated with cortisol excess. The moon facies 
and truncal obesity (Figure 77.15) of Cushing’s dis- 
ease are generally obvious when they are present in 
infants. 

The differential diagnosis in patients exhibiting 
excess adrenocortical activity includes adrenal adeno- 
mas and iatrogenic administration of steroids. This 
latter iatrogenic excess is commonly seen in children 
receiving transplanted organs. 


Figure 77.15 (a) Striking features of cortisol excess in a 17-month-old girl with adrenocortical carcinoma. In addi- 
tion, pubic hair and mild enlargement of the clitoris were present. (6) At 10 months after removal of the adrenocor- 
tical carcinoma, there was complete regression of the signs of Cushing’s syndrome. 
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Feminizing adrenal tumors 


Feminizing adrenal tumors are rare. They occur more 
frequently in males, and in these cases the more com- 
monly seen primary gynecomastia must be excluded. 


Diagnostic evaluation 


The critical diagnostic feature is the biochemical 
demonstration of adrenal hyperfunction. Urinary 
steroids typically show a markedly elevated 17-keto- 
steroid level. The free cortisol, DHA, and 17-hydroxy- 
steroid levels may also be elevated.!° Radioimmune 
assays of serum hormonal levels usually show eleva- 
tion of DHEA, A*-androstenedione, testosterone, and 
cortisol.!°5 Serum estrogen levels are elevated in the 
rare feminizing cases.!°° Occasionally, an elevated 
serum aldosterone level can be demonstrated in cases 
of adrenocortical carcinoma. 107 

In Cushing’s syndrome caused by adrenocortical 
carcinoma, the plasma cortisol level and urinary corti- 
costeroids are markedly elevated above the levels typ- 
ically seen with adrenal hyperplasia or an adrenal 
adenoma. A significant elevation in 17-ketosteroids, 
pregnanetriol, and estrogens may suggest carcinoma. 
The adrenocorticotropic hormone (ACTH) stimula- 
tion test produces no change in adrenocortical carci- 
nomas, whereas those patients with adrenal 
hyperplasia show an exaggerated normal response. In 
exogenous obesity, which occasionally may enter the 
differential diagnosis, the ACTH test result is normal. 
When benign adenomas are present, the ACTH test 
exhibits a subnormal response. Metyrapone blocks 
17B-hydroxylation in the adrenal cortex and leads to a 
fall in cortisol level with an increase in endogenous 


Table 77.5 Test results with various adrenocortical lesions 


ACTH. Thus, a test with metyrapone produces 
results similar to those produced by the ACTH test. 
The diurnal variation usually seen in normal cortisol 
levels is absent with both tumors and adrenal hyper- 
plasia. Dexamethasone blocks ACTH release in 
normal patients. The dexamethasone suppression test 
is useful to separate adrenal hyperplasia from tumors 
in that a large dose (8 mg) typically suppresses hyper- 
plasia but not a tumor!8 (Table 77.5). 

Modern diagnostic imaging has led to the greatest 
advances over the past decade (see section on imaging 
techniques under Neuroblastoma.) In addition to the 
ultrasound findings, MRI scanning has led to tremen- 
dous advances in the ability to distinguish adrenal car- 
cinoma from benign adenomas. !0110 


Treatment 


Treatment of adrenal cortical carcinoma is surgical. In 
children, open surgical removal may be accomplished 
by large, transverse abdominal incisions or, in some 
instances, by extended flank incisions. Laparoscopic 
removal is now widely used in adults and is improv- 
ing in children.”? The advances in imaging allow 
more limited surgical approaches than may have been 
previously encountered. Tumor diameter of >5 cm is 
a reasonable predictor of malignancy, whereas small 
adenomas may be approached in a more limited 
manner. Preoperative care must recognize the need 
for corticosteroid replacement in cases where corti- 
coid excess is anticipated. 

The prognosis for adrenal carcinoma is poor. 
Surgery is the primary mode of therapy and 
chemotherapy has not been effective in controlling 
widespread disease. 
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Lymphangiomas 


Lymphangiomas are benign tumors comprising a 
mass of anastomosing lymphatic channels. These are 
rare and most commonly affect the extremities. Most 
are congenital and may not become evident until a 
few years of age. When in the retroperitoneum, they 
are found by the evaluation of abdominal pain, which 
may be caused by the onset of spontaneous hemor- 
rhage into the mass. However, they may extend 
through the inguinal canal and present with the mis- 
diagnosis of hernia. Diagnosis is made on CT, at 
which time the low-density characteristic of lymphatic 
tissue is noted. 


Surgical excision of the majority of the wall of the 
tumor is ideal, but may not be technically possible 
without causing significant damage to adjacent organs. 
Large cysts may be drained into the peritoneal cavity. 


Neurofibroma 


Patients with neurofibromatosis (von Reckling- 
hausen’s disease) may present with abdominal neu- 
rofibromas similar to but as a more benign variant of 
ganghoneuromas. As outlined in the previous section 
on benign ganglioneuromas, partial excision may be 
an appropriate surgical treatment. 


Figure 77.16 Retroperitoneal lipoma. 
(a) Abdominal film (KUB) demonstrat- 
ing a retroperitoneal mass obliterat- 
ing the right psoas shadow and 
displacing the bowel to the left. (b) 
Excretory urogram showing the right 
kidney and ureter displaced across 
the midline to the left. Note the 
absence of hydronephrosis. (c) Aor- 
togram shows displacement of the 
right renal artery. The right kidney is 
now superior to the left kidney. The 
absence of neovascularity suggests 
the benign nature of the tumor. 
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Introduction 


The genitourinary system is exposed to a variety of 
possible injuries from the time the fetus develops. 
Individuals may suffer from congenital disorders, 
cancer, trauma, infection, inflammation, iatrogenic 
injuries, or other conditions that may lead to geni- 
tourinary organ damage or loss and necessitate even- 
tual reconstruction. Whenever there is a lack of native 
urologic tissue, reconstruction may be performed 
with native non-urologic tissues (skin, gastrointestinal 
segments, or mucosa from multiple body sites), 
homologous tissues (cadaver fascia, cadaver or donor 
kidney), heterologous tissues (bovine collagen), or 
artificial materials (silicone, polyurethane, Teflon). 
The tissues used for reconstruction may lead to com- 
plications because of their inherently different func- 
tional parameters. In most cases, the replacement of 
lost or deficient tissues with functionally equivalent 
tissues would improve the outcome for these patients. 
This goal may be attainable with the use of tissue 
engineering techniques. 


Tissue engineering: strategies for 
tissue reconstitution 


Tissue engineering follows the principles of cell trans- 
plantation, materials science, and engineering toward 
the development of biologic substitutes that can 
restore and maintain normal function. Tissue engi- 
neering may involve matrices alone, wherein the 
body’s natural ability to regenerate is used to orient or 
direct new tissue growth, or it may use matrices with 
cells. Inert biomaterials, without cells, can regenerate 
tissue when used for defects of up to 1 cm in diameter. 

When cells are used for tissue engineering, donor 
tissue is dissociated into individual cells, which are 
implanted directly into the host or expanded in cul- 


ture, attached to a support matrix, and reimplanted 
after expansion. The implanted tissue can be heterol- 
ogous, allogeneic, or autologous. Ideally, this 
approach allows lost tissue function to be restored or 
replaced in toto and with limited complications. 118 


Biomaterials for genitourinary tissue 
engineering 


Biomaterials in genitourinary tissue engineering func- 
tion as an artificial extracellular matrix (ECM) and 
elicit biologic and mechanical functions of native 
ECM found in tissues in the body. Biomaterials facil- 
itate the localization and delivery of cells and/or 
bioactive factors (e.g. cell adhesion peptides, growth 
factors) to desired sites in the body, define a three- 
dimensional space for the formation of new tissues 
with appropriate structure, and guide the develop- 
ment of new tissues with appropriate function.!? 
Direct injection of cell suspensions without biomate- 
rial matrices has been used in some cases,2%?! but it is 
difficult to control the localization of transplanted 
cells. 


Types of biomaterials 


The ideal biomaterial should be biocompatible, pro- 
mote cellular interaction and tissue development, and 
possess proper mechanical and physical properties. 
Generally, three classes of biomaterials have been used 
for engineering of genitourinary tissues: 


E naturally derived materials such as collagen and 
alginate 

E acellular tissue matrices such as bladder submucosa 
and small intestinal submucosa (SIS) 

E synthetic polymers such as polyglycolic acid 
(PGA), polylactic acid (PLA), and poly(lactic-co- 
glycolic acid) (PLGA). 
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Naturally derived materials and acellular tissue matri- 
ces have the potential advantage of biologic recogni- 
tion. Synthetic polymers can be produced 
reproducibly on a large scale with controlled proper- 
ties of strength, degradation rate, and microstructure. 


Vascularization 


One of the restrictions of the engineering of tissues is 
that cells cannot be implanted in volumes exceeding 
3 mm® because of the limitations of nutrition and gas 
exchange.?” To achieve the goals of engineering large 
complex tissues, and possibly internal organs, vascu- 
larization of the regenerating cells is essential. 

Three approaches have been used for vasculariza- 
tion of bicengineered tissue: 


E incorporation of angiogenic factors in the bioengi- 
neered tissue 

E seeding ECM with other cell types in the bioengi- 
neered tissue 

E prevascularization of the matrix prior to cell seed- 
ing. 

Angiogenic growth factors may be incorporated into 

the bioengineered tissue prior to implantation, in 

order to attract host capillaries and to enhance neo- 

vascularization of the implanted tissue. There are 

many obstacles to overcome before large entire tissue- 

engineered solid organs are produced. Current 


research in the field of angiogenesis research may pro- 
vide important knowledge and essential materials to 


accomplish this goal. 


Tissue engineering of urologic 
structures 


Urethra 


Various strategies have been proposed over the years 
for the regeneration of urethral tissue. Woven meshes 
of PGA (Dexon), without cells, have been used to 
reconstruct urethras in dogs,34# PGA has been used 
as a cell transplantation vehicle to engineer tubular 
urothelium in vivo.! SIS without cells was used as an 
onlay patch graft for urethroplasty in rabbits.” A 
homologous free graft of acellular urethral matrix was 
also used in a rabbit model.?° 

Bladder-derived acellular collagen matrix has proven 
to be a suitable graft for repair of urethral defects in 
rabbits. The neourethras created in the rabbit model 
demonstrated a normal urothelial luminal lining and 
organized muscle bundles.?” These results were con- 
firmed clinically in a series of patients with a history of 
failed hypospadias reconstruction wherein the urethral 
defects were repaired with human bladder acellular 
collagen matrices (Figure 78.1).?8 One of the advan- 
tages of this material over non-genital tissue grafts 


used for urethroplasty is that it is ‘off the shelf.” This 


Figure 78.1 Tissue engineering of the urethra using a collagen matrix. (a) Representative case of a patient with a 
bulbar stricture. (6) Urethral repair. Strictured tissue is excised, preserving the urethral plate on the left side, and 
matrix is anastomosed to the urethral plate in an onlay fashion on the right. (c) Urethrogram 6 months after repair. 
(d) Cystoscopic view of urethra before surgery on the left side and 4 months after repair on the right side. 
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eliminates the necessity of additional surgical proce- 
dures for graft harvesting, which may decrease opera- 
tive time, as well as the potential morbidity resulting 
from the harvest procedure. 

The above techniques, using non-seeded acellular 
matrices, were applied experimentally and clinically in 
a successful manner for onlay urethral repairs. How- 
ever, when tubularized urethral repairs were attempted 
experimentally, adequate urethral tissue regeneration 
was not achieved, and complications ensued, such as 
graft contracture and stricture formation.” Seeded 
tubularized collagen matrices have performed better in 
animal studies. In a rabbit model, entire urethral seg- 
ments were resected and urethroplasties were per- 
formed with tubularized collagen matrices either seeded 
with cells, or without cells. The tubularized collagen 
matrices seeded with autologous cells formed new tissue 
that was histologically similar to native urethra. The 
tubularized collagen matrices without cells led to poor 
tissue development, fibrosis, and stricture formation, 
findings that were recently confirmed clinically.*° 


Bladder 


Currently, gastrointestinal segments are commonly 
used as tissues for bladder replacement or repair. How- 
ever, gastrointestinal tissues are designed to absorb 
specific solutes, and when they come in contact with 
the urinary tract multiple complications may ensue, 
such as infection, metabolic disturbances, urolithiasis, 
perforation, increased mucus production, and malig- 
nancy.*!-83 Because of the problems encountered with 
the use of gastrointestinal segments, numerous inves- 
tigators have attempted alternative reconstructive pro- 
cedures for bladder replacement or repair such as the 
use of tissue expansion, seromuscular grafts, matrices 
for tissue regeneration, and tissue engineering with cell 
transplantation. A clinical experience involving engi- 
neered bladder tissue for cystoplasty reconstruction 
was commenced in 1999. A small pilot series of 7 
patients was reported, which used a collagen scaffold 
seeded with cells either with or without omentum cov- 
erage, or a combined PGA-collagen scaffold seeded 
with cells and omental coverage. The patients recon- 
structed with the engineered bladder tissue created 
with the PGA-collagen cell-seeded scaffolds showed 
increased compliance, decreased end-filling pressures, 
increased capacities and longer dry periods.** 


Tissue expansion for bladder augmentation 


A system of progressive dilation for ureters and blad- 


ders has been proposed as a method of bladder aug- 


mentation but has not yet been attempted clini- 
cally.*4+35 Augmentation cystoplasty performed with 
the dilated ureteral segment in animals has resulted in 
an increased bladder capacity ranging from 190% to 
380%.34 A system for the progressive expansion of 
native bladder tissue has also been used for augment- 
ing bladder volumes in animals. Within 30 days after 
progressive dilation, the neoreservoir volume was 
expanded at least 10-fold. Urodynamic studies 
showed normal compliance in all animals, and micro- 
scopic examination of the expanded neoreservoir 
tissue showed a normal histology. A series of 
immunocytochemical studies demonstrated that the 
dilated bladder tissue maintained normal phenotypic 
characteristics.35 


Seromuscular grafts and de-epithelialized 
bowel segments 


Seromuscular grafts and de-epithelialized bowel seg- 
ments, either alone or over a native urothelium, have 
also been attempted 2°? Keeping the urothelium 
intact avoids the complications associated with use of 
bowel in continuity with the urinary tract.3738 An 
example of this strategy is the combination of the 
techniques of autoaugmentation with those of entero- 
cystoplasty. An autoaugmentation is performed and, 
the diverticulum is covered with a demucosalized gas- 
tric or intestinal segment.* 


Matrices for bladder regeneration 


Non-seeded allogeneic acellular bladder matrices have 
served as scaffolds for the ingrowth of host bladder 
wall components. The matrices are prepared by 
mechanically and chemically removing all cellular 


14,43-45 The matrices 


components from bladder tissue. 
serve as vehicles for partial bladder regeneration, and 
relevant antigenicity is not evident. For example, SIS, 
a biodegradable, acellular, xenogeneic collagen-based 
tissue—matrix graft, was first used in the early 1980s as 
an acellular matrix for tissue replacement in the vas- 
cular field. It has been shown to promote regenera- 
tion of a variety of host tissues, including blood 
vessels and ligaments.4° Animal studies have shown 
that the non-seeded SIS matrix used for bladder aug- 
mentation is able to regenerate in vivo.47-48 

In multiple studies using various materials as non- 
seeded grafts for cystoplasty, the urothelial layer was 
able to regenerate normally, but the muscle layer, 
although present, was not fully developed. 1443,44,48 


Often the grafts contracted to 60-70% of their origi- 
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nal sizes,#? with little increase in bladder capacity or 
compliance.°? Studies involving acellular matrices 
that may provide the necessary environment to pro- 
mote cell migration, growth, and differentiation are 
being conducted. With continued bladder research in 
this area, these matrices may have a clinical role in 
bladder replacement in the future. Recently, bladder 
regeneration has been shown to be more reliable 
when the SIS was derived from the distal ileum.*7” 


Bladder replacement using tissue engineering 


Cell-seeded allogeneic acellular bladder matrices have 
been used for bladder augmentation in dogs. A group 
of experimental dogs underwent a trigone-sparing 
cystectomy and were randomly assigned to one of 
three groups: one group underwent closure of the 
trigone without a reconstructive procedure; another 
group underwent reconstruction with a non-seeded 
bladder-shaped biodegradable scaffold; and the third 
group underwent reconstruction using a bladder- 
shaped biodegradable scaffold that delivered seeded 
autologous urothelial cells and smooth muscle cells. ?7 

The cystectomy-only and non-seeded controls 
maintained average capacities of 22% and 46% of 
preoperative values, respectively. An average bladder 
capacity of 95% of the original precystectomy volume 
was achieved in the cell-seeded tissue-engineered 
bladder replacements (Figure 78.2). The subtotal cys- 


(a) |" 


tectomy reservoirs (Figure 78.2a) that were not 
reconstructed and the polymer-only reconstructed 
bladders (Figure 78.2b) showed a marked decrease in 
bladder compliance (10% and 42% of the preopera- 
tive value, respectively). The compliance of the cell- 
seeded tissue-engineered bladders (Figure 78.2c) 
showed no difference from preoperative values that 
were measured when the native bladder was present 
(106%). Histologically, the non-seeded scaffold blad- 
ders presented a pattern of normal urothelial cells, 
with a thickened fibrotic submucosa and a thin layer 
of muscle fibers. The retrieved tissue-engineered blad- 
ders showed a normal cellular organization, consist- 
ing of a trilayer of urothelium, submucosa, and 
muscle.!7 Preliminary clinical trials for the application 
of this technology have been performed and are cur- 
rently under evaluation. 


Genital tissues 
Reconstruction of corporeal smooth muscle 


One of the major components of the phallus is corpo- 
real smooth muscle. The creation of autologous func- 
tional and structural corporeal tissue de novo would be 
beneficial. In order to look at the functional parameters 
of the engineered corpora, acellular corporeal collagen 
matrices were obtained from donor rabbit penis, and 
autologous corpus cavernosal smooth muscle and 
endothelial cells were harvested, expanded, and seeded 


(c) 


Figure 78.2 Gross specimens and cystograms at 11 months of the cystectomy-only (a), non-seeded (polymer 
implants only) controls (b) and cell-seeded tissue-engineered bladder replacements (c). The cystectomy-only blad- 
der had a capacity of 22% of the preoperative value and a decrease in bladder compliance to 10% of the preoper- 
ative value. The non-seeded controls showed significant scarring, with a capacity of 46% of the preoperative value 
and a decrease in bladder compliance to 42% of the preoperative value. An average bladder capacity of 95% of the 
original precystectomy volume was achieved in the cell-seeded tissue-engineered bladder replacements and the 
compliance showed almost no difference from preoperative values that were measured when the native bladder 


was present (106%). 
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on the matrices. The entire rabbit corpora was removed 
and replaced with the engineered scaffolds. The experi- 
mental corporeal bodies demonstrated intact structural 
integrity by cavernosography and showed similar pres- 
sure by cavernosometry when compared with the normal 
controls. The control rabbits without cells failed to show 
normal erectile function throughout the study period. 
Mating activity in the animals with the engineered cor- 
pora appeared normal by 1 month after implantation. 
The presence of sperm was confirmed during mating, 
and was present in all the rabbits with the engineered 
corpora. The female rabbits mated with the animals 
implanted with engineered corpora conceived and deliv- 
ered healthy pups. Animals implanted with the matrix 
alone were unable to demonstrate normal mating activ- 
ity and failed to ejaculate into the vagina.>! 


Engineered penile prostheses 


Although silicone is an accepted biomaterial for penile 
prostheses, biocompatibility is a concern.5%53 The use 
of a natural prosthesis composed of autologous cells 
may be advantageous. In a recent study using an autol- 
ogous system, the feasibility of applying the engi- 
neered cartilage rods in situ was investigated.5+ 
Autologous chondrocytes harvested from rabbit ear 
were grown and expanded in culture. The cells were 
seeded onto biodegradable PLA-coated PGA polymer 
rods and implanted into the corporeal spaces of rab- 
bits. Examination at retrieval showed the presence of 
well-formed, milky-white cartilage structures within 
the corpora at 1 month. All polymers were fully 
degraded by 2 months. There was no evidence of ero- 
sion or infection in any of the implantation sites. Sub- 
sequent studies were performed to assess the 
long-term functionality of the cartilage penile rods in 
vivo. To date, the animals have done well and can cop- 
ulate and impregnate their female partners without 
problems. 


Female genital tissues 


Congenital malformations of the uterus may have 
profound implications clinically. Patients with cloacal 
exstrophy and intersex disorders may not have suffi- 
cient uterine tissue present for future reproduction. 
We investigated the possibility of engineering func- 
tional uterine tissue using autologous cells.55 Autolo- 
gous rabbit uterine smooth muscle and epithelial cells 
were harvested, then grown and expanded in culture. 
These cells were seeded onto preconfigured uterine- 
shaped biodegradable polymer scaffolds, which were 


then used for subtotal uterine tissue replacement in 


the corresponding autologous animals. Upon 
retrieval 6 months after implantation, histologic, 
immunocytochemical, and Western blot analyses con- 
firmed the presence of normal uterine tissue compo- 
nents. Biomechanical analyses and organ bath studies 
showed that the functional characteristics of these tis- 
sues were similar to those of normal uterine tissue. 
Breeding studies using these engineered uteri are cur- 
rently being performed. 

Similarly, several pathologic conditions, including 
congenital malformations and malignancy, can 
adversely affect normal vaginal development or 
anatomy. Vaginal reconstruction has traditionally 
been challenging, because of the paucity of available 
native tissue. Vaginal epithelial and smooth muscle 
cells of female rabbits were harvested, grown, and 
expanded in culture. These cells were seeded onto 
biodegradable polymer scaffolds, and the cell-seeded 
constructs were then implanted into nude mice for up 
to 6 weeks. Immunocytochemical, histologic, and 
Western blot analyses confirmed the presence of vagi- 
nal tissue phenotypes. Electrical field stimulation stud- 
ies in the tissue-engineered constructs showed similar 
functional properties to those of normal vaginal tissue. 
When these constructs were used for autologous total 
vaginal replacement, patent vaginal structures were 
noted in the tissue-engineered specimens, whereas the 
non-cell-seeded structures were noted to be stenotic.>° 


Ureters 


Ureteral non-seeded matrices have been used as a scaf- 
fold for the ingrowth of ureteral tissue in rats. On 
implantation, the acellular matrices promoted the 
regeneration of the ureteral wall components.°7 
Ureteral replacement with polytetrafluoroethylene 
(Teflon) grafts was also attempted in dogs, but with 
poor functional results.58 In a more recent study, non- 
seeded ureteral collagen acellular matrices were tubu- 
larized and used to replace 3 cm segments of canine 
ureters. The non-seeded acellular matrix tube was not 
able to successfully replace the segment of the ureter.°? 

Cell-seeded biodegradable polymer scaffolds have 
been used with more success to reconstruct ureteral 
tissues. In one study, urothelial and smooth muscle 
cells isolated from bladders and expanded in vitro 
were seeded onto PGA scaffolds with tubular con- 
figurations and implanted subcutaneously into 
athymic mice. After implantation, the urothelial cells 
proliferated to form a multilayered luminal lining of 
tubular structures, while the smooth muscle cells 
organized into multilayered structures surrounding 
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the urothelial cells. Abundant angiogenesis was evi- 
dent. The degradation of the polymer scaffolds 
resulted in the eventual formation of natural urothe- 
lial tissues. This approach was expanded to replace- 
ment of ureters in dogs by transplantation of 
smooth muscle cells and urothelial cells on tubular 
polymer scaffolds. 


Formation of renal structures 


The kidney is probably the most challenging organ in 
the genitourinary system to reconstruct by tissue 
engineering techniques because of its complex struc- 
ture and function. Emerging concepts for a bioartifi- 
cial kidney are currently being explored. Some 
investigators are pursuing the replacement of isolated 
kidney function parameters with the use of extracor- 
poreal units, whereas others are aiming at the replace- 
ment of total renal function by tissue-engineered 
bioartificial structures. 


Ex-vivo functioning renal units 


Although dialysis is currently the most prevalent form 
of renal replacement therapy, the relatively high mor- 
bidity and mortality have spurred investigators to seek 
alternative solutions involving ex-vivo systems. In an 
attempt to assess the viability and physiologic function- 
ality of a cell-seeded device to replace the filtration, 
transport, metabolic, and endocrinologic functions of 
the kidney in acutely uremic dogs, a combination of a 
synthetic hemofiltration device and a renal tubular cell 
therapy device containing porcine renal tubules in an 
extracorporeal perfusion circuit was introduced. It was 
shown that levels of potassium and blood urea nitrogen 
(BUN) were controlled during treatment with the 
device. The fractional reabsorption of sodium and water 
was possible. Active transport of potassium, bicarbon- 
ate, and glucose and a gradual ability to excrete ammo- 
nia was observed. These results showed the technologic 
feasibility of an extracorporeal assist device that is rein- 
forced by the use of proximal tubular cells.°! 

Using similar techniques, the development of a 
tissue-engineered bioartificial kidney consisting of a 
conventional hemofiltration cartridge in series with a 
renal tubule assist device containing human renal 
proximal tubule cells was used in patients with acute 
renal failure (AREF) in the intensive care unit. The ini- 
tial clinical experience with the bioartificial kidney and 
the renal tubule assist device suggests that renal 
tubule cell therapy may provide a dynamic and indi- 


vidualized treatment program as assessed by acute 
physiologic and biochemical indices.°? 


Creation of functional renal structures in vivo 


Another approach towards the achievement of 
improved renal function involves the augmentation of 
renal tissue with kidney cell expansion in vitro and 
subsequent autologous transplantation. The feasibil- 
ity of achieving renal cell growth, expansion, and in- 
vivo reconstitution with the use of tissue engineering 
techniques has been explored. 

Most recently, an attempt was made to harness the 
reconstitution of renal epithelial cells for the genera- 
tion of functional nephron units. Renal cells were har- 
vested and expanded in culture. The cells were seeded 
onto a tubular device constructed from a polycarbon- 
ate membrane, connected at one end with a Silastic 
catheter that terminated into a reservoir. The device 
was implanted in athymic mice. Histologic examina- 
tion of the implanted devices over time revealed 
extensive vascularization with formation of glomeruli 
and highly organized tubule-like structures. Immuno- 
cytochemical staining confirmed the renal phenotype. 
Yellow fluid was collected from inside the implant, 
and the fluid retrieved was consistent with the 
makeup of dilute urine in its creatinine and uric acid 
concentrations.°* Further studies have been per- 
formed showing the formation of renal structures in 
cows using nuclear transfer techniques (Figure 
78.3).° This technology will have to surmount sig- 
nificant challenges, including the expansion of this 
system to larger, three-dimensional structures. 


Other applications of genitourinary 
tissue engineering 


Fetal tissue engineering 


The prenatal diagnosis of fetal abnormalities is now 
more prevalent and accurate. The natural conse- 
quence of the evolution in prenatal diagnosis is the 
use of intervention before birth to reverse potentially 
life-threatening processes. 

There are several strategies that may be pursued to 
facilitate the future prenatal management of patients 
with urologic disease. Having a ready supply of uro- 
logic-associated tissue for surgical reconstruction at 
birth may be advantageous. Theoretically, once the 
diagnosis of the pathologic condition is confirmed pre- 
natally, a small tissue biopsy could be obtained under 
ultrasound guidance. These biopsy materials could 
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Figure 78.3 Combining therapeutic cloning and tissue engineering to produce kidney tissue. (a) Illustration of the 
tissue-engineered renal unit. (6) Renal unit seeded with cloned cells, 3 months after implantation, showing the accu- 
mulation of urine-like fluid. (c) There was a clear unidirectional continuity between the mature glomeruli, their 
tubules, and the polycarbonate membrane. (d) ELISPOT analyses of the frequencies of T cells that secrete interferon-y 
(IFN-y) after primary and secondary stimulation with allogeneic renal cells, cloned renal cells, or nuclear donor 


fibroblasts. 


then be processed and the various cell types expanded 
in vitro. Using tissue engineering techniques, reconsti- 
tuted structures in vitro could then be readily available 
at the time of birth for reconstruction. 


Injectable therapies 


Both urinary incontinence and vesicoureteral reflux 
(VUR) are common conditions affecting the geni- 
tourinary system for which injectable bulking agents 
can be used for treatment. The ideal substance for 
endoscopic treatment of VUR and incontinence 
should be injectable, non-antigenic, non-migratory, 
volume stable, and safe for human use. Animal studies 
have shown that chondrocytes can be easily harvested 
and combined with alginate in vitro; the suspension 
can be easily injected cystoscopically. The elastic carti- 
lage tissue formed is able to correct VUR without any 
evidence of obstruction." The first human application 
of cell-based tissue engineering technology for uro- 
logic applications occurred with the injection of chon- 
drocytes for the correction of VUR in children and for 
urinary incontinence in adults (Figure 78.4).°°7 


Using cell therapy techniques, autologous smooth 
muscle cells were explored for both urinary inconti- 
nence and VUR applications.°* The potential use of 
injectable, cultured myoblasts for the treatment of 
stress urinary incontinence has also been investi- 
gated.6®70 The use of injectable muscle precursor 
cells has also been investigated for use in the treat- 
ment of urinary incontinence due to irreversible ure- 
thral sphincter injury or maldevelopment.” A 
clinical trial involving the use of muscle-derived 
stem cells (MDSC) to treat stress urinary inconti- 
nence has also been performed with good results. 
Biopsies of skeletal muscle were obtained, and autol- 
ogous myoblasts and fibroblasts were cultured. 
Under ultrasound guidance, myoblasts were injected 
into the rhabdosphincter, and fibroblasts mixed with 
collagen were injected into the submucosa. One year 
following injection, the thickness and function of 
the rhabdosphincter had significantly increased, and 
all patients were continent.’? These are the first 
demonstrations of the replacement of both sphinc- 
ter muscle tissue and its innervation by the injection 
of muscle precursor cells. 


1370 Clinical pediatric urology 


Figure 78.4 Chondrocytes are harvested and combined with alginate in vitro, and the suspension is injected cysto- 


scopically as a bulking agent to treat urinary incontinence. 


In addition, injectable muscle-based gene therapy 
and tissue engineering were combined to improve 
detrusor function in a bladder injury model, and may 
potentially be a novel treatment option for urinary 
incontinence.” 

Patients with testicular dysfunction require androgen 
replacement for somatic development. Conventional 
treatment for testicular dysfunction consists of periodic 
intramuscular injections of chemically modified testos- 
terone or, more recently, skin patch applications. How- 
ever, long-term non-pulsatile testosterone therapy is 
not optimal and can cause multiple problems, includ- 
ing erythropoiesis and bone density changes. 

A system was designed wherein Leydig cells were 
microencapsulated for controlled 
replacement. Purified Leydig cells were isolated and 
encapsulated in an alginate-poly-L-lysine solution. 
The encapsulated Leydig cells were injected into cas- 
trated animals, and serum testosterone was measured 
serially; the animals were able to maintain testos- 
terone levels in the long term.”4 These studies suggest 
that microencapsulated Leydig cells may be able to 
replace or supplement testosterone in situations 
where anorchia or testicular failure is present. 


testosterone 


Concerns in tissue engineering 


An area of concern in the field of tissue engineering in 
the past was the source of cells for regeneration. The 
concept of creating engineered constructs involves 
initially obtaining cells for expansion from the dis- 
eased organ. A study recently showed that cultured 
neuropathic bladder smooth muscle cells possess and 
maintain different characteristics than normal smooth 
muscle cells in vitro, as demonstrated by growth 
assays, contractility and adherence tests in vitro.” 
However, when neuropathic smooth muscle cells 


were cultured in vitro, and seeded onto matrices and 
implanted in vivo, the tissue-engineered constructs 
showed the same properties as the tissues engineered 
with normal cells.7° It is known that genetically 
normal progenitor cells, which are the reservoirs for 
new cell formation, are programmed to give rise to 
normal tissue, regardless of whether the niche resides 
in either normal or diseased tissues. The stem cell 
niche and its role in normal tissue regeneration 
remains a fertile area of ongoing investigation. 


Stem cells for tissue engineering 


Most current strategies for tissue engineering depend 
upon a sample of autologous cells from the diseased 
organ of the host. However, for many patients with 
extensive end-stage organ failure, a tissue biopsy may 
not yield enough normal cells for expansion and 
transplantation. In other instances, primary autolo- 
gous human cells cannot be expanded from a particu- 
lar organ, such as the pancreas. In these situations, 
pluripotent human embryonic stem cells are envi- 
sioned as a viable source of cells, as they can serve as 
an alternative source of cells from which the desired 
tissue can be derived. 

Embryonic stem cells exhibit two remarkable prop- 
erties: the ability to proliferate in an undifferentiated, 
but pluripotent state (self-renew), and the ability to 
differentiate into many specialized cell types.” They 
can be isolated by immunosurgery from the inner cell 
mass of the embryo during the blastocyst stage (5 
days post-fertilization). These cells have demonstrated 
longevity in culture by maintaining their undifferenti- 
ated state for at least 80 passages when grown using 
current published protocols.”8 

Adult stem cells have the advantage of avoiding 
some of the ethical issues associated with embryonic 
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cells, and also they do not transdifferentiate sponta- 
neously to a malignant phenotype. The use of adult 
stem cells is limited for clinical therapy due to the dif- 
ficulties encountered with cell expansion to large 
quantities. 

Fetal stem cells derived from amniotic fluid and 
placentas have been recently described and represent a 
novel source of stem cells. The cells express markers 
consistent with human embryonic stem cells, such as 
OCT4 and SSEA-4, but do not form teratomas, and 
do not spontaneously transdifferentiate to a malig- 
nant phenotype. The cells are multipotent and are 
able to differentiate into all three germ layers. In addi- 
tion, the cells have a high replicative potential and 
could be stored for future self-use, without the risks 
of rejection, and without ethical concerns.’? 


Therapeutic cloning 


Nuclear cloning, which has also been called nuclear 
transplantation and nuclear transfer, involves the 
introduction of a nucleus from a donor cell into an 
enucleated oocyte to generate an embryo with a 
genetic makeup identical to that of the donor. Two 
types of nuclear cloning — reproductive cloning and 
therapeutic cloning — have been described. Banned in 
most countries for human applications, reproductive 
cloning is used to generate an embryo that has the 
identical genetic material to its cell source. This 
embryo can then be implanted into the uterus of a 
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female to give rise to an infant that is a clone of the 
donor. On the other hand, therapeutic cloning is used 
to generate early-stage embryos that are explanted in 
culture to produce embryonic stem cell lines whose 
genetic material is identical to that of its source. These 
autologous stem cells have the potential to become 
almost any type of cell in the adult body, and thus 
would be useful in tissue and organ replacement 
applications (Figure 78.5).8° Some useful applica- 
tions would be in the treatment of diseases, such as 
end-stage kidney disease, for which there is limited 
availability of immunocompatible tissue transplants. 


Conclusions 


Tissue engineering efforts are currently being under- 
taken for every type of tissue and organ within the 
urinary system. Most of the effort expended to engi- 
neer genitourinary tissues has occurred within the last 
decade. Tissue engineering techniques require a cell 
culture facility designed for human application. Per- 
sonnel who have mastered the techniques of cell har- 
vest, culture, and expansion as well as polymer design 
are essential for the successful application of this tech- 
nology. Before these engineering techniques can be 
applied to humans, further studies need to be per- 
formed in many of the tissues described. Recent 
progress suggests that engineered urologic tissues and 
cell therapy may have clinical applicability. 
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Figure 78.5 Strategies for therapeutic cloning and tissue engineering. 
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cystic partially differentiated nephroblastoma 510 
cystine crystals 15, 15 
cystinuria 395 
cystitis 124 

eosinophilic 173-5, 1056 

interstitial 179, 1056-7 

viral 172, 173, 174 
cystoscopic incision, selective in ureteral duplication 

629-30, 629-31 

cytomegalovirus (CMV) 361 

renal transplantation and 379 


Dandy-Walker syndrome 339 

deformation syndromes 232 

dehydroxymethylepoxyquinomicin (DHMEQ) 278 

Denys—Drash syndrome 85, 497, 499, 508, 1127 

20,22-desmolase 73 

desmopressin (DDAVP) in nocturnal enuresis 833-4 

detrusor instability (DI) 660 

detrusor overactivity 805, 806-8 

detrusor-sphincter dyssynergia (DSD) 660, 754, 757, 
759, 767, 789 

D-glycerate dehydrogenase (DGDH) deficiency 396 

diabetes insipidus (DI) 16, 322 

diabetes mellitus (DM) 16 

maternal, sacral agenesis and 797 

diethylenetriamine pentaacetic acid, °?™technetium 
(°™Tc DTPA) 53, 58, 133, 138, 452, 582 

differential renal function (DRF) 452, 457 
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DiGeorge syndrome 254 
dimercaptosuccinic acid, °?™technetium (°?™Tc DMSA) 
21, 27, 53, 54, 56, 58, 138, 139, 140, 452 
pyelonephritis 127-8, 127 
diphallia (penile duplication) 1242-3 
disk kidney 306, 307 
distraction as pain management 194 
diuretic Doppler sonography 474-5 
diuretic renal scintigraphy of renal obstructive disorders 
451-4, 452 
diurnal enuresis 819-28 
constipation and 820 
dysfunctional voiding scoring system questionnaire 
(DVSSQ) 822 
examination 822-5 
treatment 825-8 
work-up 821-2 
Down syndrome see Trisomy 21 
doxorubicin in rhabdomyosarcoma 987 
Dretler stone core 407 
duplex Doppler ultrasonography of renal obstructive 
disorders 451, 451 
duplex uterus 295 
duplication anomalies 232 
laparoscopic management 649-5 1 
complications 65 1-2 
laparoscopic partial nephrectomy 651 
robotic laparoscopy 653 
ureteral surgery associated with 652-3 
dysfunctional elimination syndrome (DES) 11, 49, 50, 
757 
dysfunctional voiding scoring system questionnaire 
(DVSSQ) 822 
dyssynergy 783, 783 


Eagle—Barrett syndrome see prune belly syndrome 
echinococcosis 170-1 
ectopic kidney 54, 92 
ectopic ureters 594, 594 
edema, idiopathic 73, 74 

penile 178-9 

scrotal 178-9, 1255, 1255 
Ehlers—Danlos syndrome 1048, 1051 
Ehrlich abdominoplasty 1105, 1106 
electrohydraulic lithotripsy 407-8 
electrolyte requirements 224-5 
electromyography 

sphincter 842 

of urinary sphincter 771, 773 
embryologic homologues 1144 
embryology of genitourinary tract 231-3 
EMLA 191 
endotoxin 110 
end-stage renal disease (ESRD) 141, 329 
enterobiasis 171-2 
enterocystoplasty 90 

advantages and disadvantages 872 

star modification 879, 879 
enuresis risoria 820 


enuresis see diurnal enuresis; nocturnal enuresis 
eosinophilic cystitis 173-5, 1056 
epidermal growth factor (EGF) 278 
epididymis 
cysts 1261-2, 1261 
torsion 1254 
epididymitis 72-3, 172, 176-7, 1254 
epidural analgesia 192 
epispadias 999, 1004-5, 1117-18, 1117 
combined exstrophy and, closure 1029 
penile disassembly 1022-4, 1023-4 
repair 1027-9 
modified Cantwell—Ransley technique 1028-9, 
1028 
preoperative considerations 1027-8 
epithelial inclusion cyst 208 
Epstein-Barr virus (EBV) 361, 435 
renal transplantation and 379 
Escherichia coli 73 
ethambutol for tuberculosis 150 
ethionamide for tuberculosis 150 
etoposide in rhabdomyosarcoma 987 
excretory urography of megaureter 582 
exstrophy 
long-term concerns in 1038-9 
psychosocial concerns 1038 
sexual function 1038-9 
see also bladder exstrophy; cloacal exstrophy 
extracorporeal shock wave lithotripsy 301, 342, 357, 
403-4, 414-15, 415, 416 
extravaginal torsion 71 


familial carotid body tumors 253 
familial juvenile hyperuricemic nephropathy (FJHN) 
341 
fascial slings 846-7, 847 
female pseudohermaphroditism (FPH) 15, 75, 1150-5 
feminizing adrenal tumors 251, 1356 
fertility 
cryptorchidism and 1303 
prune belly syndrome and 1093 
fetal alcohol syndrome 232, 969 
fetal hydantoin syndrome 232 
fetal intervention 21-3 
biochemical markers 22 
selection for 22 
success rates 21-2 
ultrasound 22 
fetal lobulation 307-8, 309 
fetal renal hamartoma see congenital mesoblastic 
nephroma 
fetal trimethadione syndrome 232 
fetus 
changes at time of birth 20 
renal function 313-23 
fibroepithelial polyps 743, 744 
fibrosarcoma 1358 
fistula(e) 
after hypospadias surgery 1233 
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perineal 1165 
rectoprostatic urethral (RPUF) 1165 
rectourethral (RUF) 1165 
rectovaginal (RVFH) 1165 
rectovaginal (RVFL) 1165 
rectovestibular (RVBF) 1165 
fluid management 223-9 
extracellular fluid 225 
fluid compartments 225 
fluid daily maintenance 224 
fluid hourly maintenance 224 
intraoperative fluid therapy 227-8 
intraoperative glucose 228 
intravenous fluids 225-6 
postoperative fluid therapy 229 
preoperative fasting 226-7 
preoperative fluid therapy 227 
water requirements 223-4 
fluorescent in-situ hybridization (FISH) analysis in 
intersex 15 
Foley Y-V plasty 481, 481 
follicle-stimulating hormone (FSH) 16 
foreskin 199-200 
adhesions 6, 7 
pearl 199 
Fowler-Stephens orchidopexy 1317, 1317 
Frazier syndrome 1127 
functional voiding disorders 804-13 
fungal infections of the urinary tract 167-8 
funiculitis 73 


gabapentin 186 
ganghoneuroblastoma 242-3, 247, 250, 253, 254 
ganglioneuroma 242-3, 247, 253, 254, 1347-9, 
1348-9 
Gardnerella vaginitis 209 
Gartner’s duct cyst 208, 602 
gastric continence mechanisms 937, 938 
gastrocystoplasty 888-92 
advantages and disadvantages 889-90 
anatomy and physiology 888-9, 889 
composite intestinocystoplasty and (gastrointestinal 
composite) 892 
results 890-2 
surgical technique 890 
gender identity and role 1158-9 
genital ducts, development 
female 1142 
male 1140, 1141 
genital embryology, male external urogenital system 
1120-2, 1120, 1121 
genital holding 206 
genital malformations 1122-4 
ambiguous, evaluation of newborn with 1149-50, 
1149 
development 
external 1148, 1149 
implications for surgery 1187-8 
internal 1148, 1148 


environmental factors and endocrine disruptors 
11234 
enzyme impairment 1123 
genetic impairment 1122 
hormone receptor impairment 1123 
genitourinary tract development timeline 231] 
gentamicin for urinary tract infection 153 
germ cells 
development 1139-40, 1140 
tumors 90 
giggle incontinence 820 
Gil- Vernet ureteroneocystostomy 681 
Gitelman’s syndrome 251 
glanuloplasty 1216-17 
meatal advancement, for hypospadias 1222-7, 1222 
Glenn—Anderson ureteroneocystostomy 679-81 
glomerular cysts, diseases with 342 
glomerular filtration rate (GFR) 
fetal 19 
measurement of 463-4, 465 
glomerulocystic kidney disease (GCKD) 342-3, 439 
glomerulonephritis, acute (AGN) 359 
glucocorticoid-remediable aldosteronism (GRA) 251 
glucose requirements 225 
glucose-6-phosphate dehydrogenase (G6PD) deficiency 
361 
glycogen storage disease 429 
Goldenhar’s syndrome 295 
gonadal development 1139, 1295-7 
gonadal dysgenesis 75 
gonadal stromal tumors 1334-5 
gonadoblastoma 1335-6 
gonorrhea 209 
Goodpasture’s syndrome 395 
Gorlin’s basal cell nevus syndrome 969 
grasping forceps 405, 406 
guarding reflex 765, 771 
GU-ectopy 596 
gunshot wounds, genitourinary 532 
GYN-ectopy 596, 618, 620 


hand-foot-genital (HFG) syndrome 1122 
hemangiopericytoma 250 
hematuria 209-11, 211 
differential diagnosis 13 
laboratory tests 12-14 
nephrologic 12, 14 
serum panel 14 
hemihypertrophy 342 
heminephrectomy 631-2, 633 
hemitrigone 294 
hemolysins 110 
hemolytic uremic syndrome 428 
Henoch-Schénlein purpura nephritis 359 
hernia 1255-8, 1256 
definition and incidence 1271 
etiology and pathophysiology 1271-2 
incarcerated 71 
inguinal 90, 1005, 1005 


1382 Clinical pediatric urology 


hernia (contd) 
management and techniques 1274-7 
complications of repair 1277 
contralateral patent processus vaginalis 1276-7 
potential structures encountered during surgery 
1276 
repair 1274-5, 1275 
presentation and diagnosis 1272-4 
Hinman syndrome 805, 809-13, 809, 819 
Hinman-Allen syndrome 1052 
Hirschsprung’s disease 254, 579 
Hodgkin’s lymphoma 1358 
Holmium lithotripsy 408, 408 
horseshoe kidney 289, 302-5, 302-5 
nuclear medicine 54, 54 
in Wilms’ tumor 498 
human chorionic gonadotropin (HCG) 16 
in testicular mass 14 
in undescended testis 1311 
HUS 358 
hydrocele 71, 1255-8, 1256 
definition and incidence 1271 
etiology and pathophysiology 1271-2 
management and techniques 1274-7 
complications of repair 1277 
contralateral patent processus vaginalis 1276-7 
potential structures encountered in the hernia sac 
during surgery 1276 
repair 1274-5, 1275 
physical examination 5, 6 
presentation and diagnosis 1272-4 
hydrocolpos 208, 208 
hydrometrocolpos 82, 208 
hydronephrosis (HN) 12, 37, 40, 42, 79-80, 562-4 
causes 447 
grading scale 448-9, 450 
prenatal 558 
prenatal classification 27 
SFU classification 37 
prenatal hydronephrosis 558 
hydroureteronephrosis 208 
11-hydroxylase deficiency 73, 75, 1151-2 
17a-hydroxylase/17,20-lyase deficiency 1157 
17B-hydroxylase dehydrogenase (type 3) deficiency 
1157 
21-hydroxylase deficiency 66, 73, 1150, 1151 
17-hydroxyprogesterone (17-OH progesterone) in 
intersex 15, 75, 1151 
3B-hydroxysteroid dehydrogenase deficiency 73, 1155, 
1157 
hyperaldosteronism 251-2 
hypercalciuria 13, 392 
hyperoxaluria 392, 396 
hyperparathyroidism 342 
hypertension in ARPKD 329, 332 
hypertonic solutions 226 
hyperuricosuria 392-3, 396-7, 429 
hypnosis 194 
hypocitruria 393 


hypospadias 78-9, 232, 1117, 1117, 1205-35 


classification 1208 
embryology 1206-8 
endocrine factors 1205 
environmental factors 1206 
epidemiology 1206 
etiology 1205-6 

genealogy of repairs 1211 
genetic factors 1206 
hormonal stimulation 1209 
presentation 1208-9 
surgery see hypospadias, surgical repair 


hypospadias, surgical repair 1213-33 


barrier layers 1227 
complications 1233-5 
dehiscence 1234 
diverticulum 1234 
fistulas 1233 
meatal stenosis 1233 
recurrent penile curvature 1234-5 
shaft skin 1235 
urethral structure 1233-4 
dressing and urinary diversion 1213 
evolution of 1209-13 
hemostasis 1213 
instruments 1213 
island flap procedure 
Onlay 1223-4, 1223 
transverse preputial 1224-7, 1225-7 
meatal advancement and glanuloplasty 1222-7, 1222 
penile curvature correction 1213-15, 1214, 1215 
skin closures 1227-9 
grafts 1228-9 
two-stage repair 1228 
split onlay skin (SOS) flap for redo hypospadias 
repair/fistula 1231-3, 1232 
timing 1209 
tunica vaginalis flap 1227 
urethral meatus in 6, 7 
urethroplasty 1215-22 
distal hypospadias 1215-18, 1216, 1217 
proximal 1218-19 
reoperative 1229-33, 1229-31 
staged 1220-2, 1220-1 
hypothalamic-pituitary—adrenal (HPA) axis 238 
hypotonic solutions 225-6 


ifosfamide in rhabdomyosarcoma 987 
IgA nephropathy 359 
ileocecocystoplasty 881, 881 
ileocystoplasty 879-81, 880 
results of 882-8 
iliohypogastric nerve block 191-2 
ilioinguinal block 191-2 
imperforate anus 67, 756, 1165-75 
associated anomalies 1164 
associated urologic problems 1171-5, 1171, 1173 
management strategy 1168 
neonatal evaluation and management 1167 
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vaginal problems 1175 
imperforate anus 799-801, 800 
incontinence 
giggle 820 
urinary 605-7 
Indinavir stones 397 
infection stones 397 
infrequent voider-lazy bladder syndrome 805, 808-9 
inguinal hernias 1005, 1005 
inguinoscrotal disease 1247-58 
in-office ultrasonography (IOUS) 35-51 
advantages 35 
bladder 48-50 
kidney 36-45 
patient positioning 36 
reliability, credentialing and coding 50-1 
ureters 45, 47 
international normalized ratio (INR) 12 
intersex disorders 73-5, 76, 1147-59 
categories 1150, 7151 
17-hydroxyprogesterone (17-OH progesterone) in 
15, 75, 1151 
identification in antenatal period 65-6, 66 
laboratory tests 15 
interstitial cystitis (IC) 179, 1056-7 
intestinocystoplasty 874-88 
ascending colon and transverse colon 878 
cecum and vermiform appendix 877-8 
composite gastrocystoplasty and (gastrointestinal 
composite) 892 
ileocystoplasty and colocystoplasty, results of 882-8 
large bowel 876-7 
small bowel 874-6, 875 
sigmoid colon 878-9 
advantages and disadvantages 878-9 
postoperative care 881-2 
surgical techniques 879-82 
intralobar nephrogenic rests (ILNRs) 500 
intrarenal resistive index 474-5 
intrauterine torsion 71 
intravenous pyelogram (IVP) 560-2 
ectopic kidneys 54 
ectopic ureter 560 
primary megaureter vs ectopic ureter 560-1 
postoperative assessment 561-2 
pyelonephritis 128-9 
iron-binding capacity 110 
islet cell carcinoma of the pancreas 250 
isoniazid for tuberculosis 149 
isotonic solutions 226 
isotope imaging 27-8, 28 
Ivemark’s syndrome 331 


Jeune’s syndrome 331 
Joubert’s syndrome 339 
juvenile nephronophthisis 439 


K antigen 110 
Kalicinski plication for megaureter 585, 586, 587 


kidney(s) 


acute lesions 58 
agenesis 67 
anomalies 293-309 
of ascent 298-302 
embryology 293 
of fusion 302-9 
in number 294—7 
in rotation 297-8, 297, 298 
ascent of 285, 293, 293 
cystic diseases 80-1, 437-41 
cysts 345 
simple 343 
duplication 54, 484 
dysplasia 67, 232, 440-1 
ectopy 40-3, 298-301, 299, 300, 301 
failure, acute see acute renal failure 
genetic 272-4, 273 
infections 422-7 
in-office ultrasound 36-45 
anatomic anomalies 40 
duplex collecting system 40, 44 
echogenic kidney 40-3 
growth 43, 46 
normal 36-7, 36 
patient positioning 36 
videourodynamic testing and 40, 43 
lesions 244-5 
lymphangioma and lymphangiomatosis 436-7 
malrotation of 297-8, 297, 298 
medullary carcinoma 433 
molecular development 272-4 
morphologic development 313 
obstructive disorders see renal obstructive disorders 
physiologic adaptation at birth 313-23 
acid—base balance 321 
body composition 313-14 
cardiovascular hemodynamics 314-15 
fluid therapy in the neonate 322-3 
glomerular filtration rate 317-18 
hypertension 321-2 
renal blood flow 315-17 
renal vascular resistance (RVR) 315, 316 
tubular handling of sodium 320-1 
urinary volume 318-20 
rotation during fetal life 293, 293 
transplantation see kidney transplantation 
trauma 57-8, 92 
see upper renal tract trauma 
tumors 430-7 
adjacent organs 519 
anatomic relationships 519 
arterial blood supply 519-20 
collecting system 520 
laboratory investigations 520 
preoperative evaluation 520-1 
radiologic imaging 520-1 
renal vasculature 519-20 
surgical approaches 519-26 
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kidney(s) (contd) 
tumors (contd) 
venous drainage 520 
vasculature 283-91 
kidney lung loop 19-20 
kidney transplantation 271, 367-82 
assessment 55, 56 
contraindications 367 
deceased donor management 373-4 
early graft dysfunction 379-80 
immunosuppression 381 
indications 368 
live donor management 374-6, 375 
long-term aspects 381-2 
maintenance management 381 
medical preparation of recipients 369-70 
outpatient management 381 
patient and graft survival 367, 373 
postoperative care 378-9 
recipient management 376-8, 376, 377, 378 
surgical/urologic complications 380-1 
timing 372-3 
urologic involvement in CRI care 368-9 
urologic pre-transplant interventions 370-2 
Klinefelter’s syndrome 232 
Klippel—Feil syndromes 295 
Klippel-Trénaunay—Weber syndrome 498 
Kock pouch 922, 929, 930-1 
Kock’s continent urinary ileal reservoir see Kock pouch 
Koffs bladder neck reconstruction 854, 854 
Koyle’s Thiersch—Duplay tube-tubulization 856, 856 
Kropp bladder neck repair 858-9, 859, 864 


labial adherence 207-8, 207 
labioplasty 1193 
laboratory assessment 11-16 
lactate dehydrogenase (LDH) in testicular mass 14 
Lampel tube 934 
laparoscopic adrenalectomy 259-62 
results 262, 262 
retroperitoneal 261-2 
transperitoneal 259-61, 260, 261 
laparoscopic bladder autoaugmentation (LBAA) 
958-60 
extraperitoneal approach 959 
laser 960 
transperitoneal approach 958-9 
laparoscopic enterocystoplasty 960-3 
laparoscopic gastric augmentation 960-1, 961 
laparoscopic ileal augmentation 961-2, 961 
results 963 
technique 962-3, 962 
laparoscopic nephrectomy 487-91 
kidney retrieval 491, 491 
by lateral retroperitoneal approach 490-1, 490 
retroperitoneal access 488-90 
lateral approach 488-9, 488-9 
prone posterior approach 489, 489 
transperitoneal access 489, 490 


laparoscopic pyeloplasty 491-4 
retroperitoneal 492, 493-4 
transperitoneal 494 

laparoscopic-assisted bladder reconstruction 963-6, 

964, 965 
laparoscopy 215-22 
access 216-17 
insufflation 216-17 
trocar fixation 216 
anesthesia 215-16 
absorption effects 216 
physiology and 215-16 
pressure effects 215-16 
bleeding 221 
closure 221 
complications 222 
equipment malfunction 221 
hemostasis 220-1 
instrumentation 216 
lens fogging 221 
operative approaches 217-22 
contraindications 217 
indications 217 
reverse Trendelenburg position 215 
subcutaneous emphysema 221 
suturing 220 
tissue extraction 221 
for undescended testis 1321-5 
laparoscopic vessel ligation 1321 
laparoscopic orchidopexy 1321-5 
ureteral duplication 638 
see also retroperitoneal laparoscopy; transperitoneal 
laparoscopy 

Lapides vesicostomy 914 

laser lithotripsy 407, 408 

Le Duc reimplant 927, 928 

Leadbetter ureterocolonic anastomosis technique 920, 

920 

leak point pressure 758-60, 842-3 

leiomyosarcoma 990 

Lesch—Nyhan syndrome 392-3, 396-7, 429 

leukemia 433-5 
acute lymphocytic 434 

leukocyte esterase test 121 

Lich-Grégoir repair 681-2 

Liddle syndrome 251 

Li-Fraumeni syndrome 253, 969-70 

lipoma 1358 

lipomeningocele 70, 794—7 

lipomyelomeningocele 785 

liposarcoma 1358 

lithiasis, uric acid 394 
see also urolithiasis 

lithotripsy 
ballistic 407 
electrohydraulic 407-8 
extracorporeal shock wave 301, 342, 357, 403-4, 

414-15, 415, 416 
Holmium 408, 408 
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intracorporeal 407-8, 407-8 Wilms’ tumor 506 
laser 407, 408 magnetic resonance urography 
ultrasonic 407, 407 of megaureter 582 
Littre’s glands 1143 of ureter 566-7 
liver cysts in ADPKD 335 Mainz pouch 931, 932 
lower pole ureteropelvic junction obstruction 640-2, with appendix 932 
643 malacoplakia 175-6 
lower urinary tract male pseudohermaphroditism 75, 1156-7 
central cerebral pathways 775 complete and androgen insensitivity 1156 
embryology 735-8 partial androgen insensitivity 1156 
peripheral innervation 769-70 malignant rhabdoid tumor 432-3 
plasticity, maturation and re-emergence 776-8 Malone antegrade colonic enema see MACE 
reflex pathways 770-4, 771-2 Marshall—Marchetti-Krantz procedure (MMK) 844-5, 
spinal and supraspinal pathways 774-5 844 
L-shaped kidney 306, 307 Maxilene 4 191 
lump kidney 306, 307 Mayer-Rokitansky-Küster-Hauser syndrome 295, 
lupus nephritis 359 1161 
luteinizing hormone (LH) 16 McCune-Albright syndrome 250, 253 
LUTS 823, 824, 825 McGuire suspension procedure 845-6, 846 
lymphangioma 1357 McIndoe skin vagina 1199 
lymphoma 433-5 meatal stenosis, urethal 6, 8, 203-5, 204 
Burkitt’s 434 meatoplasty and glanuloplasty (MAGPI) 1212 
Hodgkin’s 1358 Meckel—Gruber syndrome see Meckel’s syndrome 
non-Hodgkin’s 1358 Meckel’s syndrome 331, 346, 439 
lymphoproliferative diseases 433-5 meconium peritonitis 72 
median raphe cysts 1246-7 
MACE 756, 758, 793, 862, 939, 947-55 medical history 3-5 
enema regimen 95 1—4 medical renal diseases 421, 422 
operative technique 948-51, 949 medullary cystic diseases 439-40 
patient selection and preparation 947-8 medullary cystic kidney disease (MCKD) 80, 81, 341 
results 954-5, 954 medullary sponge kidney (MSK) 341-2 
macroorchidism 1259-60 megacystis, congenital 1048 
MAGS renal scan 562-4 megacystis—microcolon-intestinal hypoperistalsis 
hydronephrosis, hydroureteronephrosis and syndrome, prune belly syndrome and 1083 
obstruction 562-4 megacystitis—megaureter syndrome 1048, 1048 
pyelonephritis 129 megameatus with intact prepuce 79 
magnetic resonance angiography (MRA) megaureter 577-89, 744, 745 
in ADPKD 337 anatomy 578 
aneurysm 337 complications 589 
Wilms’ tumor 86 diagnosis 581 
magnetic resonance imaging (MRI) differential treatment 584-5 
adrenal metastasis 244 evaluation 581-4 
in ARPKD 331 historic perspective 577-8 
antenatally detected adrenal masses 245-6 non-refluxing non-obstructed 580-1, 584 
bladder 740, 740 obstructed 578-9, 584-5 
cortical neoplasms 244: operative approach 585-8 
gadolintum-DTPA 454 definitive reconstruction 585-8 
ganglioneuroblastoma 242-3 excisional tapering 587-8 
ganglioneuroma 242-3, 1348 imbrication 585, 586 
Gd-MRU 454, 455 temporary diversion 585 
lumbosacral 750 pathophysiology 578-81 
myelolipoma 244 postoperative management 588-9 
neuroblastoma 241-2, 242, 243 refluxing 579-80, 584 
pheochromocytoma 243-4, 253 refluxing obstructed 581, 584 
pyelonephritis 129-30 membranoproliferative glomerulonephritis 359 
renal obstructive disorders 454-9 meningocele 785 
rhabdomysarcoma 743, 743, 980, 980-1 see also myelomeningocele 
in spinal dysraphism 797 Menkes syndrome 1051 


ureteral duplication 617 mephalan in rhabdomyosarcoma 987 
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mercaptoacetyltriglycine, °°™technetium (99mTc 
MAGS) 27, 53, 54, 133, 452 
mesenchymal dysplasia syndrome see prune belly 
syndrome 
mesonephric adenocarcinoma of female genital tract 
990 
mesonephros, development 1141 
metaiodobenzylguanidine (MIBG) scintigraphy 
neuroblastoma 242 
pheochromocytoma 244 
metanephric excretory unit, development of 286, 287 
methenamide hippurate for urinary tract infection 
153-4 
methenamine mandelate for urinary tract infection 
153-4 
methylene diphosphonate, °?™technetium (°?™Tc 
MDP) 242 
microcolon-intestinal hypoperistalsis syndrome 1048 
B,-microglobulin (B,M) 121 
microlithiasis 1260, 1260 
micropenis 1244 
physical examination 6, 7 
micturition reflex 773-4 
milk-alkali syndrome 392 
Mitchell’s bladder neck reconstruction 854, 856, 
1031-2 
Mitrofanoff and Malone antegrade colonic enema see 
MACE 
Mitrofanoff neourethra 371] 
Mitrofanoff principle 861-3, 862, 937 
mixed gonadal dysgenesis 75, 1157-8, 1157, 1158, 
1159 
modified Cantwell—Ransley technique 1028-9, 1028 
Mollard’s bladder neck reconstruction 853-4, 855 
Monfort abdominoplasty 1105, 1106, 1107, 1108 
monorchism 1258 
incidence 1309 
morphine 185 
Miillerian duct 
cyst 208 
development 1140 
fate of 1147 
remnants 1143 
syndrome 90 
Miillerian inhibiting substance (MIS) 16 
multicystic dysplastic kidney (MCDK) 40, 43, 45, 80, 
81, 289-91, 290, 340-1, 440-1, 440 
in fetus 30-2 
mild dilatation (pelviectasis) 31-2 
multilocular cystic nephroma 436, 510-11 
multilocular cysts 343-4 
multiple endocrine neoplasia 
type 1 (MEN1) 252 
type 2 (MEN2) 253 
MURCS association 1162 
myelodysplasia 69-70, 783, 785-94 
continence 793-4 
familial risk 785 
findings 787-9 


infant surveillance in 791 
neurologic findings and recommendations 788-90 
newborn assessment 786 
pathogenesis 785-6 
recommendations 788 
reflux management 790-3 
sexuality 794 

myelolipoma 244 

myelomeningocele 69, 70, 785 

myogenin 970 

myolipoma 249 


N-acetyl-B-glucosaminidase (NAG) 121 
nalidixic acid for urinary tract infection 153 
neonate 

adrenal hemorrhage 88, 89 

physiologic leukorrhea 209 

renal function 313-23 

torsion 71 
nephrectomy, simple 479-80 
nephritic syndrome 210 
nephroblastoma see Wilms’ tumor 
nephroblastomatosis 331, 431-2, 432 
nephrocalcinosis, renal medullary 428-30, 429 
nephrogenesis, defective, fetal 20 
nephrogenic adenoma of the bladder 990 
nephrogenic rests 500 
nephrolithiasis 

laboratory tests 14-15 

metabolic evaluation 15 
nephroma, congenital mesoblastic 85, 86, 86, 87 
nephronophthisis (NPH) 

clinical features 338-9 

diagnosis 339-40 

extrarenal manifestations 339 

genetics 338, 338 

juvenile 331, 338-40 

pathology 338 

radiologic features 339 

treatment 340 
nephrotic syndrome 251 
nephrotoxins 359-60, 360 
nephroureterectomy of posterior urethral valves 1072 
nephroureterolithiasis 564-5 
neural tube defects 65, 232 
neuroblastoma 83, 84, 85, 250, 253, 254, 1339-47 

adrenal masses 245 

biologic features 1340 

calcified adrenal lesions 247 

clinical manifestations 1340-1 

diagnosis 1343-7 

genetic profiles 1343 

histologic markers 1341-3 

imaging techniques 1343-5, 1344 

molecular pathology 1341-3 

prognostic markers 1345 

radiologic assessment 241-2 

staging 1345, 1346 

surgery 265 
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treatment 1345-7 
neurofibroma 1357 
neurofibromatosis type 1 253, 254, 322, 498, 969, 
1357 
neurospinal dysraphisms 785-801 
neurotransmitters 718-19, 768-9 
newborn see neonates 
nipple valves 928, 929, 932 
nitinol basket 405, 405-6 
nitric oxide 769 
nitrite test 121 
nitrofurantoin for urinary tract infection 151-2 
nocturnal enuresis 16, 829-36 
alarm therapy 832-3 
alternative therapies 835 
behavioral therapies 835 
bladder dysfunction 830 
combination therapy 835 
epidemiology 829 
etiology 829-30 
evaluation 830-1 
history 831 
laboratory tests 832 
monosymptomatic (MNE) 829 
non-monosymptomatic 831 
non-responders 835-6 
pathophysiology 830 
pharmacologic treatment 833-5 
physical examination 831-2 
primary (PNE) 829 
psychological impact 829 
sleep arousal response 830 
starting out therapy 832 
treatment 832-3 
urodynamics and imaging 832 
voiding diary/frequency volume chart 831 
nocturnal hypercalciuria, absorptive 835 
nocturnal polyuria 830 
non-Hodgkin’s lymphoma 1358 
nonlethal anomalies, screening 24-5 
non-neonatal circumcision 205 
non-neurogenic neurogenic bladder 819 
non-steroidal anti-inflammatory drugs (NSAIDs) 185, 
186 
nuchal pad translucency 23 
nuclear medicine 53-9 


Ochoa’s syndrome 775, 819 
oligohydramnios 12 
omega flap 1194 
omphaloceles 64 
open adrenalectomy 262—4 
flank approach 262-3, 263 
posterior adrenalectomy 263-4, 263, 264 
thoracoabdominal adrenalectomy 263, 263 
transabdominal adrenalectomy 264, 265 
opioids 185 
side effects 189 
oral analgesics 185-90, 186, 187, 188 


oral transmucosal fentanyl citrate (OTFC) 189 
orchidopexy 1312-17 
laparoscopic 1321-5 
by spermatic vessel transection 1317 
staged orchidopexy 1316-17 
standard inguinal approach 1312-16, 1311-16 
orchitis 1254 
oro-facial-digital syndrome 439 
osteotomies 1011-12, 1012 
ovarian cysts 82 
in ADPKD 335 
ovarian torsion 83 
oxybutynin 825-7 
in nocturnal enuresis 834—5 
oxycodone 190 


packed red blood cells (PRBCs) 228-9 
pain assessment 183-5 
physiologic and behavioral pain scales 184 
psychological pain scales 184-5 
pain management 183-95 
guidelines 183 
p-aminosalicylic acid (PAS) for tuberculosis 150 
pancreatic cysts in ADPKD 335 
paraphimosis 77, 202, 202 
parasitic infections of the urinary tract 168-72 
paraurethral cysts 208 
partial thromboplastin time (PTT) 12 
patent urachus 1054, 1055, 1056 
pathologic dilatation 25 
patient-controlled analgesia (PCA) 190 
pelviectasis 31 
penicillin for urinary tract infection 152 
penile block 191 
penile prostheses 1367 
penis 199-206 
abnormal development 1243-4 
abnormalities 1239-45 
agenesis (aphallia) 1242, 1242 
cancer 205 
defects of number or position 1242-4 
edema, idiopathic 178-9 
entrapped 200-1, 201, 202 
glanular adhesions (skin bridges) 6, 7, 201 
normal development 1239 
physical examination 6 
torsion 1243 
urethral development 1121 
Penn pouch 936 
penoscrotal fusion 1243, 1243 
penoscrotal transposition 1246, 1246 
peptidergic system 768 
perilobar nephrogenic rests (PLNRs) 500, 500, 500, 
501 


perinatal torsion 71 
perineal fistulae (PF) 1165 
peripheral nerve blockade 191-2 
Perlman syndrome 497 

prune belly syndrome and 1083 


1388 Clinical pediatric urology 


persistent miillerian duct syndrome 1156-7 
persisting mesonephric duct 1262 
Pfeiffer syndrome type 3 
prune belly syndrome and 1083 
pheochromocytoma 243-4, 1349-51 
biochemical features 1349-50 
clinical features and presentation 1349 
imaging 253, 1349-50 
surgery 266 
therapy 1350-1 
phimosis 199-200 
pathologic 200, 200 
physiologic phimosis 199-200 
postcircumcision (entrapped penis) 200-1, 201, 202 
physical examination 5-9, 199 
physiologic phimosis 199-200 
piperacillin for urinary tract infection 152 
Pippi Salle bladder neck repair 859-60, 861, 864 
placental alkaline phosphatase (PLAP) in testicular 
mass 14 
Poiseuille-Hagan law 461 
Poland’s syndrome 295 
Politano—Leadbetter repair 676-9 
polycystic kidney disease 
autosomal dominant see autosomal dominant 
polycystic kidney disease (ADPKD) 
autosomal recessive see autosomal recessive polycystic 
kidney disease (ARPKD) 
polyorchidism 1258-9 
positron emission tomography (PET) in 
pheochromocytoma 253 
postcircumcision phimosis (entrapped penis) 200-1, 
201, 202 
postdetrusorrhaphy 45, 47 
posterior urethral valves (PUVs) 38, 43, 76-7, 
1059-76 
bladder outlet obstruction, pathophysiology of 
1060-3, 1061 
diagnosis 1064-9 
fetal imaging 1064-5, 1064 
in older child 1066 
in-utero management — interventional 1065-6 
in-utero management — observational 1066 
nuclear medicine 1069 
postnatal imaging 1066-9 
ultrasound 1066-8, 1067 
voiding cystourethrogram 1068, 1068-9 
embryology and classification 1059 
genotypes and end-stage renal disease 1063-4 
management 1069-76 
initial, in a neonatal intensive care unit 1069-70 
postobstructive diuresis 1074-5, 1074, 1075, 1076 
pretransplant evaluation 1075-6 
short- and long-term outcomes 1072-3 
videourodynamics 1073-4, 1073 
as model of congenital bladder outflow obstruction 
719-20 
prenatal detection 29, 30, 61-2, 62, 63 
spectrum and consequences 1059-60, 1060 


surgical aspects 1070-2 
surgical complications 1072 
postnatal evaluation 25-7 
diagnostic protocol 28, 28-9, 30 
postpyeloplasty 44-5, 46 
post-transplant lymphoproliferative disorder (PTLD) 
379 


potassium requirements 224, 225 
Potter’s syndrome 232, 289, 296-7, 296, 328, 340 
power Doppler sonography of pyelonephritis 129-30 
pregnancy, termination of 24, 61 
Prehn’s sign 72 
prenatal testis torsion 71 
prenatally detected uropathies 28-30 
prepuce 1239-42 
normal development 1239 
trauma to 205 
see also circumcision 
priapism 1244-5 
primary bladder neck dysfunction (PBND) 825, 827 
processes vaginalis, lesions secondary to 71-2 
prostatic development 723-30 
embryology 723 
endocrinology 724—6 
hormonal imprinting 727-8 
morphology 723-4 
morphometry 728-30 
stromal-epithelial interactions 726-7 
prothrombin time (PT) 12 
prune belly syndrome 69, 232, 1081-1109 
abdominal wall 1093-4, 1094, 1095 
accessory male sexual organs in 1091 
anomalies associated with 1094-6, 1096 
cardiac 1096 
gastrointestinal 1096 
orthopedic 1095, 1095 
pulmonary 1096 
anterior urethra in 1091-2, 1092 
anterior urethra 1102 
bladder in 1089-91, 1090 
clinical features 1087-96 
corsets 1108, 1109 
diagnostic evaluation 1097-8 
disease spectrum 1086-7, 1087 
extragenitourinary manifestations 1093-6 
fetal development 1083-6 
fetal outlet obstruction 1084-5, 1084 
mesodermal arrest 1085-6, 1085 
yolk sac theory 1086 
genitourinary manifestations 1087-93 
history 1081, 1081 
incidence 1081-2 
inheritance 1083 
kidneys in 1087, 1088, 1089 
operative interventions 1101-2 
patient evaluation 1096-7 
newborn 1097 
prenatal 1096-7 
patient management 1098-1101, 7100, 1101 
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posterior urethra in 1090, 1091, 1091 
prenatal diagnosis 24 
prostate in 1090, 1091, 1091 
sexual function 1093 
surgery for 
abdominal wall reconstruction 1105-8 
abdominoplasty 
Ehrlich 1105, 1106 
Monfort 1105, 1106, 1107, 1108 
Randolph 1104, 1106 
anesthesia in 1100-1 
cryptorchidism 1105 
internal urethrotomy 1101 
reconstructive 1102-8 
reduction cystoplasty 1101-2 
renal transplantation 1108 
vesicostomy 1102 
vesicourethral dysfunction 1101-2 
termination of pregnancy and 24, 32 
testis in 1092-3 
ureters in 1087-9, 1090 
pseudohermaphroditism, male 75, 1156-7 
reconstruction for 1201 
pseudohypoaldosteronism type I 251 
psychological non-neuropathic bladder see Hinman 
syndrome 
puberty 5-6 
pyelectasis 31 
pyelography 565 
pyelonephritis 124-30, 126 
acute 422-4, 423, 424 
complications 425-6 
chronic atrophic (reflux nephropathy) 426-7 
detection 127-30 
fungal 424, 425 
pathophysiology 124-7 
SPECT imaging 56, 57 
pyeloplasty 479-80 
pyrazinamide for tuberculosis 150 


radionuclide cystography (RNC) 555-8 

in urinary tract infection 55, 57 
Randolph abdominoplasty 1104, 1106 
rapidly progressive glomerulonephritis (RPGN) 359 
Raz sling suspension 845, 845 
rectoprostatic urethral fistula (RPUF) 1165 
rectourethral fistulae (RUF) 1165 
rectovaginal fistual (RVFH) 1165 
rectovaginal fistulae (RVFL) 1165 
rectovestibular fistulae (RVBF) 1165 
red blood cell (RBC) casts 

in hematuria 13, 13 
5a-reductase deficiency 1156 
reflux, imaging of 555-8 
remnant ureters 643, 644 
renal artery stenosis 58 
renal artery thrombosis 358, 428 
renal cell carcinoma 433, 433, 512 

surgical management 523-6 


central tumors 526 
extracorporeal partial nephrectomy 526 
nephrectomy 523-4 
partial nephrectomy 524-5, 526 
segmental polar nephrectomy 525 
simple enucleation 526 
transverse resection 526 
wedge resection 525-6 
renal colic 389-90 
renal failure, acute see acute renal failure 
renal obstructive disorders, assessment 
diuretic Doppler sonography and intrarenal resistive 
index 474-5 
imaging 447-60 
diuretic renal scintigraphy 451-4, 452 
duplex Doppler ultrasonography 451, 451 
magnetic resonance imaging 454-9 
ultrasonography 448-51 
urodynamics of upper tract 461-77 
clinical presentation 461 
diuresis pressure—flow study 466-7 
fluoroscopic monitoring and ureteral opening 
pressure 469-74 
individualized pressure—flow study 463-6 
nuclear diuretic renography 467-9 
optimal flow challenge to collecting system 463 
percutaneous pressure—flow study 461-75 
role of upper tract urodynamics 461 
threshold for normal renal pelvic pressure 462-3 
renal replacement therapy 278-9 
renal transit time (RTT) 455, 457 
renal tubular acidosis (RTA) 321, 342, 394-5 
renal vascular diseases 427-8 
renal vascular hypertension, traumatic induced 535-6 
renal vein thrombosis (RVT) 58-9, 86-8, 88, 358, 
427-8 
renin—angiotensin system 276, 277 
renography of megaureter 582 
resiniferatoxin 769 
retrograde ureterography a565 
retroperitoneal laparoscopy 217-19 
adrenalectomy 261-2 
advantages 217 
anatomic considerations 217-18 
contraindications 217 
disadvantages 217 
indications 217 
laparoscopic nephrectomy 488-9, 488-9, 490-1, 490 
laparoscopic pyeloplasty 492, 493-4 
patient positioning 218 
technique 218-19 
retroperitoneal tumors 1339-71 
non-renal 1339 
rhabdoid tumor of the kidney (RTK) 500, 512 
rhabdomyolysis 359-60, 360 
rhabdomyosarcoma (RMS) 90 
alveolar (ARMS) 969, 970-1, 973, 974, 975-6, 975 
anaplastic 976 
biopsy 981-2 
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rhabdomyosarcoma (RMS) (contd) 
botryoid (BRMS) 969 
clinical grouping system 979 
diagnostic studies 976-8, 980-1 
ectomesenchymoma 976 
embryonic (ERMS) 969, 970, 972-3, 974, 975 
botyroid 975, 975 
spindle cell 975 
epidemiology 969-70 
imaging 743, 743, 980-1 
immunostaining 977 
immunopositivity 976 
international classification 974, 974 
molecular and cellular biology 970-6 
molecular studies 977-8, 977 
pathology 974-6 
post-treatment pathologic studies 978 
presentation: bladder/prostate 979-80 
staging 978-9, 978, 979 
treatment 982-9 
bladder tumors 985 
chemotherapeutic agents 987-8 
clinical group I 982-3 
clinical group II 983 
clinical group III 983 
clinical group IV 983-4 
female genital tract 985-6 
late effects 988-9 
prostate tumors 985 
radiotherapy 986-7 
recurrence 989 
residual disease 989 
special pelvic tumors 984-6 
surgery 987 
unfavorable histology clinical groups I and I 
tumors 986 
undifferentiated sarcoma 976 
rifampicin for tuberculosis 149-50 
Rovsing syndrome 304 
Rubinstein—Taybi syndrome 969 
Rutland—Patlak plot 455 


sacral agenesis 70, 797-9 

diagnosis 797-8 

recommendations 798-9 

urodynamic findings 798 
sacrococcygeal teratoma 84, 1351-4 

classification 1352-4, 1352 

clinical features and presentation 1351-2 

imaging 1352, 1353 

laboratory 1352 

long-term follow-up 1354 

pathology 1351 

results of therapy 1354 

treatment 1352-4 
satreptomycin for tuberculosis 150 
Scarino—Prince vertical flap pyeloureteroplasty 482 
schistosomiasis 168-70, 169 
Schénlein—Henoch purpura 1255 


scrotum 
abnormalities 1245-7 
accessory 1246 
agenesis 1245-6 
bifid 1246 
cavernous hemangioma of 74 
defects of number or position 1245-6 
diagnostic studies 1251-2 
disease, acute 1250-2 
ectopic 1246 
edema, idiopathic 178-9, 1255, 1255 
history 1250 
masses 71-3 
neonatal 71-2 
pediatric 72-3 
normal development 1239 
physical examination 1250-1 
trauma 1254-5 
tumors 73 
selective serotonin reuptake inhibitors (SSRIs) 186 
seminal vesicle cysts 1262-3, 1262 
seminoma 14 
Senior—Loken syndrome 339, 340 
seromuscular enterocystoplasty 895-8 
advantages and disadvantages 896 
anatomy and physiology 895-6 
results 897-8 
surgical technique 896-7 
serum resistance 110 
sex assignment 1202 
sexual differentiation, normal 1118-20 
chromosomal sex 1118 
gonadal differentiation 1118-19 
hormones 1119-20 
sexually transmitted diseases 209 
sickle cell anemia 12 
sickle-cell disease 361 
sigmoid cystoplasty 881, 882 
sigmoid (S-shaped) kidney 306, 307 
Simpson-Golabi-Behmel syndrome 497 
single photon emission computerized tomography 
horseshoe kidney 54 
in kidney transplant 55-6 
in kidney trauma 57-8 
pyelonephritis, acute 56, 57, 58, 128, 128 
renal artery stenosis 58 
urinary tract infection 56 
Skene’s duct cyst 602 
skin bridges, post-circumcision 202 
small intestinal submucosa (SIS) grafts 901-2 
small-capacity hypertonic bladder 805-6, 805 
Snodgrass variation of Kropp bladder neck repair 859, 
860 
sodium requirements 224 
sonographically evident renal pyelectasis (SERP) 
37-40, 38—40, 42 
Sotos’s syndrome 498 
SPECT see single photon emission computerized 
tomography 


spermatic cord torsion 1252-4 
sphincter-to-bladder reflex 770-2, 771-2 
spina bifida 750, 768 

intrauterine repair 65 
spinal analgesia 192 
spinal dysraphisms 794—6 

diagnosis 794, 795 

findings 794-6 

pathogenesis 796 

recommendations 796-7 
spinal trauma 803-4 
split-cuff nipple valve 928, 929 
stab wounds 532 
staccato voiding 805, 806 
Starr plication for megaureter 585, 586 
stem cells, tissue engineering 1370-1 
steroid synthesis pathway 1153 
Stevens-Johnson syndrome 151 
stone baskets 405, 405-6 
stress leak point pressure 757, 759 
Sturge-Weber syndrome 253 
subacute bacterial endocarditis (SBE) 4 
sulfadiazine stones 397 
sulfonamides for urinary tract infection 151 
supernumerary kidney 294 
suprapubic aspiration (SPA) 121-2 
suprarenal gland development 237-9, 237 
Swyer syndrome 1158 
o-sympatholytic agents 784 
syndrome of inappropriate antidiuretic hormone 

(SIADH) 322 

systemic lupus erythematosus (SLE) 395 


Tamm-Horsfall proteinuria 48, 429-30 
Tanagho bladder neck repair 857-8, 858, 864 
tapetoretinal degeneration 339 
teratogens, genitourinary tract 232 
termination of pregnancy 32 
testicular tumors 72, 72, 1329-36 
adjuvant therapy for malignant tumors 1332-4 
cryptorchidism and 1303 
epidemiology 1329 
evaluation 1329-30 
surgical management 1330-2 
in congenital adrenal hyerplasia 1336 
leukemia 1336 
teratoma and epidermoid cyst 1334 
testis 1127-34 
abnormalities 1258-60 
defects of number and position 1258-9 
gonadal fusion anomalies 1259 
gonadal determination 1127-30 
genetic regulation 1128-9 
determination 1130-3 
descent 
early testicular development 1134 
genetic regulation 1132 
mechanisms 1133-4 
ectopia, transverse 1259 
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exstrophy 1259 

hypertrophy 1259-60 

mass, laboratory tests 14 

physical examination 5, 6 

torsion of 71, 1277-82, 1279 

see also testicular tumors; undescended testis 


testis, undescended 


anatomic position of testis and procedure success 
1320 
diagnosis 1309, 1309 
incidence 1309, 1309 
microvascular autotransplantation 1318-21 
non-palpable testis 1310-12 
diagnostic inguinal exploration 1312 
diagnostic laparoscopy vs inguinal exploration 
1312 
human chorionic gonadotropin (hCG) in 1311 
Jones incision for 1317-18, 1319 
laparoscopy in evaluation 1311-12 
radiologic evaluation 1310-11 
scrotal exploration for unilateral 1311 
orchidopexy 1312-17 
by spermatic vessel transection 1317 
staged orchidopexy 1316-17 
standard inguinal approach tto the undescended 
testis 1312-16, 1311-16 
therapeutic laparoscopy 1321-5 
laparoscopic orchidopexy 1321-5 
laparoscopic vessel ligation 1321 


testis-determining factor (TDF) gene 232 
testosterone 16 

tetracyclines for urinary tract infection 154 
thoracic kidney 301-2 

thrombotic thrombocytopenic purpura (TTP) 358 
thymic carcinoid 250 

tiarcillin for urinary tract infection 152 

tissue engineering 1363-71 


biomaterials for genitourinary 1363-4 
of bladder 901-2, 1365 
augmentation 1365 
matrices for regeneration 1365-8 
replacement using 1366 
seeded technology 901-2 
seromuscular grafts and de-epithelialized bowel 
segments 1365 
unseeded technology 901-2 
ex-vivo functioning renal units 1368 
fetal tissue engineering 1368-9 
formation of renal structures 1368 
genital tissues 1366-7 
engineered penile prostheses 1367 
female genital tissues 1367 


reconstruction of corporeal smooth muscle 1366-7 


injectable therapies 1369-70 
in vivo creation 1368 

stem cells 1370-1 

therapeutic cloning 1371, 1371 
for tissue reconstitution 1363 
ureters 1367-8 


1392 Clinical pediatric urology 


tissue engineering (contd) 
of urethra 1364-5, 1365 
vascularization 1364 
tobramycin for urinary tract infection 153 
topotecan in rhabdomyosarcoma 987 
total body water (TBW) 225 
toxic shock syndrome 421 
transdermal fentanyl (TF) 190-1 
transforming growth factor-B, 272, 275-6, 278 
transitional cell carcinomas 743, 989-90 
transperitoneal laparoscopy 219-20 
adrenalectomy 259-61, 260, 261 
indications 217 
intraperitoneal carbon dioxide insufflation during 
221-2 
laparoscopic bladder autoaugmentation (LBAA) 
958-9 
laparoscopic nephrectomy 489, 490 
laparoscopic pyeloplasty 494 
patient preparation and positioning 219-20 
technique 220 
triad syndrome see prune belly syndrome 
triamterene stones 397 
tricyclic antidepressants in nocturnal enuresis 835 
trimethoprim—sulfamethoxazole for urinary tract 
infection 151 
triple phosphate crystals 14-15, 15 
trisomy 13 439, 1083 
trisomy 18 304, 1083 
trisomy 21 23, 969 
prune belly syndrome and 1083 
true hermaphroditism 75, 1155, 1155 
tuberculosis 148-50 
tuberous sclerosis 344-6, 344, 345, 439 
tubularized incised plate (TIP) urethroplasty 1216, 
1219 
tubulointerstitial nephritis and uveitis (TINU) 361 
tumor lysis syndrome 361 
Turner’s syndrome 232, 289, 295, 304, 1158 
prune belly syndrome and 1083, 1085 


ultrasonic lithotripsy 407, 407 
ultrasonography, office 35-51 
bladder 739 
bladder calculi 50 
dysfunctional elimination syndrome 50 
echogenic kidney 4, 45 
hydronephrosis 40, 42, 45 
kidney 36 
multicystic dysplastic kidney 45 
megaureter 581 
neuroblastoma 1344 
pheochromocytoma 1349 
posterior urethral valves 43, 1066-8, 1067 
postnatal 26 
pyelonephritis 128-9 
renal obstructive disorders 448-51 
SERP 38-9, 42 
urachus 741, 742 


ureter 558-60, 744, 745 
ureterocele 49, 745, 745 
Williams syndrome 429 


unilateral (UAH) adrenal hyperplasia 251 
unilateral renal agenesis (URA) 294-6 
upper urinary tract trauma 529-37 


abdominal and pelvic CT 520 
arteriography 530-1 
blunt vs penetrating 532 
DMSA and follow-up radiographic imaging 531-2 
grading of renal injuries 530 
management 532-4 
non-operative therapy 534-5 
operative intervention 535 
pediatric vs adult 529-30 
indications for imaging 529-30 
traumatic induced hematuria 529 
renal vascular hypertension, traumatic induced 535-6 
renal vascular injuries 535 
retrograde pyelography and percutaneous drainage 


single-shot intravenous pyelography 520 
ureteropelvic junction disruption 536-7 


urachus 


adenocarcinoma of 990 

anomalies of 1053-6, 1054 

CT 741, 742 

cyst of 1054, 1055 

sinus of 1054, 1055 

ultrasound 741, 742 

voiding cystourethrography 741, 742 


urate nephropathy of the newborn 58 


ureter(s) 


anatomy 541-2, 541 

classification 577-8, 578 

congenital ureteral stenosis and valves 573—4 

development 553-4, 553-4 

duplication see ureteral duplication 

ectopic 597, 600-1, 604, 618-22 
duplex system 600, 620-2 
single system 618-20 

embryology 541-2, 541, 593-7 
abnormal development 594-6 
normal development 593-4, 593 

factors affecting function 544-5 

function 542-3 

histology 546 

infection 545-6 

in-office ultrasound 36, 45, 47 

muscular contraction 542-3 

obstruction 545-6 

pathologic processes 545-9 

physiology 542-5 

polyps 574 

reimplantation in posterior urethral valves 1072 

retrocaval 571-2 

surgical technique 571 

tissue engineering 1367-8 

trauma 565 
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ureteral dilatation 544 
urine transport from renal pelvis to bladder 544 
urine volume 544-5 
ureteral duplication 593-644 
characteristics 599-606 
complete 595 
evaluation and diagnosis 607-18 
CT 617, 617 
cystoscopy 618 


excretory urography 613, 614-15, 614-16, 616 


MRI 617 
renal scintigraphy 617 
ultrasonography 608-11, 608-10 
voiding cystourethrography 611-14, 611-12 
management 618-28 
nomenclature and classification 597-9 
postoperative concerns 638-40 
presentation 601-5 
surgical techniques 628-38 
ureteral-renal interactions 596-7 
ureteral lock 543 
ureteral triplication 640 
ureterectomy 
lower 634-6, 635 
subtotal 634 
ureteric bud hypothesis 20 
ureteric ectopia 20 
ureterocalicostomy 484-5, 485 
ureterocele 77, 77, 596, 597, 601, 604, 622-8 
blind 596 
duplex system 622-8, 624-9 
prolapse 628-9 
single system 622, 623 
ultrasound 48, 49, 745, 745 
ureterocelectomy 636-8, 637-8 
ureterocystoplasty 898-901, 900 
advantages and disadvantages 898-9 
anatomy and physiology 898 
results 900-1 
surgical technique 899-900 
ureterography 565 
ureteropelvic junction obstruction (UPJO) 79-80, 
232 
in duplex kidney 484 
nuclide imaging 54-5, 55, 452 
prenatal detection 28 
surgery 479-85 
tissue handling, sutures and stenting 483-4 
ultrasonography 37, 38, 40, 447, 448-9, 450 
ureteropyelostomy 618, 620, 633, 633-4 
ureteroscope 410, 410, 411, 411 
ureterosigmoidostomy 938 
ureteroureterostomy 618, 620, 633, 633-5 
ureterovesical junction obstruction (UVJO) 447 
ureterovesical junction, function 543-4 
flap-valve mechanism 543 
urethra 
prolapse 206-7, 206 
tissue engineering 1364-5, 1365 


urethral syndrome malformation complex see prune 


belly syndrome 
urethritis 172 
uric acid crystals 14 
urinalysis 11, 120-1 
urinary ascites 82-3, 83 
urinary diversion 911-40 
conduit 916-20 
colon 920, 921 
complications of 918 
ileal 919-20 
ileocecal 920, 922 
continent 920-39 
antireflux mechanism 927-9 
bowel segment, choice of 925-7, 925 
compliant reservoir 924-5 
continence mechanism 929-39 
patient selection 922-4 
postoperative care 939 
preoperative evaluation 922—4 
principles 924-39 
intubated diversions 911-13 
open nephrostopmy tube 913, 913 
percutaneous nephrostomy 912-13 
percutaneous suprapubic cystostomy 911-12 
surgically placed cystotomy 912 
ureteral stents 911 
urethral catheter 911 
non-intubated diversion 913-16 
cutaneous pyelostomy 916, 918 
cutaneous ureterostomy 914-16, 917 
cutaneous vesicostomy 913-14, 914 
temporary 911-16 
urinary incontinence, ectopic ureter in 605-7 
urinary tract functional development 19 
urinary tract infection (UTI) 55-6 
antibacterial agents 151-4 
asymptomatic bacteriuria 123-4 
bacterial 105, 106-10, 106, 107-8 
in boys 205 
classification of VUR 133 
clinical presentation and localization 122-30 
congenital, associated with reflux 138-9 
cystitis 124 
diagnosis 120-2 
epidemiology 103-20 
evaluation 130-42 
history 131, 748 
hypertension 141 
imaging 131-2, 139 
cystography 132-3 
DMSA scintigraphy 134-5, 138, 139 
DTPA 138 
upper tract 134-6 
gender ratio 103 
host defense factors 111-15 
dysfunctional elimination 113-15, 114 
perineum 111-12 
prepuce 112-13, 113 
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urinary tract infection (UTI) (contd) 
host defense factors (contd) 
urethra 113 
immunity 117-19 
antibody response 117-18 
cell-mediated 118 
innate 118-19 
vaccines 119 
immunologic factors 115-17 
antiadherence 116-17 
heredity 115-16 
receptors 117 
urinary inhibitors 117 
incidence 11, 103-5, 104 
as indication for circumcision 205 
in primary vesicoureteral reflux (VUR) 115, 115 
in renal ectopy 298 
micturition symptoms in girls 115 
neonatal symptoms 122 
new or acquired 139-4] 
physical examination 131 
prevalence 11 
renal insufficiency 141-2 
renal scarring 110-11, 136-42, 138 
sequelae 141-2 
serology 105-6 
timing 132 
treatment 142-51 
asymptomatic bacteriuria 142 
dysfunctional elimination 147-8 
prophylaxis 144-6 
pyelonephritis 144 
renal abscess 146-7 
renal failure 147 
uncomplicated lower urinary tract infection 142-4 
ureterocele and 603, 607 
urinary obstruction and 120 
in urolithiasis 390 
vesicoureteral reflux and 119-20, 136-7, 669 
virulence factors 106-20 
urinary tract obstruction 
fetal 21 
with oligohydramnios in antenatal period 61-4 
urine culture 11, 121-2 
urine production and excretory function, fetal 19, 20 
urinoma, neonatal 84 
urodynamics of urinary tract 
antegrade perfusion test (Whitaker test) 760-1, 761, 
762 
compliance 758-60 
cystometry 753-7, 753 
EMG 754 
historical features 747-8, 748 
lower urinary tract 751, 751 
physical examination 748-50, 749, 750 
radiographic evaluation 750 
urinary flow rate and bladder capacity 751-2, 751-2 
videourodynamics 755-7, 755 
upper urinary tract 760-2 


urofacial syndrome 775, 819 
urogenital development, embryology 1163 
urogenital ridge 1139 
urogenital sinus 
classification scheme 1188-9 
evaluation 1189-90 
endoscopic evaluation 1190 
gonadectomy 1200-1 
history/physical examination 1189 
radiographic evaluation 1189-90 
surgical techniques 1190-201 
feminizing genitoplasty 1191-3, 1192 
higher confluence 1194-9 
complex flaps 1197, 1197 
exposure 1195-6, 1196 
pull-through vaginoplasty 1194-5, 1195 
total urogenital mobilization 1197-9, 1198-9 
low confluence 1193-4 
cutback vaginoplasty 1193 
flap vaginoplasty 1193-4 
patient preparation 1190-1, 7191 
results of reconstruction 1201-2 
timing 1190 
vaginal replacement 1199-200 
bowel vagina 1199-200 
skin graft 1199, 1199 
urolithiasis 
bladder 417-18, 417 
classification 387, 388 
clinical presentation 388-90 
endourology for 401-18 
enzymatic disorders 396-7 
epidemiology 387 
etiology/epidemiology 401-3 
history and physical examination 390 
hypercalcemic states 393-4 
hyperparathyroidism 393-4 
idiopathic calcium oxalate 392-3, 393 
imaging 390-1, 391 
immobilization 394 
laboratory evaluation 391-2 
pathophysiology 387-8 
patient evaluation 390-2 
renal calculi 414-16 
treatment options 
extracorporeal shock wave lithotripsy 403-4 
intracorporeal lithotripsy 407-8, 407-8 
percutaneous endourology 411-14 
ureteroscopy 404-5, 404, 405, 408-11 
working instruments 405-6 
ureteral calculi 416-17 
uric acid 394 
urologic anomalies, screening 23-5 
fetal 23-4 
nonlethal 24-5 
uropathy, fetal, pathophysiology of 20-1 
uterus 
abnormalities 1144 
bicornuate 295, 295 


formation 1143 


VACTERL syndrome 295, 799 
prune belly syndrome and 1083 
vagina 
abnormalities 1144 
cysts 208 
formation 1143 
hypoplasia of 295 
vaginitis 172, 208-9 
vaginosis, bacterial 209 
varicocele 73, 1247-50, 1249 
definition and incidence 1282 
etiology and pathophysiology 1282-4 
postoperative hydrocele treatment after 1287 
presentation and diagnosis 1284-5 
recurrence 1287 
repair techniques 1286-7 
testicular histology 1248 
treatment 1285-6 
vas deferens, ectopy of 1262 
VATER syndrome 799 
VATER/VACTERL association 1162 
vena cava, development 283, 284 
vesicoamniotic shunting, complications 21 
vesicomyectomy 892-5, 893 
vesicomyotomy 892-5, 893 
vesicostomy drainage 792 
vesicourachal diverticulum 1054, 1056 
vesicoureteral reflux (VUR) 20, 37, 38, 67, 232, 271, 
546-9 
o-blocker therapy 668 
antibiotic prophylaxis 665-7 
anticholinergic therapy 668 
biofeedback 669 
bladder training 667 
classification 132-3, 133 
constipation 668-9 
demographic features 658-9 
fetal 21 
follow-up assessment 669-70 
follow-up cystography 669-70 
historical perspective 655 
lower urinary tract function in 660-1 
management 372 
non-surgical management 663-70 
prenatal detection 29-30 
primary vs secondary 659 
prophylaxis 145-6 
reflux resolution 663-5 
see also vesicoureteral reflux, injection therapy; 
vesicoureteral reflux, surgery 
vesicoureteral reflux, and renal dysplasia (VURD) 
syndrome 1066, 1067, 1072 
vesicoureteral reflux, injection therapy 691-707 
complications 702 
cumulative results 699 
duplicated systems 701 
dysfunctional voiding 700-1 
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endoscopic injection technique 691—4 
failed ureteral reimplantation 702 
materials 694-9 
non-autologous 695-8 
coaptite 698 
cross-linked bovine collagen 696 
detranomer/hyaluronic acid copolymer 697-8 
polydimethylsiloxane 696-7 
polytetrafluoroethylene 695-6 
autologous 698-9 
chondrocytes 698 
collagen 699 
fat 698-9 
muscle 699 
neuropathic bladder 699-700, 700 
paraureteric diverticulum with VUR 701-2 
refluxing ureteral stump 702 
reason for failure of endoscopic treatment 703-5 
recurrence 703 
special considerations 699-702 
vesicoureteral reflux, surgery 673-84 
complications 683-4 
new contralateral reflux 684 
persistent reflux 683-4 
ureteral obstruction 683 
extravesical techniques 681-2 
Lich-Grégoir repair 681-2 
historical background 673 
indications 673-4 
intravesical techniques 674-81 
Cohen’s cross-trigonal repair 679 
exposure/initial dissection 674—6 
Gil- Vernet repair 681 
Glenn—Anderson repair 679-81 
Politano—Leadbetter repair 676-9 
minimally invasive approaches 687-9 
extravesical laparoscopic ureteral reimplantation 
687-8 
intravesical laparoscopic ureteral reimplantation 
688-9 
postoperative evaluation 682-3 
presurgical techniques 674 
cystoscopy 674 
positioning 674 
results 683 
upper tract imaging 670 
ureterovesical junction 655-8 
urinary tract infection in 659-60 
voiding dysfunction 667-9 
V-flap umbilical stoma 953 
videourodynamics 755-7, 755, 1073-4, 1073 
viral cystitis 172, 173, 174 
virilizing adrenal tumors 251, 1354-5, 1355 
voiding cystourethrography (VCUG) 555-8 
bladder 739-40 
bladder augmentation 740, 741 
bladder diverticulum 742, 743 
bladder rupture 743-4 
megaureter 582 
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voiding cystourethrography (VCUG) (contd) 
open bladder neck 842 
posterior urethral valves 1068, 1068-9 
prune belly syndrome 69 
in renal ectopy 299 
small bladder capacity 1048, 1048 
urachus 741, 742 
ureter 744 
urinary ascites 83 
voiding reflex 773-4 
von Hippel—Lindau disease 253, 346 
von Recklinghausen’s disease see neurofibromatosis 
type 1 
von Willebrand disease 12, 501 
von Willebrand factor (vWF) 12 
ristocetin cofactor (VWERCo) 12 
VQZ skin-slap technique 937, 952 
vulvitis 208-9 
vulvovaginitis 177-8, 178, 208, 209 
non-specific 209 


WAGER syndrome 85, 523, 1127 
Wallace technique for ureterointestinal anastomosis 
919, 920 
Weigert—Meyer law 595, 596 
Whitaker test 565 
Williams syndrome 1051 
Wilms’ tumor 85-6, 250, 331, 430-1, 497-512 
epidemiology 497-8 
biology and genetics 498-9 
genetics 232 
histopathology 499-51 
horseshoe kidney and 289, 305 
in multicystic dysplastic kidney 341 
presentation, preoperative evaluation and staging 
501-3 
rhabdomyosarcoma and 970 
staging 502 
surgery 503, 521-3 
inoperable tumors 522 
intravascular invasion 522 
lymph node sampling 522 
nephrectomy 521-2 
partial nephrectomy 523 
pathology specimen 523 
patient preparation 521 
surgical outcome 523 
surgical principles 521 
tumor spillage and rupture 523 


treatment and outcome 503-9 
International Society of Pediatric Oncology 505-6 
late effects of 509-10 
National Wilms’ Tumor Study Group 503-5, 505 
partial nephrectomy in unilateral tumors 508-9 
preoperative chemotherapy vs immediate 
nephrectomy 506-9 
bilateral disease 507-8 
inoperable tumor 506, 507 
vascular extension 507 
UK Children’s Cancer Study Group 506 
Wilson’s disease 429 
Wolffian duct system, defects of 1261-3 
agenesis 1261 
anomalies of epididymal attachment 1261 
epididymal cysts 1261-2, 1261 
Wolffian duct, fate of 1147 
Wolffian remnants 1143 
Wolman’s disease 247 


xanthinuria 396 

xanthogranulomatous pyelonephritis 150-1, 426 
xenotransplantation 272 

XY gonadal dysgenesis 1159 


Yang/Monti tubes 862, 862 
Yang—Monti technique 937-8, 937 
yeast infections 209 
Young—Dees—Leadbetter (YDL) bladder neck 
reconstruction 849, 852-3, 852-3, 865, 1029-31, 
1030 
bladder neck closure 860-1, 862 
Kropp bladder neck repair 858-9, 859, 864 
Snodgrass variation 859, 860 
Mitrofanoff principle 861-3, 862 
Pippi Salle bladder neck repair 859-60, 861, 864 
Tanagho bladder neck repair 857-8, 858, 864 
variations 853-7 
Arap’s staged bladder reconstruction 856-7, 857 
indicators for success 863-4 
Koffs 854, 854 
Koyle’s Thiersch-Duplay tube-tubulization 856, 
856 
Mitchell’s 854, 856, 1031-2 
Mollard’s 853-4, 855 
yo-yo reflux 642, 643-4 
Y-ureterostomy 916 


Zellweger syndrome 439 


